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CHAPTER 1

X*��ZY�4�XZ*

1.1 Introduction

The root of the word diamond comes from the Greek words “diaphanes” and 
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their marketable attributes, however, diamonds provide invaluable information on 
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This thesis builds on decades of research which has focused on understanding 

the composition of the source of natural, terrestrial diamonds and, ultimately, the 
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materials termed xenoliths and xenocrysts are brought to the surface by volcanic 
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composition of these minerals can provide an insight into processes that led to craton 
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The study of diamonds and the mineral inclusions within them provides an 
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composed of nearly pure carbon and therefore provide only a limited amount of 
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be studied to provide an approximate residence temperature or age of individual 

diamonds within the mantle, but little information on the broader composition of 

����74=>�����"�������
������q���������������������������
����
�����������������


�����	� ���	������� #������		�� ��	�������� �:����� ���� ��	������5� ���� "�� �������� ����

���	���������������
�#q�������.@)(5��6�����
������������
���		���������������������

mantle residence and transport to the surface, inclusions are protected from chemical 
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the only pristine information on the components and conditions of the cratonic 
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1.2 Layout of Thesis

This thesis contains the detailed study of diamonds and their mineral inclusions, 
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This study focuses on mantle-derived xenoliths/xenocrysts and diamonds from 
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This research will improve our understanding of both the Superior Craton and the 
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to the low preservation potential of many kimberlite indicator minerals in tropical 

�������
�����

X���������������
�����:�	�����������4��������	��"������������.@)I��������
�\���

!�
"��	��������������������"�����
��������	�����.@(I���X��.@@.����������������
���		��

viable diamond deposit was discovered in the Lac de Gras area of the Northwest 
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- Ekati - in 1998, the diamond industry in Canada has grown considerably, with a 
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The two regions under study are similar in their relative lack of information 
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containing distinct metallogenic associations, with primary diamond deposits being 

restricted to cratonic areas that have remained stable throughout younger periods 
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contrast, the presence of the diamondiferous Carolina kimberlite appears to be in 
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1.3 Geological Background

1.3.1 Geology of the Amazon Craton
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cratonic areas in the world and forms the northern part of the platform (Teixeira 
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rocks associated with gneisses and migmatites predominantly accreted during the 
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were reactivated during the break-up of western Gondwana and the opening of the 
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1.3.2 Geology of the Superior Craton

The Superior Province in Eastern Canada is the world’s largest Archean 
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and that within this range there is evidence for several major magmatic episodes 
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metavolcanics, intruded by biotite granites, and metamorphosed to greenschist to 
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Abitibi-Opatica terrane includes granite-greenstone belts of the Abitibi subprovince 
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with the end of major volcanism and the onset of polyphase deformation and a 
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created the crust of the Superior province and likely, the thick underlying cratonic 
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elongate belts of the southern Superior province are accreted island arcs, oceanic 

plateaus, microcontinents and accretionary prisms amalgamated in the interval 
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hence is probably connected with large-scale melt extraction and crustal recycling 
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CHAPTER 2

THE CAROLINA KIMBERLITE, BRAZIL – INSIGHTS 
INTO AN UNCONVENTIONAL DIAMOND DEPOSIT
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deposit

2.1. Introduction

Historically diamond exploration has been guided by Clifford’s rule (Clifford, 
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tectono-metallogenic associations in Africa represented by distinct mineral deposits, 

with primary diamond deposits being restricted to cratonic areas that have been stable 
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Clifford’s rule has recently been challenged through the discovery of primary 
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studied diamonds and mantle xenocrysts from the Carolina kimberlite in the Pimenta 
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that crust and mantle in cratonic areas generally remain coupled since their formation 
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a large portion of the South American platform, stretching 3,000 km from Rio de 
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Thirty-two kimberlites occur to the east of the Carolina property, 15 of which 
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of the kimberlites are moderately well-preserved and typically of crater or diatreme 
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2.3. Samples and Analytical Methods

2.3.1. Samples
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for destructive analysis, a further 230 diamonds were obtained for non-destructive 
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Diamonds collected for destructive analysis were crushed in a steel breaker 
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Garnet and clinopyroxene xenocrysts were selectively picked from heavy 

mineral concentrate derived from both kimberlite drill core, separated by dense 
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2.3.2 Analytical Techniques

Nitrogen concentrations and aggregation states in the Carolina diamonds were 
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combination of large sample thickness and high nitrogen contents, the nitrogen peak 
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determining the areas beneath the respective peaks on spectra converted to absorption 
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Nitrogen detection limits are 10-20 ppm, depending largely on the spectral 
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major and minor element compositions were determined by wavelength-dispersion 
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The age of the kimberlite was determined using phlogopite macrocrysts 
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2.4. Results

2.4.1. Kimberlite Phlogopite Macrocryst Rb-Sr Model Age

Fresh phlogopite macrocryst samples were analysed to determine the age of 
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Sample weight (g) Rb (ppm) Sr (ppm) 87Rb/86Sr 87Sr/86Sr  +/- 2SE Model Age (0.705)
CAD-04x-A 0.00480 717.0 9.85 225.8 1.45017 0.00003 232.0
CAD-04x-B 0.00277 672.5 12.90 159.0 1.22755 0.00007 231.1
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2.4.2. Diamonds

2.4.2.1. Diamond Characteristics

The subset of 25 diamonds for destructive analysis was characterised based 
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dominant, comprising 48% of the sample set, colourless diamonds made up 24%, 
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Dodecahedral crystals make up 32% of the sample set, with another 26% comprising 
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evidence of secondary resorption indicating breakage post kimberlite emplacement, 
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Surface features are related to the morphology of the diamond, with certain 

features found on dodecahedral faces, and others found exclusively on octahedral 
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Graphite is commonly observed within the diamonds studied, occurring mostly 
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2.4.2.2. Carbon Isotopic Values
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whilst eclogitic diamonds have isotopic compositions that extend to very negative 
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correlation observed between carbon isotopic composition and morphology or 
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2.4.2.3. Nitrogen Content and Aggregation State
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the Carolina pipe contained measurable nitrogen, and for the 222 samples with 
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of their nitrogen impurities (Evans et al.��.@(.5��Y��
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Time averaged mantle residence temperatures can be determined for an assumed 

mantle residence time using the aggregation state and known concentration of nitrogen 
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2.4.2.4. Platelet Peak
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centres are defects within the crystal lattice caused by platelets, the composition of 
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as interstitial carbon atoms which are likely displaced in the diamond lattice with the 
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2.4.2.5. 3107cm-1 Hydrogen Peak

A number of peaks in the absorbance spectrum of diamond have been attributed 
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weaker hydrogen peaks at 1405, 2786, 4169 and 4469cm-1 are only observable at 

high intensities of the 3107cm-1����!������B.I+�
-1 peak likely relates to stretching 



25

|������%�$���5�6��	����
����������������
������	���	������!�#X#K�55�����������������������
�
������������������������������K���
�������
�������4���	�������
������������������
�����"	��
�������������������	������������	���	�������������������	��������	����������
"��������	���	������!� ��������������[K�
��� ����	������
�����#�������.@()5��"5�
The same plot separating samples according to their time averaged mantle residence 
��
����������� 6������ ��������� ����������� �	���	��� ������������ ����� �����������
��
����������

vibrations of C=CH2�#����	�����5�"�����#����������4�		�����.@(B5���������������

���!� ���������� #
�������� ��� �����!� ����5�������� 
��
�I� ���()�
-2 although most 

#@.[��
����
����5�
�		���������������
�I����.I�
-2�#|����%�)5�
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environment, as opposed to a proposed ammonium-rich growth medium for the 
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2.4.3. Xenocrysts 

2.4.3.1. Garnet Xenocrysts

Garnet xenocrysts from coarse concentrate derived from garimpeiro diggings 
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a characteristic of diamond facies eclogites and hence is considered an indication 

for increased diamond potential of the host kimberlite (Gurney, 1984; Gurney et al., 
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2.4.3.2. Clinopyroxene Xenocrysts
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and phase-compatibility constraints to within acceptable error for a wide variety 

of peridotitic bulk compositions and a broad range of pressures and temperatures 
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Clinopyroxenes from kimberlite core exclusively fall on the colder model geotherm 
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2.5. Discussion

2.5.1. Diamond Source Region

Using the Cr2O3/Al2O3� ������
�������� ������
� �
� ��
���� #.@@%5�� ����

composition on the clinopyroxene xenocrysts from the Carolina kimberlite indicate 

�����������
��
�����������������������������#|����%�(5��<������:�����������
����������

�����������	�
������
�����������������������������������������������
�	�����"������

�
����M"��������#<.I5���������#|����%�+5����������	�
��������
����
������!�
"��	�����

|������ %�(�� 8	��� �
� 4�2O3 versus Al2O3� #��[5� 
��� ����� ���� �������	� ������������
�	�������:����������������
���������	���	����
���
����#.@@%5������
�\�������
�
��������	����������N�������������������������������	�������:������������������������
"����� ��� �������� ����� ����� �������� 
��
� !�
"��	����� ���		� ����� ��� �������	�
��
�	���

n=129



29

"������������������������������96����������������
����������#��
��<��
���et al., 1999; 

<��
��� et al.�� %IIB}� q���� ���� >�4���	����� %IIB5�� ����� ��� "�	������ ��� ��	���� ���

����	������	�����
�����������������
���	����������	���
������������"���������������

6�������"���������	�������		���
���������������������
�
�	���:���������������������

����������M"�������9�����������������#�����7�����	�et al.��.@@(}���	�����.@@(}�7������

et al.��%II'5��

K���
���� ���!�� �
� ���� ����� ���� ������ ��� .�(9.�$$<�� #����� ���������� ����

>���
"�����.@@@5�������"�������
����M"����������������������������������������
���

decoupled origin of crust and mantle beneath the Carolina kimberlite, and may be 

��!������ �
�	������� ���������	�����	������������
���	����������
�	�������������� ���

��
�����������
��������	�����	��������������������������M"��������<.I����������������

"����
������������"��!�
"��	������������8�
�����K����������#>����	���%II)5�

|������%�@��4���������������	��������������	�������:����89������
�����"������������
����
�"���
������
�*�
����������	���#%III5��Y����
��
�����7	����4�������?��!	����
=�!������7�
������X�	�nd are shown for reference to indicate low, intermediate and 
high cratonic geotherms #<�z���������>������%IIB�������
���������������5�

n=115



30

The absence of G10 garnets, as has been suggested previously for other 
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2.5.2. Thermal evolution of the Source Region

The nitrogen contents and aggregation states of the diamonds indicate that, for 
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observation of common platelet degradation among Carolina diamonds is evidence 

for thermal perturbations and/or strain affecting the diamond source regions prior 
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it is speculated that a younger generation of Cretaceous-Tertiary kimberlites in 
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whilst the clinopyroxene geotherm for the alluvial grains was elevated by comparison 
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opening of the South Atlantic or impact of a plume have been suggested as possible 
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2.6. Conclusions
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garnet xenocrysts is consistent with this post Archean setting, although G10 garnets 
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eclogite at depth, combined with high nitrogen contents and in part highly negative 

carbon isotopic values of the diamonds themselves, suggest derivation of Carolina 
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CHAPTER 3
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3.1. Introduction
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processes that led to cratonic lithosphere formation, their incompatible trace element 
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The diamondiferous Renard kimberlites are located in the eastern Superior 
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number of thermometers and barometers were applied to place the samples in a 

“stratigraphic” context, looking for evidence of mantle layering as has been suggested 
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Additionally, we present Pb isotopic compositions of xenocrystic mantle-

derived clinopyroxenes determined by in situ laser ablation-multicollector-inductively 
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the age of lithospheric mantle stabilisation beneath the eastern Superior Province 

allow a comprehensive assessment of the paragenesis of Renard diamonds and 
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allowed the creation of extremely depleted melting residues, that, once emplaced as 
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3.2. Geological Background

The Superior Province in Eastern Canada is one of the world’s largest Archean 
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local granulite facies metamorphism (Percival et al.��.@@'5������������	����6�������

#>��������et al.��%IIB5�

�:�	�������� ������� %II.� ��� %IIB� ���������� ���� !�
"��	���� ������ ��� ��������

They align roughly northwest-southeast in a 2km2������#|����Y.5�����������������

��
��� �������� .� ��� .I�� ����� ��"�������� ���!�� ��� %IIB�� �����
������ ����� ����

������
���"��������������$�����)�\�������������#����������	������
����������)$5��

|����������#%��B��'�����@5������
��������	������������������������������	����
������������

Currently, economic diamond content at Renard is estimated to be ~30 million 
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3.3. Samples

Sixty-three microxenoliths and 50 xenocrysts from Renards 2, 3, 4 and 65 were 
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assemblage is peridotitic, composed mainly of purple garnet and emerald green 
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samples, in particular the clinopyroxenes, were affected by intense secondary 
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3.4. Analytical Methods

3.4.1. Major and Minor Element Analysis

The xenocrysts were embedded in Araldite®� ���:�� ������ ���� �������� ��� ��
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minor and major element compositions was undertaken at the University of Alberta 
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accelerating voltage of 20kV and a beam current of 20nA, counts for each element 
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3.4.2. Trace Element Analysis

Trace element analysis was carried out at the University of Alberta’s Radiogenic 
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Repeated measurements of the same grains on different days yielded an external 

���������"�	����#��	�������������������������#�7Y55���		������������%������������

Calcium contents determined by electron microprobe analysis were used as 

����������	����������
���
���������������������������
��������
����	����
���Y���������

������������������<=X����® software (van Achterbergh et al.��%II.5��6��	�����	�

���������� ��� ���� %�� 	���	� ������� "������� +� ���� 'I[� #��	�����5�� "��� ��� ������		��

"������ ����� .I[�� ��	������ �������������� ].I[� ���� ������	� 
��� �	�
����� �������� ���

�	����	����"���������#�����««.���
}���������������������q���������	�������:���5��

4�������������� "�	��� ���������� 	�
���� ���� ���������� ������ ������������� |�������

�����	���������������������
�	��������������"��
��������7��
��"������et al.�#%II+5�

3.4.3. In-situ Pb Isotopic Analysis
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Prior to the start of ablation, a 30 second on-peak baseline measurement was 
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�I�%%@((�#���
����������	����.@@@5��Y����

�����������������������
�(����	����
�.I� �����������$� ������� ������������ �������	��


�������������.�����%�#�����B��������
����������	������
�5�����������	�������	�����

����� ����	��"	������ ��
���
�;B�
�������������� ��������� ���
���
���� ������	�
���
�

sample consumed, clinopyroxene grains were ablated in raster mode using a 320μm 

"��B%I�
��������������������������
�.)I�
V�����%IqM����������������������.${V�
2 

W������

6�������������:�����	����������"�	������������������������������
��������������

�������� 
�	���	�� �"	������� �
� ���� *X7�� 7�>� ).'� ���������� ����� ��������� ����

���������� �������������8"���������������#%�B%��
/�������.@@%5� ����	������� ������
�

���� �	�������:���� ������� ������������� ������ ��������� 
������
����� #�¯'5� �
� ����

*X7�� 7�>� ).'� ���������� �"	����� ������ ���� ��
�� ���	�����	� ��������� ��� 
��� ����
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�	�������:���� �������� ��������� ����� ���� µ���� ��������� �:�����	� ���������"�	���� #%���

[�7Y5�
���206Pb/204Pb and 207Pb/2048"�����������"�����������.[�#
���)���������5������

8"V8"���������"�����������������	����������.[��
����������������	����
���*X7��7�>�

).'��

3.4. Results

3.4.1. Major Elements

3.4.1.1. Garnet

Garnet occurs in 88 of the 113 samples analysed (28 as xenocrysts and 60 

�������
����:���	����5���	�������
�������"�����	������
��������������������������

���������
�\������#+$5�������������
��
���������������������#<@����	���M�	������<.I����

���M"�������������<.%��������	����5��������
���������
����������
�����������#<.5��

������9
�����
�������	���M�	�����#<..5��������"���������#<'5����������	�������#����

<B����������<'5������������	��������#<I5���������������#
�		�����������	������������

����
���
�<�z�����et al.��%II'5�#��"	��B�.5��������"������������������������������������

from eclogitic G4 garnets based on the presence of orthopyroxene in two xenolith 

��
�	��������
����:���������������������������������������	���
�����������������

garnets from websteritic xenoliths, all differing from eclogitic garnets in their higher 

>�Z�����4�2O3����������� ���� 	�����|�Z� #��"����������������/�
����>�9��
"���

#>���¯�.II>�Vº>��|�%�»5�('�I��4�9��
"���#4���¯�#.II4�Vº4��6	»55�.�+}���	�������

�������/�
����>���+B�$��4���I�$5��

The peridotitic garnets are chrome pyropes, with average concentrations of 

$�%��[� 4�Z�� )�'��[� 4�2O3�� %I�)��[� >�Z� ���� +�%��[� |�Z������ �:�������� ���

������	�����#<.%5�����������������������4�Z�#.@�$��[5�����	���>�Z�#.I�@��[5�

#��"	��B�.5�

����
�\�������
��������������������������	����������	���M�	�������	��#$B5���������

��"9����	���������������
��
����M"��������#.(5���������	�����#'5���������#|����B�%5��
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<�z�����et al.�#%II'5��������������	���M�	��������������������	��������	�����������<.IV

<@������������������		���������������������	����������	������������
���	��#<@6���	�5��

whereas garnets removed towards the Ca rich side are characteristic of off-craton 

��� �������� ����������������9
������
���	�� #<@K���	�5������� ��	��������������"����

������#������������4���������5� ���"����
���������
� ��
���������������������������

4�����������
������������������������ ��������������������� �	�������� ���� ��W������

��������������	�����������������������q��������������������������	�����������������

on temperature, with the Ca content of the garnet decreasing with increasing 

��
���������#�����K��������?¼�	���.@@I}�K���!�������K����.@@+5������
�\������#B+5�

�
�����	���M�	�������������
��
���������	������������9�������<@6���	��#|����B�%�5��

����>����
�	���M�	��������������������
��
�+B�@����($�(�#
����>����
�(%�$}�

>��Ca_corr��
�('�B5�����M"��������������������
����
����������������������>���
��
�

(B�)����(@�+�#
����>����
�($�(}�>��Ca_corr��
�()�(5����������������	��
����	������

����������������������
�������	�������#7�����	�����q�������%II(5�#|����B�%"5��>��Ca-

corr� �
� ������� #>��Ca-corr� ¯� >��� �� %4��� 4�� ��� �������� ��	��	����� ��� �� "����� �
� %'�

oxygens, following Stachel et al.��%II(5��������������������
��������

�����
�4�Z����

>�V|���������������"������������������>�9|����	�������#Z�*��		�����������.@+@5��

|������ B�%�� %��� 4�2O3_4�Z� #��[5� ������� �	������������ �	���� ����� ��
���������	�
��	����
�<�z�����et al.�#%II'5��%"��q�������
���������
�	����������>��Ca_corr���
�
������������������������>����
���"���������������	�������������������
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����>�Z���������� #.+�.��.@�.� ����.@�B��[5��
� ���� ��	����������������	����

���
� ��� ���������
�������
���	���������	�������� ��� ��
�	��� ��� �����������	�����
�

����9>����	������:���	�����
��
������6
�����#q�		������q���������.@(@5������7	����

craton (Aulbach et al., 2003; Schmidberger et al., 2007; Smart et al.��%II@5������

�����<����	����#������et al.��%II@5�#��"	��B�.5�

The four websteritic G4 garnets are compositionally similar to websteritic 

��������
��
����������6
��������4�Z9>�Z9|�Z�������#��	\����et al.��%II$5��������

�������� ����� ������� �������� >�Z� ��������� #%.�$� ��
������ ��� .(�$��[5�� 	�����

��������|�Z����������#+�B���
���������..�@��[5��������������������4�2O3 contents 

#I�$)���
���������I�.)��[5������������������	��������������������������"�����

3.4.1.2. Clinopyroxene

4	�������:�����������������������:�����������������'+�
����:���	������K�����

���
�������"�����	��������������������������
�����
���������	�M�����������������

��
"����
��	�������:����������������		���	�������6�������������������"	�����	������

centres of the grains were analysed, and individual analyses which showed evidence 

�
��	����������������
�����

K��������������4�2O3 and Al2O3 concentrations, two peridotitic clinopyroxenes 

	�!�	���������
��
������	�	���M�	���������'%�
�		����������N��9��������������������������

��	���
���
����#.@@%5�#|����B�B5�����������������4�9���������������4�2O3 contents 

��������
��
�I�)I����B�'B��[��������������������	����
�.�')��[���������>���������


��
�(@�)9@$�+�#��"	��B�.5��

���� ��
������� ���� �	�������:����� �	��� ��� ���� ��	������� ����:������ ����

����������� ��	�� �
� ��
���� #.@@%5�� ���� ���� 
���	��������� ������ ���� �����������

������������	���M�	������Z
������������������"����������������������������������������

��"����������������������	��������������"����������	�������:���������������>����
�

@B�(�����@.�B}�������	��������������>����
�()�)�

A distinction between eclogitic and peridotitic clinopyroxene can be made 

"������������4���������������
��
����	�������������
�������	��������	�������:����
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����� 4��� "�	��� ;+� ��� .I�� ������������ ������� ����� ������� 4���� ���	��� ��"���������

�	�������:������������������
�������������
��
�I�'9%@�#7�����	�����q�������%II(5��

X������������������������	����	��������	�������:�������	�����������4����
�.�@)���������

������"����������	�������:����������4����
�@�)(�����$�++�

3.4.1.3. Olivine

Z	�������������	�������������	���M�	����������������M"��������
����:���	������

���� 	���M�	����� �	������� ����� >��� 
��
� (@�$� ��� @%�'�� ����� �� 
���� �
� @.�B�� ����

���M"���������	������������>���"�������@%�+�����@B�$���������
�����
�@B�%�������

����������
����������#|�5�����������������M"���������	�������������������������
����

��
����������
����M"���������	���������	�������������
����#�����7�����	�����q�������

%II(5�

3.4.1.4. Orthopyroxene

Thirty-nine orthopyroxenes have been recognised, all of which occur in 

:���	����������������"������������� ���� ��������������������� #��"	��B�.5��=���M�	�����

���������:����������>���
��
�((�.9@B�(�#
����@%�)5�����M"�����������������:�����

|������B�B��4�2O3-Al2O3�#��[5�������
��������������
�
����	�������:����#��
�����
.@@%5�
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�����>���
��
�@B�%9@'�B�#
����@B�(5������	���M�	��������������:����������������

4�Z�����������
�I�.9%�I��[�����6	2O3����������������"�������I�'9.�I��[����������

exception of three Al2O3�������������#%�I��B�$�����'�'��[5�#��"	��B�.5��������
�		�

����������������	��������������	���
�>�Y�����������������!�#.@@(5�

����������"������������������:����������>����
�@.�@�����@B�.��4�Z����������

�
�.�.�����I�'��[������6	2O3�����������
�.�B�����I�+��[�����������	������������������

����������
���������������������
�	����

3.4.1.5. Spinel

Nine spinel group minerals were analysed, two as xenocrysts and 7 within 

:���	������Z
���������		�"������������	�����������>�9����
�����������>���"�������

$%�$�����)I�)�#
����$)�(5�����4���"�������)(�'�����@I�I�#
����(I�$����"	��B�.5��

X�����	����
�>����������4���#|����B�'5��		�>�9����
�����
�		��������������������������

��	���
�>�Y�����������������!�#.@@(5��Z��������	��������������>����
�+.�%�����

��4����
�.'�)�#��"	��B�.5�������������������4�9"������������������

|������B�'��6�4������>���������
��������������
�
��������	���������
�����|��	����
�
>�Y�����������������!�#.@@(5�
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3.4.1.6. Mg-Ilmenite

��������� �����9�	
������ ������� ����� ���������� ��� ���� :��������� ��
�	�� �����

���� �	
������� ����� >��� "������� 'B�)� ���� '@�.� #
���� '$�+5� ���� ��Z2 contents 

������"�������$.�B��[�����$B�@��[�#
����$B�.��[����"	��B�.5��������	���������

��
�	��������������!�
"��	���9����������	�������
�����"��������et al.�#%II'5������

Cr2O3����������
�		�"�������I�@��[�����B�(��[�#
����.�'��[5�������������������

�
���!�
"��	���������������������9!�
"��	������	
�������������		�������������«I�$��[�

Cr2O3�#������et al.��%II'5�

3.4.1.7. Other Minerals

����	�������"�����������������������
�����	��������	���M�	������
�	������������

�	�������������������	������������������	���"���������������������
�����	������	�!�	��

�����������8�	�������������"���������������������������������
�	��}�����	���M�	�����

�����������M"���������������	������������>����
�@I�@�����@.�(���������������������

TiO2�����������
�%�'�����%�)��[�

3.5.2. Trace Elements

3.5.2.1. Garnet

B�$�%�.�.��8�����������<������

��"	�� B�%� 	����� ���� ��������� ������� ���� �	�������:���� ������ �	�
���� ������

Chondrite-normalised REE plots for garnets and clinopyroxene are shown in 

|�������B�$��B�)�����B�+��4��������9���
�	��������#N5������������	��������

������

���>�Y�����������7���#.@@$5��

Considerable variability is observed in the chondrite normalised trace element 

patterns of the peridotitic garnets, however, a number of basic patterns types have 

"��������������#|����B�$5/������X�����������	��������������������������������	��������

the LREEN, peaking at NdN�� 
�		�����"����������� �	����� �������� ����>���N to 

minima at HoN or ErN and positive slopes in the HREEN to LuN�#|����B�$�5�������

XX��������������"���������� ����� ��������"9������������� XX��� �����������������������
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steep positive slopes in the LREEN from LaN to SmN�����W���>���N to HREEN 

���$9.I���
����������������	�����Z�����
�	������>���N and HREEN at 25 times 

������������"��������#|����B�$"5�������XX"��������������
�������������������������

positive slopes through the LREEN from LaN to SmN��W������������
��
�7
N to GdN, a 

negative slope down to TbN������W�������	����	������������	�����
��
��"N to LuN�#|����

B�$�5�������XX����������������������������������������	�����������������=���N from 

LaN to SmN, then negative slopes down to HoN followed by positive slopes up to 

LuN����������	��������N�����������������������	�#|����B�$�5�������XXX��	��������������

have steeply positive slopes from CeN to HoN������������:�
���	��W������������
��
�

HoN to LuN� #|���� B�$�5�� |��� ���� 
�\������ �
������ XXX� ��
�	��� =�N/CeN is greater 

�����������������X�������������������	���������������	����
��
�=�N to CeN with a 

negative slope to DyN and then a positive slope up to LuN�#|����B�$
5������	����������

���!	�����������	��������Z�����
�	��������W���������������������;'���
��������������

��	����#|����B�$�5��|������
�	������������
�	����#������	�����"�	������������5����

������	��V���!���������������������������������������X�_����	��������#�����B�$�5�

B�$�%�.�%����	�������������"����������������

The two analysed eclogitic garnets have “normal” REEN����������#|����B�)�5�

��

��	�� �"������� 
��� ��	������� �������� ���	������ #����� 7�����	� et al.�� %II'5��

LREEN are depleted with CeN������������������� �;I�.����������������������������

sloped pattern to enriched HREEN (LuN�¯�;$I5�#|����B�)�5��

The websteritic garnets have a variety of REEN patterns ranging from “normal” 

�����
����#|����B�)"5��7�
�	��%+�.���������
�	�������������� ������	��������������}�

depleted in LREEN, and an upward sloped pattern to enriched HREEN��7�
�	���%)�.�

����%@���������������9���
�	����������������
�	���������������XXX���������������������

with a steep positive slope from CeN to SmN������
���	��W�������������	������������

>���N- HREEN����<������@�B���������
��������������
�	������������"��������������

�����XX�������������������������������������������������������	����������������=���N 

from CeN to SmN, a slightly positive pattern from SmN to TbN  with a slight negative 

���W����	����
��
��"N to LuN�
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3.5.2.2. Clinopyroxene
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3.5.3. Clinopyroxene Pb Isotope Compositions
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A linear regression through the entire data set yields an apparent isochron age 

�
�%B$+�#�.@I9%.I5�>���K�����������������������"����������
����"�����������������

�������������������������������������	�����	�
��������������������	��������	����������

|������ B�+�� ��� ���� "�� 9� 8�����������
clinopyroxene chondrite normalised 
trace element plots, separated into the 
�����������	�
��������������
c - Chondrite normalised trace 
element plots for the two websteritic 
�	�������:����



69

���8"98"������������������������
�:����"�����������
�������������
���

���8"���

A mixing origin is strongly indicated by a plot of 206Pb/204Pb versus 1/Pb which 
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3.5.4. Geothermobarometry
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orthopyroxene and clinopyroxene and only values within narrow limits were 
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For application of the single crystal clinopyroxene geothermobarometer of Nimis 
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An additional problem encountered in our study is considerable disagreement 
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�����������
�
������
�4���	�#.@@@5�����\��������������������
������������
������

�
�	�����

��������
�"���
�������
"���������������������������������N��	���B(
�V
2 


���	��������
�#8�		��!�����4���
����.@++5����������
���
�!�
"��	�����
�	���
�����

>�:�
�
�����������
����������������)I!"���������������������������������
�;.@I!
�

#|����B�@5��7�
�	��	�������4�9��9�������838�"���
�����#<�z�����et al.��%II)5��	������	���


���
�
�#����������
������	���������"	�����5�����������������)I!"���������
�	����

����!����� �
� ���� 	����������� "������� ������� �
� ;� .@I!
� ��� )B%>�� ������� ��		�
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3.6. Discussion

3.6.1. Composition of the Eastern Superior SCLM
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3.6.2.1. Peridotitic Garnets

Peridotitic garnets display a range of chondrite normalised rare earth element 
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3.6.2.3. Evolution of the Lithospheric Mantle
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Previous research suggests that there is a transition from melt metasomatism 

#������	�
�������	���M�	������������5�����
�����
����
�"��4qZ�W�����#7�����	�et al., 

%II'5��7�����	�et al.�#%II'5��������
�	������W����
�����
����
��������
���������	�

��������
��������������	�4qZ�W���������	�����
��
����
������	������������"������


�	��������������	����������"�������������������	��������������������!��������"�������

metasomatism beneath Renard may thus represent a compositional continuum from 

melt metasomatism which evolves as it passes through the lithospheric mantle, to 

W����
�����
����
�

������*�9��9������� ��
���������� #4���	��.@@'}�.@@@5����\��������� ���� 	���	�

��	��9�������
� #|����B�@5� ��� ��� �����"	�� ��� ������������ ����������� ��� ���� ���	����
�


�����
����
�#|����B�.'5��|	����
�����
����
����
������������	��������������������

bracketing the graphite diamond transition, characterised by temperatures between 

~900-1100°C (with only one sample showing TNi� �������� _� ;.BIIo45�� K����� ���

����
�����������������
�����
��
��������	�������	���
����� 9̀����	��������
�������


������������������
�
�����
����
������
������������W����
�����
����
������������

be restricted to TNi�¬.III&4��|��������������:��"���W����
�����
����
������
�	��

|������ B�.'�� >���	� �������� ���� ������ �
� ���� �������� �

������ "�� ���� ��

������

�����
����������������



82


�����
����
��>�	��
�����
����
�����"���������� 	�������������������������������

by TNi between ~875-1350°C and hence pervasive throughout the entire lithosphere 
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3.6.3. Lead Isotopic Constraints on the Eastern Superior SCLM 
Formation 
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Depending on the origin of the clinopyroxenes two interpretations of the Pb-Pb 
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Archean subduction in the eastern Superior Province is recorded by the collision 

of the Abitibi-Opatica oceanic plateau with the composite Superior superterrane 
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3.7. Conclusions
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a minimum cratonic thickness of ~190km, which, combined with a syneruptive 
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4.1. Introduction

The Superior Craton of Eastern Canada is the largest known continuous region 
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derived xenoliths and xenocrysts provide information on the formation and history 
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the growth of diamonds, syngenetic mineral inclusions can be trapped and enclosed 

������� ���
� #q������� .@)(5�� 6�� ���
����� ���� ���
���		�� ������ ���	������� ����

protected from chemical alteration, preserving their original mantle signature during 
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Our study of diamonds from the Renard kimberlites complements previous 
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and nitrogen based thermometry was used to constrain the physical conditions 
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epigenetic mineral inclusions provided information on the composition and evolution 
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4.2. Geological Background

The Renard bodies are located within a 2km2 area in the northern Otish 

>����������
�3��"���#|����'�.5��(%I!
��������
�>������	��6������>�������
�4������

#����7���������Y��
����4����������5���������\���������������������7����
�X����

������������������������%II.������������	�������������������������!�
"��	�����������

=��������!������
�����������������$�����)�\������������������������������	������

��
���������)$����������������#|����Y.5��Z
�������������������
���������
��������	���

�����
���������������������������
����������/��������%��B��'�����@�

|������'�.��7�
�	��������	�����	�
����
�����7��������8��������������\������������
������������	���������
������������?�
"��	�����#����������������
��
������
��
/�
Hoffman, 1988; Card, 1990; Percival et al.��.@@%5�



100

�����������!�
"��	������	����
�����<�����X� #K��!����et al.��%II'}�|��M����	��

et al.��%II(5���������������
�����Z�����!�
"��	�������	��������������
�	���
��������

"�����������������*���������M����#)B.�)¥B�$�>��K��!����et al.��%II'/�)'I�$¥%�(>��

|��M����	��et al.��%II(5����������"����	�������	���������������������
��
���"��������


��
����
������
�����������������=���������#K��!����et al.��%II'5������!�
"��	���������

emplaced into Archean granitic and gneissic host rocks of the Opinaca Subprovince 
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4.3. Samples

Our study is based on a subset of 56 diamonds, strongly biased toward inclusion 
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Four from Renard 1; 15 from Renard 2; eight from Renard 3; 17 from Renard 4; and 
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4.4. Analytical Techniques

4.4.1. Inclusions
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The minor and major element composition of inclusions were measured by 

����	�����9����������� �������
����� #�Y75���� �� {�Z=�{�69(@II�7�������"�� ���

����������������
�6	"������7�	��������:��������
���	����������������������������	�����

���������������������������	����������	������
�%I!��������"��
����������
�%I�6��

Peak counting times for each element were 30-60 seconds with half the time on 
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4.4.2. Nitrogen Content and Aggregation State

The concentration and aggregation state of nitrogen impurities within the 
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spectra were collected for 200 seconds in transmittance mode for a range in wave 

number from 650 to 4000cm-1��6������������
�.II²
��������������� �����������	�

resolution was 4cm-1�
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normalisation of the absorbance at 1995cm-1����..�@'�
-1��������
�	���������������

also baselined and then, through a combined subtraction and normalisation procedure 

����	��������������XX����
�����������
����������������"������������
��������7�
�	��

�������� ����� ��9�����	����� ����� ����6�� K� ���� Y� ��
�������� "����� ��� ��
������

provided by David Fisher (Research Laboratories of the Diamond Trading Company, 
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on each diamond were completed in order to detect variations in the nitrogen content 
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relative errors for concentration and aggregation state for each measurement being 
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4.4.3. Carbon Isotopic Composition

The carbon isotopic composition of the diamonds was determined using 
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4.5. Results

4.5.1. Diamond Characteristics

4.5.1.1. Morphology 

The morphologies of the diamonds include primary octahedra and secondary 

�����"��� �������� �����������	� �������� 8�������
�
������� �������� ��������

differential resorption, indicating the diamond protruded from a xenolith during 
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comprising irregular intergrowth of two or more stones with no prominent twin line 
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Renard 2 analysed for this research, comprising 7% octahedra, 47% dodecahedra, 
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4.5.1.2. Colour 

The 56 Renard diamonds examined are colourless or exhibit either yellow or 
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by nitrogen impurities giving rise to N3 and N2 centres within diamond (Collins, 
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4.5.1.3. Surface Features 

The surface features observed on the 56 diamonds relate to the morphology of 
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Terracing and hillocks on dodecahedral faces are the most abundant surface 
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deformation lines are observed on 46% of the diamonds and are commonly associated 
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layers with both shield and serrate laminae; tetragons on {100} fracture faces; and, 
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Dark green spots were recognised on 23% of the samples and are particularly 
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spots result from defects in the diamond lattice caused by alpha particle irradiation, 

and as they have very low penetration depth, indicate prolonged contact with 
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4.5.2. Inclusions in Diamond 

4.5.2.1. Syngenetic Inclusions

'�$�%�.�.��Z	�����

Z	������ ��� ���� ��
������ 
�����	� ���	������ ������� ���� ������� ������� 7�:��9

�������	���������	����������������������
��
�.)����
�����������	������������>�9

��
"����#>��5���������
��
�@%�.����@'�B��������
�����
�@%�+�#|����'�B����"	��'�%5��

��������������������������������	��������#Ä|�5�������I�'9I�$�#�����.%IB)"�Ä|��I�B+��

.B$'+"�Ä�|��I�'$�����.B(I$��Ä|��I�'$5������
����
�		��"��������������	������


���� �
� 	���M�	����� ���� ���M"�������� ���
���� ���	������ �	������� #@%�.� ���� @B�%��

����������	�/������7�����	�����q�������%II(5�������������������������
�����
���
�	����
�

��!������	�!�	��
�:����������������#7�����	�����q�������%II(5����������������
���

statistically with a student t-test, by comparing the olivine inclusions with all three 
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et al., 1979; Clarke et al. 1994; Takechi et al. 2000; Henderson et al. 1999; Sharygin 

et al.�%II+5��������	�������������
����#K�	������et al.��.@(I����������������������

�������������
��\����������������	��������������������	!�	�������!��������������������

Cu (Dawson et al., 1992;1995; Henderson et al.��.@@@}�>�����		�.@@+5��

4.5.3. Nitrogen Concentration and Aggregation State

Due to the fact that it has an ionic radius that is similar to carbon, nitrogen is 

����
������"����������	��
�������������
�������������������������
�����������������

���
���������"����	���
��
�"�	����������������$$II�������
�#7�		������et al.��.@+@5��

"��� ����	�� �:����� .'II� ���� ��
� #7�����	� et al.�� %II@5�� Y��
����� ����� ��	�������

���	�������������		��������������������������������#
�����/�B+(�������
5���
������

�����������������
�	���#
�����/�+%�������
5�#��
��Y������et al.��.@(@}�7�����	��%II+5��

Y��
�������������
������"	����������������	����������������XX�����	���������

������������"	�������������������������	����������������X�������X����
�����
���"��

further subdivided based on the aggregation state of the nitrogen (Evans et al.��.@(.5��

X�����		��� ��������� ��"��������� ����� ���� ���
���� 	������� ��� ����	�� ���
��� Y��
�����

���������������������	����"���������������	����������������X"�������������������������

This is due to the high ambient temperatures in the Earth’s mantle which cause the 

����	����"��������������������������	������������������������
����������#6�������5�#�����

Taylor et al.��.@@)5��Y��
�������������������]@I[��
�����������������������6��������

�����	����������������X�6��Y����������������
���	�������������������������������
���

����������������������
�
�������
������������������������#K�������5�#Y�������.@+)}�

Evans et al.��.@(.5��Y��
�������������������]@I[��
�������������������K�������������

�	����������������X�K�������X�6K����
�������������������������"����������������

�������#.I9@I[��
�������������K��������5��>�����
����������
��������������"���"�����

peak at ~1370cm-1 associated with platelets (Evans et al.��.@(.}��������.@()5�

Renard diamonds have nitrogen contents ranging from below the detection limit 

���.).@�������
������������������
�.')�������
�#��"	��'�.��|����'�$5��
�		����"�������
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per stone were carried out, and variations within single diamond crystals average 

;)I�������
�"������������������;@II�������
��8����"	�������������������������
��
�

core to rim could not be assessed as nitrogen was measured on cleavage fragments 
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The remaining 51 diamonds contain measurable nitrogen in all fragments 
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geologically reasonable residence times, the aggregation state of nitrogen in diamonds 

may thus be used as a geothermometer (Evans and Harris, 1989; Taylor et al.��.@@I5��
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temperatures are fairly insensitive to the approximated residence time (Evans and 
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Nitrogen based time averaged mantle residence temperatures (Leahy and 

���	����.@@+5��������������
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�;.I'I9.%BIoC, with the majority of the samples 

falling between 1100-1200o4�#��"	��'�B��|����'�)5�������X�6����
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range of temperatures (~1040-1180o45����
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approximately span the entire temperature range (1065-1230o45�� ���� ���
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from all pipes, with the exception of pipe 4, have a bimodal distribution in nitrogen 
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4.6. Discussion

4.6.1. Diamondiferous SCLM
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4.6.2. Diamond Formation and Residence

4.6.2.1. Diamond Source Carbon
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progressive devolatilisation during subduction, driving their isotopic composition 
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4.6.2.2. Paleothermometry: From Nitrogen and Inclusions

The diamond nitrogen paleothermometry agree with worldwide peridotitic 
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Time averaged temperatures do not distinguish between storage at constant 

temperature and, for example, formation in a very hot environment, in which the 
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the relatively good co-variation in nitrogen concentration and aggregation state of 
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However, co-variation in nitrogen content and aggregation state is absent 
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minimal baseline correction, and as such the associated error was small, were 
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The large difference in aggregation state and determined nitrogen temperatures 

within individual diamonds likely relates to at least two distinct growth events and 
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aggregated analysis must be from the centre of the stone which has resided for 

the longest time period and/or at higher mantle temperatures, the less aggregated 
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4.6.3.1. SiO2 Inclusion Paragenesis
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peridotitic suite, consisting of abundant olivine and chromite, and lesser amounts of 
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coesite forms only ~1% of observed inclusions and the majority of these coesites are 

��	�������#+'[5�#7�����	�����q�������%II(5��Z�����	���	�������������������������	�����	��

�"���������������6���	��	�
����������������6�����	���#{������et al., 1989; Sobolev et 

al.��.@(@5����������<�����
��!�
"��	����������M��	��#7�"�	���et al.��.@@(5�

����	����134���	�����
�����<�����
�����
�����#���	������9%(�+®�������
����

���
������������������9.I®����9%I®/�7�"�	���et al., 1998; Kaminsky et al.��%III5�

��������������18O�97>Z���
����������������	�������#.I�%9.)�@®/�7���	M��et al.��%IIB5�

has been used to suggest that a subducted crustal component may have contributed 
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environment, consistent with little or no partial melting of the basaltic/eclogitic 
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An alternative hypothesis involves extreme carbonation of peridotitic sources, 
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olivine must be carbonated before free SiO2�������"	���6���
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assemblage of forsterite, orthopyroxene and clinopyroxene, at high enough pressures 

and with an excess of CO2, calcic magnesite and SiO2 can be formed by progressive 
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Such carbonation involves the addition of >30wt% of CO2 to the peridotite 
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Due to  a paucity of eclogitic inclusions at Renard, or a highly negative carbon 

isotopic signature, we propose the second hypothesis as the mechanism for coesite 
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would need to be occluded prior to complete elimination during source carbonation, 
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4.6.3.2. Epigenetic Inclusions

The presence of highly altered sulphide inclusions partially replaced by carbonate 

��������"�����"����������������������
�������	������������������	������"�������������
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For Renard diamonds, the immiscibility between sulphide and carbonate/
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Evidence for the involvement of alkali rich melts in processes surrounding the 
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4.7. Conclusions

Syngenetic inclusions in 33 diamonds from Renard indicate a predominantly 
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signature in the diamonds, and the presence of peridotitic inclusions with coesite 
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diamonds; this indicates multiple stages of diamond growth in a changing chemical 
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towards slightly 13C enriched isotopic compositions, as compared to typical mantle 
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therefore, is consistent with the observed predominantly peridotitic inclusion suite 
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from multiple events in a chemically changing environment from both reducing 
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CHAPTER 5

4Z*4=�7XZ*7

Extensive studies have focused on understanding the chemical composition of 
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diamond eclogite is far more prospective in terms of diamond potential, with in situ 
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temperatures to form and remain stable with respect to graphite, and has led to the 

assumption that primary diamond deposits reside in thick ancient lithospheric mantle 
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5.1 The Amazon Craton beneath the Carolina Kimberlite
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Triassic Carolina kimberlite a large scale heating event affected the underlying 
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5.2 The Superior Craton beneath the Renard Kimberlites 
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Using the nitrogen content and aggregation state of the diamond, time averaged 

mantle temperatures can be determined assuming an approximate age of mantle 
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were determined, with the majority falling between 1100 and 1200oC; which is 
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thermometry data are typical of worldwide diamond deposits (database of Stachel 

����q�������%II(5�

Projecting the results of inclusion thermometry (1110-1180o45�������������
���

B(
�V
2 model geotherm, indicates that the diamonds derive from a depth range 

�
�;.+$9%II!
�������
��
����������"�����
�����	������������8��\��������������������

thermometry data (1040-1230o45� ����� ���� ��
�� �������
� ������ �� ��
�	��� ������

�������
�.)I9%.I!
�
�����
�9��������������
���������������4�
"������	�����������

thickness and geothermal gradient indicates a large “diamond window” extending 
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The carbon isotopic distribution, therefore, is consistent with a predominantly 
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�����������������
������
�����
��
�����7���������

6"������� �������� ���
���� ���	������� ����� ����������� ������ ��� ������	�� ���

worldwide coesite forms only ~1% of observed inclusions (Stachel and Harris, 

%II(5�����	�������
�\������#+'[5��
�7�Z2 inclusions in other localities are thought 

���"��������
� �����	������� ������ #�����7���	M��et al.�� %IIB5�� ����������������������

�������������	��!��
���������	������������������#��������	������������	������������1345�

free SiO2 formed in peridotitic sources during progressive carbonation reactions 

#��		�������q������.@+)5��7�������"������������	���� ��������������
�]BI��[��
�

CO2�������������������#7�������������*������.@@B5�����������	����	���������������

localised regions of the lithosphere, such as along veins or as blocks of subducted 

���"�������������
����#7�������������*������.@@B5�����������"������������������

occurred during diamond growth, as SiO2 inclusions are present together with olivine 

������������
������Z	������
���������"�������	����������������
�	�����	�
��������

�����������������"��������

7����� ���� 
��
������� �� ��
"��� �
� 
�����
����� ������� ����� 
������� ����

	������������
���	�������	�����������������7��������4�����������
�����������������


��
� 
�	�� ���	��������� �

������� �������� 
��
� ���� ������� ������ ������ ��
�	����6��

initial “parental” metasomatising agent imparted a sloped chondrite normalised trace 

�	�
���� �������� ��� 4�9������� ���������6�� ���� 
�	�� 
�������� ������� �������� ����

	������������
���	�����������		�����	�������������������=���Vq����������V �̀����

imparted stepped and humped REEN�����������=��������������W����
�����
����
�

predominantly affected the shallower lithospheric mantle between 125 and 170km 

���������������W�������������������������������	����N�����������7�
�	��������������

�	��������#�����>�	!������et al.��%II+5�� ���
��������"���������������������
�������

enrichment events with previously depleted regions in the subcratonic lithospheric 



150


���	�� ��������
��������
���� 
��
�������K�������� ����� ��"�����
����
������ ����

�13C and the nitrogen content indicate they likely formed from a reducing (CH45����V

or oxidising (CO3
-2 or CO25�
�	�#�5VW���#�5}�������
��W��������	���	���"����������"	��


�������
�����
����
���������"������������	������
�����	��

���� 74=>� �
� ���� 7�������� ������� "������� ������� ��� ������	� 
��� ���������

	����������� ���	������� X�� ��������� ����� 
������"	�� ���
���� 
��
���� ������������
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Appendix A

SAMPLE PREPARATION

Diamond Crushing

The diamond samples are crushed in a steel breaker to release any inclusions 
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allowing larger cleavage fragments to be later analysed for nitrogen content and 
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Mounting of Material
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composed of 5 parts Araldite® D and 1 part Hardener, which is thoroughly mixed in 
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The inclusions are then placed on a hot plate at ~60o4� �����������6��� �������	�
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Mounting of Xenocrysts and Xenoliths

<�������������	���
�����������������"�����
���	�����#.���������
����5��	������

��	����������
�		�:���	���������:������������	������
������	���������������	��������

������	��������"�������	������	����"��������������6��
�		��������
�������������#;.

�

���
����5��������������������
�������������������������"��������������������"���������

����������������������������!���������������������	����������!���	������������"���

coated, and the colour should not vary from one grain mount to the next, else the coat 
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epoxy should be slowly dripped onto each grain to ensure that no air pockets are 
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Polishing of Grain Mounts and Inclusion Pips

After the grain mounts and pips have hardened the samples are polished on a 
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Appendix A

ELECTRON-PROBE MICROANALYSIS (EPMA)
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was also used for backscattered electron and secondary electron imagery, and to 
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Sample Preparation

Prior to analysis of the polished sample it is cleaned for ~5 minutes in an 
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calibration was deemed successful when the composition of secondary standards 
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As 80 40 Cu 40 20
�� 'I %I
Fe 20 10

140 315 200 360
36 40 20 84
176 355 220 444Total time Total time

>�������
� >�������
�
7�����
��� 7�����
���

PET crystal TAP crystal
Channel 1 Channel 2

Total time Total time Total time
7�����
��� 7�����
��� 7�����
���
>�������
� >�������
� >�������
�

Channel 3 Channel 4 Channel 5
PETH crystal TAP crystal LIFH crystal

��"	�� 6�%�� 7��������� ����� 
��� ��	�����V�:���� ���	������ ����� ���� ��������� �
� ����
"��!�������
������
�������	����������������!����������

��"	��6�B��{�Z=�{�69(@II�7�������"���������
�����������
�����	���������	�����

�	�
��� �9��� 7������� =���	��� 7����� ��
������ K<����� K<�����

Na Ka Albite Casedero, CA, USA U of A collection 0 3

8 ?� 6������ Y��������>�:��� 7
����������X���� {�����������%II% 9.�( .�$
4� ?� 4���
��� ���
�6���		������ %�$ %�$
7� ?� Y������� ��!�
��	���3K ���
�6���		������ I %
4� ?� Y������� ��!�
��	���3K ���
�6���		������ 9% %
|� ?� |���	��� ���!������>6 7
����������X���� {�����������%II% %�$ %�$
>� ?� |�@B ���
�6���		������ I B
>� ?� >�%ZB ��������� I .�$
*� ?� *��!�	 ��������� ���
�6���		������ 9.�$ .�$
? ?� Z�����	��� ���
�6���		������ 9.�+ .�+

Al Ka Pyrope Kakanui, New 
���	��� 7
����������X���� {�����������%II% 9%�) %

Ti Ka Rutile U of A collection 2 2
V Ka V metal U of A collection -3 3

Standards: Bgd positions:



159

��"	��6�'��7��������������
�����	���������	�������������������������
�����"��!�������

������
�������	����������������!����������

�	�
��� �9��� 7������� =���	��� 7����� ��
������ K<����� K<�����
As La Arsenopyrite U of A collection 0 3
4� ?� 4���
��� ���
�6���		������ %�$ %�$
Co Ka Cobalt Synthetic U of A collection -3 3
Cu Ka Copper Synthetic U of A collection -2 2
7� ?� Y������� ��!�
��	���3K ���
�6���		������ I %

>� ?� |�@B ���
�6���		������ I B
>� ?� >�%ZB ��������� 9% %
*� ?� *� ��������� ���
�6���		������ 9.�$ .�$

S Ka Pyrite K	��!�6���	��
Greenland ���
�6���		������ 9.�+ .�+

Fe Ka Pyrite K	��!�6���	��
Greenland ���
�6���		������ %�$ %�$

�� ?� 7���	����� ���
�6���		������ 9% %

Standards: Bgd positions:
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Appendix A

IN-SITU TRACE ELEMENT ANALYSIS

������ �	�
���� ���	����� ��� �������� ���� ��� ���� ����������� �
�6	"������� X�������

|���	��������
�����	����������� ���������
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Y�������"	��������W������#��������������5��
�;.I{V�
2�������$qM��������������������

������Y������������������������������V���������������������������������<=X����® 

(van Achterbergh et al.��%II.5�	������"	��������
������

���� *X7�� ).%� ��������� ��� ����� ��� ���� �:�����	� ��	�"������� ���������� �����

analysis is normalised to the calcium contents, determined by electron microprobe 
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����������������
����	����
����6��	�����	�

�����������������%��	���	��������"�������+�����'I[�#��	�����5��"������������		��"������

�����.I[����	��������������������].I[�����������	�
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�����������������	����	���

�"���������#������««.��
}���������������������q���������	�������:���5��

6��	�����	�����������
������������	�
������������������������������"�����������

analysis of two megacrystic garnet standards (PN1, PN2, Tappert et al.�%II$5��������

������������"������		�����������������
���������		��"�������������	�����	������������

#X*66�� 7X>7�� =69X48>75� ��� ������	� 	�"���������� ���	�9����� #����� 4���	� et al., 

2003; Tappert et al.��%II$5�����������
������
������
�������
��������������
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��������	��������:�����	����������"�	����#��	������������������������5���		������������
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Appendix A

PB-PB CLINOPYROXENE DATING PROCEDURE

X�9����� 8"� �������� ����� ���� �"������� ������ �� *�������� ��������� *�/ 6̀<�

�8%.B�	����������
�����	��������*�8	��
��>49X489>7�������
����������������������

�
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�|�����������������
��������������������
�����8"����������	���������������9�����

���	�����#�����7��
��"������et al.��%II+5���������������������	���������	�����������

����|������_
�	���	��������������#X45�#�¯B5���		������"	��!�#��"	��6�$5������	������

��������	���������������:�������	��
�����������������
��98"����������	����#�����

Schmidberger et al.��%II$}�7���	�M�et al.��%II+5��6������	����������������
�������		������

������������� ������� 	����� ���� X489>7� ������
���� �������������� ���� ��������� ���

Simonetti et al.�#%II$5��X��"���
��������
�	�9����	����
��
�����	������"	��������		����

‘y’-connected to the sample-out line from the desolvating nebuliser system (DSN-

.II�
��
�*��������
����5�����		���
�����
�	��������������������
�����	�����	���	������

#*X7��7�>�@@+�������������%[�q*Z35������	�����������������
�������������������
���

instrumental mass bias of the measured Pb isotope ratios (Longerich et al.��.@(+5��

Prior to the start of ablation, a 30 second on-peak baseline measurement is 

conducted in order to correct for the background 207Pb, 206Pb and 204Hg and 204Pb ion 

�����	���|�		������ �����������
� 	������"	������� �����������������������������������
�

�����9��������!9\�
������������}�������������������������������������
�	�������	��

measured are 207Pb, 206Pb, 205Tl, 204Pb, and 203�	���������������������������������	�	��

of measuring the 202Hg/204q�� ��������������������
� ���������������� ��������� ��� ���

primarily ensure the removal of any 204Hg produced during the ablation process 

using a 204Hg/202q���������
�I�%%@((�#���
����������	����.@@@5��Y����������������
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clinopyroxene grains are ablated in raster mode using a 320μm by 320μm area, with 

��������������
�.)I�
V�����%IqM����������������������;.${V�
2�W������

6�������������:�����	����������"�	���� �������������� �����������
��������������
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�	���	���"	��������
�����*X7��7�>�).'�������������	��	�������������������

������������������������������������8"���������������#%�B%��
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#�¯'5��
�����*X7��7�>�).'������������"	�����������������
�����	�����	�������������

for the clinopyroxene grains, indicate that the ‘per session’ external reproducibility 

#%��� [�7Y� _� ��	������ ��������� ���������5� 
��� 206Pb/204Pb and 207Pb/204Pb ratios is 

"�����������.[�#
���)���������5������8"V8"���������"�����������������	����������.[��
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���������������	����
���*X7��7�>�).'��

6��� ��	��	������� ���� ���
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��� ������ ���� X���	��� �������� B�II� ��
������

#=�������%IIB5���������		�����������������%��	���	��
�������������

��"	��6�$��4�������������
�������		������"	��!�
���8"98"����	�����#7�
�������et al., 
%II$5�

��9q q) q$ q' qB q% q. 6� =. =% X4I X4. =B X4% ��9=
|��� |��� |��� |��� |��� |��� |��� |��� |��� |��� X�4� X�4� |��� X�4� |���
238U 235U - - - - - - - - 207Pb 206Pb 205Tl 204Pb 203Tl

204Hg 202Hg
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Appendix A

FOURIER TRANSFORM INFRARED (FTIR) SPECTROMETRY

|�X���������
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of wave number from 650 to 4000cm-1�������������	�����	���������'�
-1�����������
�

is purged with a dry nitrogen-oxygen mix to maintain a stable environment, and 
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Analyses are performed on fragments of broken diamonds which are cleaned 
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each diamond are performed in order to detect variations in the nitrogen content and 
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|������6�%��Y������	������������
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��������X�6����
������������
���������������
by David Fisher (Research Laboratories of the Diamond Trading Company, 
>������������?5�
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� �� ����� X�6K� ���
���� ������ ��
������
provided by David Fisher (Research Laboratories of the Diamond Trading Company, 
>������������?5�
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|������6�'���Y������	������������
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������������
���������������
by David Fisher (Research Laboratories of the Diamond Trading Company, 
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Appendix A

CARBON STABLE ISOTOPE ANALYSIS

The stable isotopic composition was determined at the University of Alberta 
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inclusion and graphite free, and cleaned in an ultrasonic bath of petrol ether if 
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into CO2 gas, the tubes are placed in an oven set to 980o4��������	������"��������������
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the sample gas volume is measured to ensure there has been complete combustion of 
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Grain loc. TiO2 SiO2 K2O Na2O FeO Cr2O3 Al2O3 CaO MgO MnO NiO Total
cad6-1 conc 0.13 53.22 0.01 1.95 2.87 1.42 2.89 19.88 16.29 0.11 0.04 98.90
cad6-2 conc 0.10 53.55 0.00 1.85 2.71 1.85 1.92 20.43 16.41 0.12 0.04 99.03
cad6-3 conc 0.32 52.82 0.00 1.76 3.09 1.02 2.69 20.92 15.98 0.09 0.05 98.78
cad6-4 conc 0.27 52.75 0.01 1.82 3.71 1.03 2.57 20.36 16.11 0.10 0.03 98.82
cad6-5 conc 0.25 53.18 0.00 1.96 2.97 1.24 2.98 20.26 15.84 0.10 0.05 98.89
cad6-6 conc 0.23 53.39 0.01 1.58 3.04 1.84 1.28 20.61 16.48 0.13 0.05 98.67
cad6-7 conc 0.27 53.14 0.00 2.42 3.19 1.07 3.31 19.67 15.55 0.09 0.04 98.80
cad6-8 conc 0.08 53.05 0.01 2.17 2.58 2.21 2.77 19.97 15.93 0.10 0.05 98.96
cad6-9 conc 0.25 53.05 0.00 1.84 3.10 1.10 2.80 20.57 15.90 0.09 0.04 98.82
cad6-10 conc 0.22 53.17 0.01 1.56 4.61 0.58 1.89 20.68 15.98 0.14 0.03 98.91
cad6-11 conc 0.11 53.65 0.01 2.47 2.99 1.41 3.00 19.30 15.36 0.13 0.04 98.53
cad6-12 conc 0.27 53.03 0.00 2.08 2.82 1.13 3.17 20.96 15.17 0.07 0.03 98.81
cad6-13 conc 0.32 53.04 0.00 1.88 2.91 0.93 3.10 21.10 15.39 0.09 0.04 98.87
cad6-14 conc 0.17 53.26 0.00 1.46 3.81 1.50 1.29 20.94 16.14 0.15 0.04 98.82
cad6-15 conc 0.24 53.38 0.01 1.70 2.99 2.09 1.29 20.61 16.38 0.13 0.05 98.91
cad6-16 conc 0.11 53.17 0.00 1.66 2.59 1.36 2.47 21.30 15.90 0.09 0.04 98.77
cad6-17 conc 0.34 53.34 0.00 2.15 3.04 1.12 3.19 19.95 15.81 0.09 0.05 99.12
cad6-18 conc 0.20 53.32 0.00 1.91 3.25 0.91 3.24 20.74 15.31 0.10 0.04 99.07
cad6-19 conc 0.23 53.24 0.00 1.72 3.16 1.00 2.69 20.87 15.90 0.09 0.04 99.00
cad6-20 conc 0.18 53.24 0.01 1.61 3.92 0.98 2.21 21.22 15.70 0.12 0.03 99.26
cad6-21 conc 0.21 55.69 0.00 0.15 5.33 0.79 1.61 1.09 33.66 0.16 0.12 98.80
cad6-22 conc 0.20 53.51 0.01 2.02 2.95 1.12 3.06 20.09 15.76 0.08 0.03 98.88
cad6-23 conc 0.20 53.24 0.01 2.26 3.02 1.49 3.04 19.50 15.51 0.09 0.06 98.49
cad6-24 conc 0.10 53.57 0.02 1.73 2.46 1.88 2.27 20.46 16.57 0.10 0.05 99.25
cad6-25 conc 0.29 53.46 0.00 2.06 2.94 1.19 2.96 20.48 15.57 0.08 0.05 99.14
cad6-26 conc 0.15 53.27 0.00 1.84 2.84 1.49 2.59 20.68 16.10 0.08 0.05 99.14
cad6-27 conc 0.16 53.63 0.01 1.89 3.22 1.26 2.67 20.50 15.81 0.10 0.04 99.32
cad6-28 conc 0.09 54.08 0.01 1.69 2.64 1.62 2.18 20.38 16.59 0.10 0.05 99.47
cad6-29 conc 0.38 53.42 0.02 1.49 2.73 1.57 2.38 20.21 17.10 0.11 0.05 99.51
cad6-30 conc 0.11 53.69 0.00 1.30 3.41 1.34 0.73 22.38 16.14 0.12 0.03 99.29
cad6-31 conc 0.13 52.72 0.02 1.52 2.96 1.18 2.45 21.84 15.84 0.10 0.04 98.83
cad6-32 conc 0.30 53.74 0.00 2.45 3.15 1.05 3.52 19.40 15.36 0.09 0.04 99.16
cad6-33 conc 0.55 52.37 0.00 2.29 2.01 1.37 5.11 21.27 14.19 0.08 0.03 99.32
cad6-34 conc 0.34 52.89 0.00 2.32 2.83 1.15 4.14 20.82 14.59 0.07 0.04 99.24
cad6-35 conc 0.29 53.36 0.00 2.09 2.99 1.31 3.09 20.22 15.78 0.10 0.05 99.32
cad6-36 conc 0.20 53.52 0.00 1.17 3.49 0.90 1.41 22.16 16.26 0.12 0.04 99.30
cad6-37 conc 0.31 53.48 0.01 2.11 3.26 0.90 3.06 20.14 15.66 0.10 0.04 99.13
cad6-38 conc 0.23 53.62 0.00 1.77 3.52 1.08 2.41 21.18 15.67 0.08 0.04 99.66
cad6-39 conc 0.03 53.77 0.00 1.61 2.46 1.71 2.26 20.94 16.33 0.11 0.03 99.32
cad6-40 conc 0.16 53.46 0.00 2.14 2.99 1.23 3.06 20.35 15.67 0.11 0.04 99.24
cad6-41 conc 0.31 53.45 0.01 1.91 2.81 1.05 2.77 20.56 15.91 0.09 0.05 99.01
cad6-42 conc 0.20 53.66 0.00 1.89 2.51 1.87 2.70 20.27 16.21 0.11 0.05 99.51
cad6-43 conc 0.24 53.58 0.01 1.71 3.06 1.03 2.91 19.97 16.75 0.10 0.06 99.46
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cont.
Grain loc. TiO2 SiO2 K2O Na2O FeO Cr2O3 Al2O3 CaO MgO MnO NiO Total

cad6-44 conc 0.21 53.87 0.00 1.91 3.10 0.93 2.73 20.35 15.95 0.10 0.04 99.24
cad6-45 conc 0.15 53.55 0.00 1.47 3.52 1.24 1.93 21.64 15.72 0.12 0.04 99.41
cad6-46 conc 0.29 53.48 0.01 2.11 2.84 2.18 2.79 19.74 15.96 0.12 0.05 99.60
cad6-47 conc 0.12 53.90 0.01 1.83 2.76 1.33 2.25 20.85 16.30 0.11 0.05 99.54
cad6-48 conc 0.22 53.41 0.00 2.10 3.06 1.15 2.91 20.68 15.67 0.10 0.03 99.39
cad6-49 conc 0.17 53.62 0.00 2.15 2.78 1.50 2.73 20.37 15.89 0.09 0.04 99.40
cad6-50 conc 0.11 55.99 0.00 0.12 5.12 0.74 1.63 1.64 33.71 0.14 0.12 99.33
cad6-51 conc 0.24 53.97 0.01 2.34 3.26 1.10 3.16 19.46 15.70 0.12 0.05 99.46
cad6-52 conc 0.14 53.89 0.00 1.80 2.78 1.03 2.53 21.26 16.05 0.10 0.04 99.64
cad6-53 conc 0.18 53.73 0.00 1.87 3.30 1.03 2.64 20.66 16.06 0.11 0.04 99.67
cad6-54 conc 0.17 54.05 0.01 1.99 2.69 1.25 2.54 20.57 16.08 0.10 0.04 99.53
cad6-55 conc 0.23 53.89 0.00 1.87 2.92 1.02 2.85 20.64 16.16 0.10 0.05 99.79
cad6-56 conc 0.28 53.56 0.00 1.42 3.69 0.95 1.88 20.89 16.47 0.13 0.04 99.37
cad6-57 conc 0.08 53.85 0.00 2.01 2.78 1.71 2.67 19.99 16.20 0.10 0.05 99.49
cad6-58 conc 0.10 53.50 0.01 1.70 3.26 1.50 1.84 20.68 16.38 0.12 0.04 99.17
cad6-59 conc 0.22 53.66 0.00 1.87 2.75 1.42 2.74 20.40 16.12 0.09 0.05 99.39
cad6-60 conc 0.36 53.50 0.00 2.21 3.01 1.13 3.02 19.90 15.89 0.10 0.05 99.26
cad6-61 conc 0.08 53.96 0.01 1.92 2.77 1.66 2.31 20.17 16.30 0.12 0.04 99.41
cad6-62 conc 0.19 53.86 0.00 1.91 2.90 1.51 2.56 20.94 15.88 0.11 0.03 99.94
cad6-63 conc 0.09 53.76 0.01 2.06 2.73 2.00 2.60 19.95 15.95 0.10 0.05 99.34
cad6-64 conc 0.30 53.39 0.00 1.54 3.39 1.42 2.19 20.39 16.51 0.12 0.04 99.37
cad6-65 conc 0.26 54.00 0.00 1.47 2.78 1.72 1.37 21.42 16.47 0.10 0.04 99.68
cad6-66 conc 0.24 54.20 0.01 1.77 3.26 0.94 2.92 18.49 17.41 0.12 0.06 99.45
cad6-67 conc 0.18 53.82 0.00 2.11 3.27 1.26 2.99 20.22 15.63 0.13 0.03 99.66
cad6-68 conc 0.15 54.20 0.00 2.15 2.57 2.20 2.68 18.69 16.06 0.09 0.05 98.87
cad6-69 conc 0.22 54.23 0.01 2.12 2.59 2.39 2.70 18.34 16.36 0.09 0.04 99.13
cad6-70 conc 0.31 54.16 0.00 2.08 2.87 1.21 2.95 18.94 16.07 0.08 0.04 98.76
cad6-72 conc 0.07 53.48 0.01 1.24 1.76 1.00 3.48 21.59 16.11 0.09 0.04 98.90
cad6-73 conc 0.16 54.13 0.00 1.75 3.75 1.23 2.34 19.30 16.06 0.11 0.04 98.91
cad6-74 conc 0.26 54.38 0.00 1.97 2.64 1.37 2.95 18.80 16.59 0.10 0.05 99.14
cad6-75 conc 0.17 53.62 0.02 1.48 2.84 1.14 2.66 20.18 16.39 0.09 0.04 98.68
cad6-76 conc 0.23 54.16 0.01 1.92 2.63 1.34 2.80 19.14 16.51 0.08 0.06 98.92
cad6-77 conc 0.22 54.32 0.01 1.93 3.12 1.36 2.31 19.65 15.86 0.08 0.05 98.95
cad6-78 conc 0.24 54.29 0.00 1.84 2.41 1.28 2.92 20.05 15.77 0.08 0.05 98.99
cad6-79 conc 0.17 54.52 0.01 1.99 3.47 1.49 2.66 18.53 16.28 0.11 0.04 99.29
cad6-80 conc 0.12 54.38 0.01 1.98 2.62 1.78 2.72 18.51 16.31 0.11 0.04 98.63
cad6-81 conc 0.18 54.16 0.00 1.86 2.48 1.72 2.52 19.94 15.90 0.07 0.04 98.91
cad6-82 conc 0.20 54.34 0.01 2.20 2.58 2.38 2.90 18.11 16.33 0.10 0.04 99.24
cad6-83 conc 0.19 54.06 0.01 1.83 2.85 1.30 2.82 19.95 15.70 0.08 0.04 98.85
cad6-84 conc 0.11 54.75 0.01 2.20 2.93 1.62 2.43 19.02 16.14 0.10 0.04 99.39
cad6-85 conc 0.19 54.11 0.00 1.73 3.08 1.23 2.36 19.96 16.18 0.09 0.04 99.00
cad6-86 conc 0.12 54.56 0.01 2.00 2.79 1.33 2.90 18.73 16.54 0.09 0.05 99.16
cad6-87 conc 0.13 54.32 0.00 1.88 2.86 1.31 2.86 18.62 16.57 0.08 0.05 98.72
cad6-89 conc 0.25 54.24 0.00 1.90 2.83 1.21 2.87 19.11 16.29 0.08 0.04 98.88
cad6-90 conc 0.15 54.90 0.00 1.99 2.66 1.62 2.59 18.77 16.42 0.09 0.04 99.29
cad6-91 conc 0.30 54.33 0.01 1.97 3.02 1.12 3.10 18.36 16.46 0.10 0.05 98.85
cad6-92 conc 0.32 54.15 0.00 2.22 2.41 0.87 3.64 19.52 15.38 0.05 0.04 98.68
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cont.
Grain loc. TiO2 SiO2 K2O Na2O FeO Cr2O3 Al2O3 CaO MgO MnO NiO Total

cad6-93 conc 0.33 54.07 0.03 1.14 2.97 1.22 2.36 18.03 18.44 0.11 0.07 98.80
cad6-94 conc 0.40 54.15 0.02 1.27 3.12 1.12 2.46 18.25 18.00 0.11 0.05 98.98
cad6-95 conc 0.34 54.30 0.00 2.12 3.05 1.11 3.09 18.92 16.05 0.07 0.05 99.16
cad6-96 conc 0.09 54.47 0.01 2.21 2.42 2.07 2.77 18.63 16.07 0.09 0.03 98.88
cad6-97 conc 0.09 54.42 0.01 1.76 3.20 1.61 1.89 18.98 16.60 0.10 0.04 98.76
cad8-2 conc 0.23 53.89 0.00 2.83 3.27 1.30 4.05 19.66 15.07 0.10 0.04 100.50
cad8-8 conc 0.26 54.28 0.00 2.57 3.20 1.05 3.79 20.12 15.70 0.09 0.03 101.14
cad8-10 conc 0.07 53.47 0.00 1.02 2.38 1.42 1.89 22.96 16.91 0.08 0.06 100.28
cad8-11 conc 0.27 53.35 0.00 1.80 3.32 0.67 2.78 21.04 15.94 0.10 0.04 99.34
cad8-12 conc 0.32 53.19 0.00 2.25 2.76 1.27 3.78 21.45 14.85 0.06 0.03 100.04
cad8-15 conc 0.09 53.06 0.00 2.44 2.52 2.30 3.07 19.54 15.56 0.09 0.05 98.77
cad8-16 conc 0.13 53.61 0.01 1.67 3.13 1.52 2.14 21.39 16.14 0.09 0.04 99.94
cad8-17 conc 0.24 53.99 0.00 3.06 3.15 1.15 4.56 18.54 14.61 0.09 0.04 99.51
cad8-19 conc 0.24 53.56 0.01 2.03 2.58 1.58 2.76 21.25 15.47 0.07 0.04 99.65
cad8-21 conc 0.15 53.16 0.00 1.70 2.70 1.18 2.53 21.99 15.56 0.07 0.04 99.15
cad8-22 conc 0.06 54.16 0.01 2.19 2.58 2.22 2.87 19.89 15.96 0.08 0.04 100.10
cad C1-1 core 0.02 54.07 0.04 1.22 2.85 0.95 1.37 20.83 17.58 0.08 0.05 99.11
cad-C1-2 core 0.26 53.63 0.00 1.04 3.08 1.35 1.00 20.97 17.43 0.09 0.05 98.94
cad-C1-3 core 0.28 54.11 0.02 1.59 3.27 1.28 1.56 19.41 17.36 0.09 0.04 99.05
cad-C1-4 core 0.12 54.01 0.02 2.24 2.95 2.23 2.08 18.96 16.11 0.10 0.04 98.92
cad-C1-5 core 0.28 53.99 0.04 1.76 3.39 1.19 1.86 19.18 17.02 0.07 0.05 98.86
cad-C1-6 core 0.16 53.58 0.02 2.00 2.45 1.59 2.18 19.93 16.18 0.08 0.04 98.29
cad-C1-7 core 0.17 54.08 0.02 1.99 2.53 1.70 2.20 19.90 16.15 0.07 0.05 98.89
cad-C1-8 core 0.18 54.48 0.02 1.56 3.48 1.13 1.25 19.97 16.95 0.12 0.05 99.26
cad-C1-9 core 0.17 54.37 0.03 2.00 2.45 1.59 2.25 19.88 16.15 0.08 0.04 99.07
cad-C1-10 core 0.27 53.87 0.03 1.59 3.35 1.31 1.61 19.51 17.18 0.11 0.05 98.91
cad-C1-11 core 0.22 53.77 0.01 1.41 3.39 1.87 0.87 20.46 16.59 0.09 0.06 98.76
cad-C1-12 core 0.14 54.37 0.02 1.88 3.06 1.09 2.17 19.32 16.66 0.12 0.05 98.93
cad-C1-13 core 0.15 53.95 0.02 2.00 2.86 2.95 0.99 19.42 16.41 0.10 0.04 98.94
cad-C1-14 core 0.33 53.92 0.02 1.53 3.14 1.82 1.16 19.26 17.59 0.09 0.05 98.95
cad-C1-15 core 0.22 54.16 0.02 2.22 2.62 1.92 2.25 18.83 16.51 0.12 0.05 98.99
cad-C1-16 core 0.16 54.08 0.01 2.02 3.25 2.29 1.31 19.00 16.43 0.10 0.04 98.75
cad-C1-17 core 0.24 54.06 0.02 2.12 3.11 1.56 2.20 18.32 16.97 0.10 0.06 98.82
cad-C2-5 core 0.12 54.57 0.02 1.47 2.38 1.25 1.69 21.02 16.69 0.08 0.05 99.41
cad-C2-6 core 0.10 54.53 0.01 1.92 2.97 1.35 2.04 19.46 16.55 0.07 0.04 99.09
cad-C2-7 core 0.15 54.03 0.08 1.32 3.41 1.91 0.69 20.04 17.03 0.11 0.05 98.86
cad-C2-1 core 0.11 54.38 0.03 1.46 2.33 1.23 1.74 21.21 16.78 0.05 0.05 99.41
cad-C2-2 core 0.11 55.11 0.04 1.50 2.35 1.20 1.78 20.92 16.79 0.07 0.04 99.95
cad-C2-3 core 0.16 54.34 0.02 1.85 2.97 1.49 1.90 19.76 16.35 0.09 0.04 99.04
cad-C2-4 core 0.11 55.09 0.01 1.60 2.84 1.40 1.54 20.66 16.87 0.08 0.04 100.29
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Grain Gnt loc. SiO2 TiO2 Al2O3 Cr2O3 FeO MnO NiO MgO CaO Na2O Total
cad-C3-10 G9 core 41.89 0.19 20.69 3.55 8.29 0.42 0.01 19.85 5.13 0.04 100.11
cad-C3-11 G9 core 41.94 0.31 20.59 3.33 7.62 0.38 0.01 20.99 4.51 0.07 99.81
cad-C3-12 G9 core 41.92 0.19 20.76 3.53 8.28 0.43 0.01 19.83 5.23 0.05 100.28
cad-C3-13 G9 core 42.00 0.32 21.66 1.69 7.90 0.37 0.01 21.00 4.60 0.04 99.63
cad-C3-14 G9 core 41.76 0.19 20.76 3.54 8.28 0.42 0.01 19.90 5.19 0.04 100.14
cad-C3-15 G3D core 40.81 0.24 22.74 0.03 16.38 0.31 0.00 13.03 7.24 0.13 100.98
cad-C3-16 G9 core 42.16 0.10 21.28 3.14 7.67 0.38 0.01 20.85 4.42 0.06 100.17
cad-C3-17 G9 core 42.10 0.14 19.89 4.44 7.11 0.31 0.01 20.77 5.08 0.04 99.95
cad-C3-18 G3D core 40.77 0.24 22.98 0.04 16.41 0.32 0.01 13.03 7.11 0.11 101.10
cad-C3-19 G3D core 40.97 0.24 23.01 0.05 15.66 0.28 0.01 13.93 6.72 0.13 101.06
cad-C3-20 G4D core 41.68 0.27 23.11 0.08 11.57 0.32 0.01 17.54 5.70 0.11 100.52
cad-C3-21 G3D core 40.62 0.26 22.80 0.04 17.97 0.35 0.01 11.78 7.33 0.13 101.35
cad-C3-22 G9 core 42.15 0.23 20.40 4.11 6.85 0.32 0.00 21.02 4.95 0.04 100.12
cad-C3-23 G9 core 42.16 0.20 21.40 2.85 7.37 0.34 0.00 21.09 4.62 0.04 100.12
cad-C3-24 G9 core 42.04 0.31 21.75 2.50 6.89 0.34 0.01 21.52 4.20 0.07 99.69
cad-C5-10 G9 core 41.68 0.15 20.66 3.82 8.59 0.48 0.00 19.80 4.89 0.05 100.23
cad-C5-11 G3D core 40.91 0.25 23.31 0.04 16.20 0.29 0.00 13.88 6.35 0.13 101.46
cad-C5-15 G9 core 42.09 0.12 21.62 2.91 7.53 0.35 0.01 20.87 4.57 0.04 100.18
cad-C5-16 G9 core 42.10 0.12 21.34 3.25 7.68 0.39 0.01 20.87 4.34 0.06 100.25
cad-C5-19 G9 core 42.07 0.12 21.75 2.42 7.90 0.37 0.00 20.47 4.56 0.04 99.76
cad-C5-20 G9 core 41.65 0.17 20.76 3.45 8.17 0.43 0.00 19.75 5.03 0.04 99.52
cad-C5-21 G9 core 41.71 0.19 20.75 3.52 8.28 0.41 0.01 19.48 5.13 0.04 99.56
cad-C5-22 G9 core 41.83 0.12 21.56 2.41 7.87 0.38 0.01 20.51 4.52 0.04 99.28
cad-C5-23 G9 core 41.81 0.20 20.79 3.54 8.33 0.42 0.01 19.43 5.11 0.04 99.71
cad-C5-24 G9 core 41.32 0.25 20.41 3.63 8.07 0.39 0.01 20.01 4.73 0.06 98.92
cad-C5-25 G9 core 41.80 0.14 21.73 2.39 7.84 0.37 0.00 20.46 4.49 0.03 99.30
cad-C5-29 G3D core 40.40 0.21 22.64 0.03 16.29 0.30 0.00 13.79 6.15 0.13 100.01
cad-C5-3 G3D core 40.56 0.26 22.82 0.05 17.01 0.30 0.01 11.37 8.45 0.12 101.02
cad-C5-30 G9 core 41.53 0.18 20.92 3.48 8.27 0.42 0.00 19.77 5.18 0.04 99.84
cad-C5-31 G9 core 41.38 0.19 20.80 3.50 8.31 0.43 0.00 19.60 5.13 0.04 99.43
cad-C5-33 G9 core 41.30 0.13 19.71 4.81 7.53 0.42 0.00 19.91 5.31 0.03 99.21
cad-C5-34 G9 core 41.84 0.17 20.62 3.80 7.29 0.38 0.01 20.72 4.69 0.06 99.67
cad-C5-35 G9 core 42.24 0.20 22.56 1.25 7.77 0.39 0.01 21.15 4.11 0.05 99.80
cad-C5-36 G3D core 41.39 0.30 22.84 0.05 12.46 0.33 0.00 16.51 6.36 0.09 100.39
cad-C5-37 G9 core 41.80 0.31 20.89 3.40 7.56 0.36 0.00 20.86 4.48 0.07 99.78
cad-C5-38 G9 core 41.82 0.30 20.86 3.37 7.59 0.37 0.01 20.90 4.45 0.07 99.76
cad-C5-39 G9 core 41.73 0.17 21.12 3.43 8.17 0.43 0.01 19.83 5.02 0.04 99.99
cad-C5-40 G3D core 41.40 0.30 23.10 0.04 12.52 0.33 0.00 16.33 6.43 0.09 100.61
cad-C5-41 G3D core 41.26 0.31 23.08 0.05 12.53 0.32 0.01 16.35 6.33 0.09 100.41
cad-C5-42 G9 core 41.92 0.18 21.26 3.52 8.30 0.42 0.01 19.78 5.06 0.05 100.53
cad-C5-43 G9 core 41.79 0.20 21.24 3.52 8.31 0.43 0.00 19.74 5.09 0.04 100.41
cad-C5-44 G9 core 41.78 0.19 21.16 3.52 8.23 0.44 0.00 19.83 5.08 0.04 100.33
cad-C5-45 G4D core 40.63 0.28 22.84 0.15 18.84 0.35 0.00 14.18 3.79 0.12 101.25
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cont.
Grain Gnt loc. SiO2 TiO2 Al2O3 Cr2O3 FeO MnO NiO MgO CaO Na2O Total

cad-C5-46 G9 core 41.73 0.16 21.17 3.46 8.19 0.41 0.01 19.82 4.99 0.04 100.05
cad-C5-48 G9 core 41.99 0.12 21.91 2.43 7.85 0.37 0.01 20.68 4.50 0.04 99.94
cad-C5-49 G9 core 41.79 0.18 20.79 3.56 8.32 0.43 0.01 19.62 5.08 0.04 99.86
cad-C5-5 G9 core 41.74 0.11 20.87 3.77 8.22 0.44 0.00 19.41 5.28 0.03 99.92
cad-C5-50 G9 core 41.44 0.19 20.71 3.50 8.27 0.42 0.00 19.80 5.09 0.04 99.52
cad-C5-51 G3D core 40.53 0.24 22.65 0.02 16.58 0.31 0.01 13.29 6.51 0.11 100.32
cad-C5-52 G1 core 41.79 0.62 21.36 1.86 8.53 0.32 0.00 20.64 4.21 0.09 99.46
cad-C5-53 G9 core 41.98 0.31 20.71 3.27 7.63 0.37 0.01 20.90 4.45 0.07 99.76
cad-C5-54 G9 core 41.70 0.12 20.11 4.17 8.01 0.41 0.00 20.14 4.86 0.05 99.68
cad-C5-55 G9 core 41.47 0.18 20.65 3.49 8.30 0.43 0.01 19.62 5.01 0.04 99.24
cad-C5-56 G9 core 41.71 0.14 21.48 2.43 7.85 0.38 0.00 20.38 4.49 0.04 98.93
cad-C5-57 G3D core 40.02 0.28 22.40 0.02 18.54 0.33 0.00 10.41 8.37 0.14 100.55
cad-C5-58 G9 core 41.53 0.17 20.85 3.51 8.24 0.43 0.00 19.77 5.06 0.03 99.64
cad-C5-59 G9 core 41.63 0.14 21.69 2.43 7.90 0.37 0.00 20.53 4.52 0.04 99.29
cad-C5-6 G3D core 40.65 0.24 22.77 0.04 16.88 0.31 0.01 11.44 8.47 0.13 100.99
cad-C5-61 G9 core 41.51 0.20 20.69 3.58 8.29 0.42 0.01 19.67 5.11 0.04 99.57
cad-C5-64 G9 core 41.51 0.10 20.61 3.93 7.74 0.42 0.01 19.98 4.84 0.04 99.21
cad-C5-65 G4D core 41.23 0.27 23.08 0.07 11.48 0.34 0.01 17.52 5.50 0.10 99.69
cad-C5-67 G9 core 41.51 0.10 20.52 4.02 7.74 0.40 0.01 20.12 4.90 0.03 99.41
cad-C5-68 G3D core 40.30 0.26 22.69 0.04 18.03 0.34 0.01 11.85 7.17 0.12 100.87
cad-C5-69 G3D core 39.96 0.24 22.54 0.06 16.89 0.31 0.00 11.43 8.26 0.12 99.88
cad-C5-7 G9 core 42.08 0.16 20.00 4.55 7.07 0.31 0.01 20.79 5.05 0.06 100.15
cad-C5-72 G3D core 40.15 0.17 22.67 0.02 16.92 0.36 0.01 11.72 7.85 0.11 100.06
cad-C5-74 G3D core 40.49 0.24 22.71 0.05 16.03 0.29 0.00 13.64 6.19 0.12 99.86
cad-C5-76 G3D core 39.97 0.23 22.48 0.05 17.94 0.35 0.00 11.63 7.05 0.15 99.92
cad-C5-78 G3D core 40.00 0.25 22.66 0.04 17.11 0.32 0.01 11.28 8.18 0.13 100.07
cad-C5-79 G4 core 41.56 0.28 23.09 0.24 9.53 0.33 0.00 20.21 3.74 0.06 99.12
cad-C5-8 G3D core 40.89 0.22 23.04 0.04 16.59 0.32 0.00 13.40 6.46 0.12 101.14
cad-C5-80 G3D core 40.08 0.17 22.72 0.04 16.93 0.34 0.00 11.74 7.73 0.11 99.93
cad-C5-81 G3D core 40.09 0.24 22.73 0.06 16.82 0.31 0.01 11.42 8.15 0.12 100.02
cad-C5-82 G3D core 40.55 0.22 22.99 0.04 16.33 0.31 0.00 12.93 6.95 0.13 100.54
cad-C5-83 G9 core 41.94 0.10 20.96 3.83 7.80 0.41 0.00 20.14 4.83 0.03 100.10
cad-C6-12 G9 core 40.76 0.07 18.47 5.77 7.78 0.41 0.01 18.72 5.97 0.03 98.05
cad-C6-13 G9 core 41.17 0.17 20.38 3.44 8.21 0.42 0.01 19.29 5.00 0.04 98.18
cad-C6-16 G9 core 41.05 0.16 20.41 3.40 8.09 0.42 0.01 19.38 5.03 0.03 98.01
cad-C6-2 G9 core 41.38 0.16 20.59 3.39 8.12 0.43 0.01 19.40 5.01 0.03 98.57
cad-C6-44 G9 core 41.67 0.24 19.70 4.40 7.81 0.40 0.00 19.89 5.05 0.05 99.27
cad-C6-45 G9 core 41.70 0.17 20.57 3.46 8.31 0.42 0.01 19.56 4.98 0.04 99.28
cad-C6-47 G9 core 42.00 0.14 21.40 2.44 7.88 0.38 0.01 20.30 4.57 0.04 99.20
cad C4-1 G9 core 42.46 0.11 21.97 3.13 7.92 0.40 0.01 21.29 4.44 0.06 101.90
cad C4-2 G9 core 42.48 0.21 20.76 4.32 7.35 0.38 0.01 21.14 5.09 0.04 101.82
cad C4-3 G3D core 41.38 0.21 23.57 0.06 15.83 0.33 0.01 14.52 6.51 0.12 102.61
cad C4-4 G3D core 41.10 0.22 23.42 0.07 16.44 0.35 0.00 13.51 7.20 0.11 102.52
cad C4-5 G3D core 41.09 0.23 23.44 0.04 16.60 0.38 0.01 13.53 7.01 0.12 102.53
cad C4-6 G9 core 42.26 0.19 21.43 3.56 8.55 0.45 0.00 20.19 5.24 0.04 101.97
cad C4-7 G9 core 42.33 0.31 21.45 3.33 7.89 0.41 0.01 21.37 4.59 0.07 101.80
cad C4-8 G9 core 41.99 0.18 21.48 3.45 8.47 0.45 0.01 20.16 5.20 0.04 101.46
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cont.
Grain Gnt loc. SiO2 TiO2 Al2O3 Cr2O3 FeO MnO NiO MgO CaO Na2O Total

cad C4-9 G9 core 42.20 0.13 22.34 2.44 8.10 0.41 0.00 21.13 4.61 0.04 101.45
cad C4-10 G9 core 42.14 0.18 21.46 3.52 8.59 0.44 0.00 20.24 5.23 0.05 101.92
cad C4-11 G3D core 41.73 0.30 23.31 0.05 12.84 0.39 0.00 16.69 6.69 0.09 102.18
cad C4-12 G4D core 42.05 0.29 23.62 0.06 11.83 0.37 0.00 18.10 5.60 0.11 102.14
cad C4-13 G9 core 42.16 0.23 20.79 4.16 8.06 0.46 0.01 20.68 5.10 0.06 101.79
cad C4-14 G9 core 41.95 0.13 20.82 4.12 8.27 0.46 0.01 20.57 4.96 0.05 101.44
cad C4-15 G9 core 42.05 0.31 21.24 3.28 7.82 0.42 0.01 21.21 4.55 0.06 101.01
cad C4-16 G3D core 40.51 0.20 23.07 0.05 18.28 0.41 0.00 11.33 8.45 0.12 102.50
cad C4-17 G3D core 41.02 0.22 23.42 0.03 16.50 0.34 0.01 14.02 6.47 0.11 102.22
cad C4-18 G9 core 42.07 0.18 21.36 3.55 8.50 0.49 0.00 20.16 5.25 0.04 101.66
cad C4-19 G9 core 41.95 0.18 21.30 3.54 8.48 0.49 0.01 20.15 5.24 0.04 101.43
cad C4-20 G9 core 42.12 0.13 22.14 2.39 8.11 0.43 0.01 20.91 4.68 0.03 101.00
cad C4-21 G1 core 42.25 0.50 22.51 1.35 9.45 0.40 0.01 20.77 4.14 0.10 101.53
cad C4-22 G9 core 42.03 0.17 21.34 3.44 8.46 0.50 0.00 20.08 5.15 0.03 101.25
cad C4-23 G9 core 42.23 0.15 22.21 2.44 8.17 0.44 0.01 20.89 4.74 0.04 101.36
cad C4-24 G9 core 42.03 0.20 21.30 3.55 8.59 0.47 0.01 19.94 5.28 0.04 101.46
cad C4-25 G9 core 42.13 0.29 21.24 3.34 7.86 0.44 0.01 21.24 4.64 0.06 101.33
cad C4-26 G9 core 41.88 0.14 20.77 4.38 8.06 0.52 0.00 20.28 5.34 0.03 101.44
cad C4-27 G3D core 40.59 0.21 23.16 0.05 18.28 0.41 0.01 11.19 8.55 0.13 102.64
cad C4-28 G9 core 42.22 0.30 21.34 3.36 7.85 0.43 0.00 21.27 4.65 0.06 101.54
cad C4-29 G3D core 41.70 0.31 23.26 0.05 12.69 0.38 0.00 16.64 6.60 0.10 101.81
cad C4-30 G4D core 40.85 0.27 23.12 0.14 18.97 0.42 0.00 14.48 3.92 0.11 102.34
cad C4-31 G12 core 46.44 0.14 14.99 2.70 6.49 0.36 0.01 19.06 10.63 0.52 101.39
cad C4-32 G9 core 42.12 0.30 21.42 3.29 7.86 0.44 0.00 21.14 4.59 0.07 101.29
cad C4-33 G9 core 42.07 0.19 20.41 4.71 7.64 0.44 0.01 20.82 5.04 0.06 101.49
cad C4-34 G9 core 41.90 0.17 21.45 3.45 8.53 0.46 0.00 20.14 5.26 0.05 101.48
cad C4-35 G3D core 40.97 0.21 23.39 0.05 16.55 0.33 0.01 14.15 6.36 0.11 102.21
cad C4-36 G9 core 42.25 0.31 21.49 3.35 7.85 0.45 0.01 21.11 4.63 0.07 101.58
cad C4-37 G3D core 40.59 0.21 23.12 0.04 18.36 0.40 0.01 11.25 8.55 0.12 102.72
cad C4-38 G9 core 42.24 0.14 22.29 2.46 8.18 0.43 0.01 20.94 4.76 0.04 101.53
cad C4-39 G9 core 42.39 0.25 21.49 3.20 7.83 0.46 0.00 21.13 4.83 0.06 101.72
cad C4-40 G9 core 42.06 0.17 21.52 3.43 8.45 0.47 0.01 20.12 5.31 0.03 101.64
cad C4-41 G9 core 42.08 0.30 21.31 3.32 7.81 0.42 0.00 21.20 4.67 0.06 101.23
cad C4-42 G9 core 42.30 0.13 22.34 2.44 8.14 0.47 0.00 21.06 4.68 0.04 101.67
cad C4-43 G9 core 41.90 0.25 20.61 4.34 8.06 0.45 0.01 20.49 5.20 0.05 101.42
cad C4-44 G9 core 42.01 0.13 20.77 4.45 8.11 0.47 0.01 20.18 5.35 0.02 101.55
cad C4-45 G9 core 41.94 0.20 21.39 3.53 8.52 0.48 0.01 20.10 5.29 0.04 101.54
cad C4-46 G9 core 41.93 0.18 21.39 3.50 8.50 0.48 0.01 20.03 5.31 0.04 101.41
cad C4-47 G9 core 42.18 0.13 22.23 2.45 8.14 0.44 0.00 20.95 4.69 0.03 101.29
cad C4-48 G9 core 42.08 0.30 21.31 3.36 7.84 0.43 0.01 21.18 4.66 0.06 101.28
cad C4-49 G9 core 42.17 0.32 22.10 2.42 7.85 0.42 0.01 21.17 4.81 0.07 101.41
cad C4-50 G9 core 42.11 0.31 21.35 3.39 7.82 0.42 0.01 21.09 4.70 0.07 101.32
cad C4-51 G9 core 42.27 0.19 22.33 2.52 8.18 0.45 0.00 21.02 4.72 0.05 101.79
cad C4-52 G9 core 41.77 0.08 20.06 5.30 7.98 0.46 0.00 19.91 5.78 0.02 101.41
cad C4-53 G9 core 41.89 0.18 21.41 3.60 8.49 0.48 0.01 19.99 5.38 0.03 101.51
cad C4-54 G9 core 42.31 0.14 22.44 2.41 8.09 0.43 0.01 20.99 4.71 0.04 101.62
cad C4-55 G9 core 42.23 0.14 22.29 2.47 8.09 0.42 0.00 21.07 4.69 0.04 101.49
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cont.
Grain Gnt loc. SiO2 TiO2 Al2O3 Cr2O3 FeO MnO NiO MgO CaO Na2O Total

cad C3-1 G9 core 41.89 0.17 21.46 3.44 8.42 0.47 0.00 20.04 5.25 0.04 101.23
cad C3-2 G9 core 41.92 0.19 21.52 3.49 8.46 0.47 0.01 20.06 5.28 0.04 101.49
cad C3-3 G9 core 42.06 0.19 21.47 3.53 8.47 0.47 0.01 20.20 5.31 0.04 101.80
cad C3-4 G4D core 41.19 0.16 23.61 0.10 17.04 0.36 0.01 14.41 5.87 0.09 102.88
cad C3-5 G9 core 42.12 0.19 21.47 3.55 8.52 0.44 0.01 20.13 5.29 0.03 101.81
cad C3-6 G9 core 42.20 0.14 22.28 2.45 8.21 0.41 0.01 20.93 4.72 0.03 101.43
cad C3-7 G4D core 40.89 0.16 23.38 0.11 17.12 0.33 0.01 14.10 5.83 0.09 102.07
cad C3-8 G1 core 42.19 0.51 22.37 1.32 9.41 0.37 0.01 20.71 4.14 0.09 101.20
cad C3-9 G9 core 41.93 0.17 21.57 3.44 8.35 0.45 0.00 20.27 5.25 0.04 101.53
cad C3-10 G9 core 41.94 0.18 21.50 3.48 8.51 0.44 0.01 20.16 5.27 0.05 101.60
cad C3-11 G9 core 42.04 0.30 21.28 3.32 7.88 0.38 0.02 21.19 4.60 0.06 101.14

C7-1 G4 core 42.49 0.17 23.51 0.35 7.55 0.35 0.01 22.08 3.97 0.04 100.57
C7-2 G9 core 41.07 0.07 17.33 8.18 7.45 0.43 0.00 19.47 6.09 0.05 100.33
C7-3 G1 core 42.03 0.58 20.36 3.88 6.93 0.31 0.01 21.49 4.78 0.09 100.52
C7-4 G3D core 40.80 0.22 23.11 0.12 16.61 0.36 0.01 13.22 7.25 0.09 101.78
C7-5 G9 core 41.77 0.29 19.68 5.23 8.02 0.38 0.01 20.08 5.23 0.06 100.81
C7-6 G9 core 41.48 0.11 16.86 9.07 6.73 0.36 0.01 19.97 6.09 0.04 100.79
C7-7 G4D core 41.56 0.15 23.49 0.16 13.71 0.41 0.00 16.49 5.55 0.08 101.68
C7-8 G9 core 41.60 0.24 18.80 6.33 7.77 0.40 0.01 19.80 5.77 0.06 100.86
C7-9 G3D core 41.07 0.24 23.14 0.13 11.39 0.23 0.01 12.17 12.71 0.10 101.23

C7-10 G1 core 42.05 0.67 20.60 3.47 7.88 0.33 0.01 20.87 4.72 0.13 100.83
C7-11 G9 core 42.16 0.23 20.89 3.89 7.55 0.41 0.01 21.05 4.48 0.06 100.78
C7-12 G3D core 41.08 0.18 23.30 0.07 16.21 0.34 0.01 13.80 6.87 0.11 102.02
C7-13 G3D core 40.93 0.24 23.21 0.05 16.58 0.30 0.01 13.65 6.81 0.13 101.95
C7-14 G11 core 41.88 0.66 19.48 5.17 6.91 0.32 0.01 21.01 5.12 0.09 100.72
C7-15 G9 core 41.82 0.14 20.15 4.91 8.15 0.42 0.00 19.66 5.62 0.04 100.99
C7-16 G9 core 41.85 0.24 20.14 4.75 7.48 0.38 0.01 20.64 5.08 0.06 100.69
C7-17 G11 core 41.62 1.02 18.58 5.43 7.08 0.33 0.01 20.55 5.52 0.11 100.33
C7-18 G1 core 42.14 0.37 20.67 3.57 7.10 0.31 0.01 21.24 4.91 0.06 100.42
C7-19 G9 core 42.41 0.36 21.54 3.08 7.30 0.35 0.01 21.30 4.51 0.08 100.98
C7-20 G9 core 42.06 0.24 20.69 3.97 7.71 0.39 0.01 20.71 4.89 0.04 100.76
C7-23 G9 core 41.51 0.12 20.24 4.74 7.85 0.44 0.00 20.06 5.36 0.04 100.39
C7-24 G9 core 41.83 0.20 20.60 3.61 7.31 0.32 0.02 21.15 4.84 0.05 99.96
C7-31 G9 core 42.02 0.33 20.42 4.27 7.38 0.35 0.00 21.11 4.56 0.07 100.53
C7-34 G3D core 41.72 0.18 23.74 0.10 8.29 0.17 0.02 15.26 11.51 0.13 101.27
C7-41 G3D core 40.90 0.21 23.22 0.04 16.35 0.29 0.01 14.13 6.22 0.11 101.52
C7-43 G11 core 41.89 0.56 19.41 5.09 6.78 0.31 0.00 21.22 5.05 0.08 100.45
C7-48 G9 core 42.15 0.15 21.88 2.52 8.04 0.39 0.00 20.84 4.49 0.05 100.53
C7-53 G1 core 42.23 0.84 20.08 3.92 7.11 0.32 0.02 21.29 5.05 0.10 101.04
cad8-1 G9 conc 41.37 0.08 21.57 3.17 8.45 0.45 0.00 19.88 5.84 0.04 100.89
cad8-2 G9 conc 41.32 0.16 21.83 2.65 9.20 0.48 0.01 19.99 5.26 0.05 100.98
cad8-3 G4D conc 41.72 0.31 23.37 0.28 12.17 0.38 0.00 19.01 4.60 0.08 101.96
cad8-4 G9 conc 41.56 0.15 21.86 2.90 9.23 0.48 0.00 19.65 5.50 0.04 101.41
cad8-5 G9 conc 41.90 0.17 22.29 2.46 9.13 0.45 0.00 20.01 5.30 0.04 101.78
cad8-6 G9 conc 41.70 0.08 22.85 1.59 9.85 0.46 0.00 19.67 4.98 0.03 101.27
cad8-7 G9 conc 41.79 0.15 22.44 2.03 8.12 0.37 0.01 20.95 5.02 0.04 100.96
cad8-8 G9 conc 41.82 0.20 22.47 1.94 8.80 0.39 0.01 20.45 4.94 0.05 101.12
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Grain Gnt loc. SiO2 TiO2 Al2O3 Cr2O3 FeO MnO NiO MgO CaO Na2O Total
cad8-9 G9 conc 41.93 0.16 23.11 1.25 9.99 0.43 0.00 19.65 4.86 0.05 101.47
cad8-10 G12 conc 41.06 0.05 19.65 5.50 7.48 0.41 0.00 19.41 6.84 0.03 100.50
cad8-12 G9 conc 41.25 0.08 22.67 1.52 9.52 0.47 0.00 19.60 4.91 0.03 100.09
cad8-13 G9 conc 41.86 0.06 22.71 1.76 9.75 0.53 0.00 19.45 5.39 0.03 101.59
cad8-14 G4 conc 41.94 0.17 23.52 0.27 11.73 0.41 0.01 18.92 4.80 0.05 101.86
cad8-15 G9 conc 41.42 0.10 20.58 4.29 7.59 0.42 0.01 20.10 5.67 0.05 100.31
cad8-17 G9 conc 41.50 0.16 22.32 1.94 8.55 0.41 0.01 20.20 5.00 0.06 100.20
cad8-18 G9 conc 40.90 0.10 19.67 5.24 7.51 0.40 0.00 19.54 6.25 0.04 99.75
cad8-19 G9 conc 41.40 0.16 22.02 2.32 8.94 0.46 0.00 19.60 5.22 0.04 100.21
cad8-20 G9 conc 41.42 0.06 20.44 4.48 7.38 0.41 0.00 20.02 5.75 0.03 100.08
cad8-21 G9 conc 41.32 0.15 22.42 1.76 9.83 0.49 0.01 19.05 5.00 0.04 100.12
cad8-22 G9 conc 41.46 0.07 20.23 4.82 7.63 0.41 0.01 20.01 5.66 0.03 100.40
cad8-23 G9 conc 41.77 0.04 21.44 3.57 8.42 0.47 0.00 19.73 5.90 0.03 101.41
cad8-24 G9 conc 41.71 0.11 21.32 3.63 8.76 0.47 0.01 19.43 5.90 0.04 101.40
cad9-1 G9 conc 42.06 0.10 22.65 2.02 9.13 0.45 0.00 19.90 5.06 0.03 101.44
cad9-3 G9 conc 42.09 0.22 22.67 1.86 8.41 0.38 0.00 20.65 4.97 0.05 101.34
cad9-4 G9 conc 41.86 0.20 22.38 2.29 8.59 0.40 0.01 20.37 4.98 0.04 101.16
cad9-5 G1 conc 42.18 0.52 22.98 0.91 8.26 0.29 0.00 20.99 4.86 0.06 101.11
cad10-1 G4 conc 42.29 0.36 23.69 0.17 10.38 0.37 0.00 19.87 4.71 0.06 101.94
cad10-2 G3 conc 41.97 0.15 23.61 0.33 9.60 0.30 0.01 18.16 7.54 0.04 101.76
cad10-3 G4 conc 42.30 0.27 23.93 0.12 9.12 0.30 0.00 20.98 4.30 0.06 101.44
cad10-4 G4 conc 42.62 0.11 24.05 0.49 8.19 0.33 0.00 21.04 4.88 0.03 101.78
cad10-5 G4D conc 41.24 0.28 23.37 0.11 15.08 0.38 0.01 16.82 4.73 0.08 102.15
cad10-6 G4 conc 42.31 0.21 23.83 0.32 8.84 0.38 0.01 20.76 4.75 0.05 101.50
cad10-7 G3 conc 42.07 0.13 23.74 0.32 9.08 0.36 0.00 19.31 6.43 0.05 101.55
cad10-8 G4 conc 42.37 0.21 23.84 0.34 8.82 0.37 0.01 20.80 4.78 0.04 101.62
cad10-9 G4 conc 42.04 0.30 23.75 0.11 11.11 0.35 0.01 19.68 4.39 0.06 101.84

cad10-10 G4 conc 42.18 0.13 23.85 0.28 8.80 0.29 0.00 19.90 5.89 0.03 101.42
cad10-11 G4 conc 42.33 0.12 23.84 0.40 8.60 0.33 0.01 20.74 4.92 0.04 101.37
cad10-12 G3D conc 40.47 0.27 23.20 0.02 17.36 0.33 0.01 10.85 9.76 0.10 102.43
cad10-13 G3 conc 41.98 0.13 23.58 0.38 9.88 0.36 0.01 18.93 6.06 0.05 101.41
cad10-14 G3 conc 41.84 0.14 23.40 0.54 10.72 0.42 0.01 18.50 6.00 0.04 101.67
cad10-15 G3 conc 42.09 0.08 23.87 0.17 9.36 0.24 0.01 17.16 9.09 0.04 102.15
cad10-16 G4 conc 42.32 0.11 23.84 0.33 9.09 0.39 0.00 19.94 5.40 0.03 101.50
cad10-17 G4D conc 41.75 0.35 23.62 0.09 12.82 0.33 0.00 18.24 4.49 0.10 101.88
cad10-18 G4 conc 41.78 0.29 23.39 0.19 12.13 0.40 0.01 18.16 5.28 0.06 101.75
cad10-19 G1 conc 42.41 0.44 23.86 0.08 8.34 0.33 0.00 21.18 4.76 0.06 101.52
cad10-20 G4 conc 42.25 0.10 23.86 0.47 8.98 0.38 0.01 20.40 5.03 0.03 101.54
cad10-21 G4D conc 41.90 0.26 23.75 0.09 12.44 0.37 0.01 18.43 4.70 0.07 102.07
cad10-22 G4D conc 42.31 0.31 23.84 0.30 8.70 0.35 0.01 21.13 4.21 0.07 101.27
cad10-24 G3 conc 41.64 0.14 23.51 0.25 10.30 0.37 0.00 17.97 7.02 0.04 101.30
cad10-25 G3D conc 40.96 0.20 23.60 0.03 13.05 0.24 0.00 14.04 9.21 0.09 101.50
cad10-26 G4 conc 42.08 0.20 23.82 0.10 10.22 0.39 0.01 19.78 4.82 0.05 101.52
cad10-27 G4 conc 42.52 0.23 24.06 0.21 7.34 0.34 0.01 21.77 4.74 0.04 101.29
cad10-28 G4 conc 42.04 0.14 23.81 0.41 9.10 0.37 0.01 19.62 5.86 0.04 101.43
cad10-29 G4 conc 42.34 0.18 23.88 0.38 9.04 0.35 0.00 20.73 4.45 0.05 101.44
cad10-30 G4 conc 42.18 0.11 23.92 0.32 8.14 0.28 0.01 20.90 5.01 0.04 100.94
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cont.
Grain Gnt loc. SiO2 TiO2 Al2O3 Cr2O3 FeO MnO NiO MgO CaO Na2O Total

cad10-31 G3D conc 41.18 0.22 23.55 0.04 15.43 0.38 0.00 15.02 6.12 0.08 102.08
cad10-32 G4 conc 42.00 0.23 23.58 0.44 9.05 0.38 0.00 20.33 4.90 0.05 100.98
cad10-33 G4D conc 41.48 0.21 23.73 0.06 13.16 0.31 0.00 17.83 4.48 0.09 101.43
cad10-34 G4 conc 41.70 0.28 23.46 0.11 10.38 0.35 0.01 19.75 4.45 0.05 100.58
cad10-35 G1 conc 42.18 0.48 22.93 1.02 8.71 0.28 0.01 20.81 4.57 0.07 101.12
cad10-36 G4 conc 42.06 0.26 23.93 0.12 9.13 0.31 0.01 20.87 4.24 0.06 101.05
cad10-37 G4D conc 41.56 0.29 23.62 0.07 12.14 0.34 0.01 18.16 4.91 0.08 101.23

cad1-1 G9 conc 41.83 0.05 21.90 2.85 8.28 0.48 0.01 19.59 5.60 0.02 100.67
cad1-2 G9 conc 41.93 0.12 21.35 3.36 8.12 0.45 0.00 19.97 5.47 0.02 100.83
cad1-3 G9 conc 41.91 0.15 21.22 3.45 7.86 0.43 0.00 20.33 5.18 0.03 100.63
cad1-4 G9 conc 41.85 0.22 22.15 2.04 9.34 0.53 0.00 19.63 4.83 0.05 100.68
cad1-5 G9 conc 41.99 0.23 22.39 1.81 8.71 0.45 0.00 20.21 4.78 0.03 100.65
cad1-6 G9 conc 42.02 0.26 22.54 1.72 8.77 0.44 0.00 20.25 4.78 0.06 100.87
cad1-7 G9 conc 42.18 0.05 21.82 2.88 7.38 0.36 0.01 20.74 5.22 0.02 100.68
cad1-8 G9 conc 41.62 0.11 20.66 4.24 8.05 0.49 0.00 19.18 6.27 0.03 100.69
cad1-9 G9 conc 41.99 0.05 20.55 4.47 6.94 0.36 0.01 20.37 5.99 0.00 100.79
cad1-10 G9 conc 41.85 0.12 21.87 2.68 8.49 0.47 0.00 19.82 5.28 0.03 100.66
cad1-11 G9 conc 41.98 0.19 21.87 2.63 8.06 0.45 0.00 20.35 5.01 0.04 100.64
cad1-12 G9 conc 41.83 0.21 22.39 1.85 9.16 0.53 0.00 19.69 4.90 0.03 100.64
cad1-13 G9 conc 41.88 0.19 21.97 2.66 7.46 0.37 0.01 20.67 5.15 0.03 100.47
cad1-14 G9 conc 41.88 0.22 22.69 1.64 8.79 0.42 0.00 20.16 4.79 0.05 100.71
cad1-15 G9 conc 42.15 0.22 22.50 1.66 8.77 0.45 0.00 20.12 4.82 0.05 100.76
cad1-16 G9 conc 41.76 0.21 22.54 1.62 9.75 0.51 0.00 19.43 4.82 0.04 100.72
cad1-17 G9 conc 41.85 0.17 22.31 2.12 8.51 0.44 0.01 20.16 4.98 0.03 100.63
cad1-18 G9 conc 41.65 0.20 21.92 2.64 9.19 0.51 0.00 19.45 5.19 0.04 100.85
cad1-19 G9 conc 41.88 0.07 21.78 2.97 7.98 0.44 0.00 20.13 5.34 0.01 100.65
cad1-20 G9 conc 42.03 0.22 21.60 3.14 7.74 0.42 0.00 20.49 5.11 0.04 100.85
cad1-21 G9 conc 41.86 0.18 21.69 2.88 8.71 0.49 0.00 19.77 5.18 0.03 100.85
cad1-22 G9 conc 41.98 0.20 20.51 4.74 6.32 0.33 0.01 21.15 5.49 0.03 100.79
cad1-23 G9 conc 42.01 0.24 22.70 1.53 8.97 0.43 0.01 20.08 4.76 0.05 100.84
cad1-24 G9 conc 41.86 0.14 21.87 2.78 8.40 0.45 0.01 20.03 5.09 0.04 100.73
cad1-25 G9 conc 42.10 0.12 21.56 3.29 8.07 0.42 0.00 20.29 5.26 0.01 101.16
cad1-26 G9 conc 42.09 0.17 21.59 3.29 7.03 0.36 0.01 21.03 5.07 0.02 100.73
cad1-27 G9 conc 41.94 0.16 22.56 2.07 8.04 0.39 0.00 20.62 4.84 0.03 100.71
cad1-28 G9 conc 41.99 0.20 21.71 2.95 8.00 0.46 0.00 20.10 5.26 0.03 100.73
cad1-29 G9 conc 42.04 0.22 21.95 2.65 7.38 0.34 0.02 20.85 5.07 0.03 100.61
cad1-30 G9 conc 41.96 0.10 22.04 2.68 7.32 0.35 0.01 20.78 5.13 0.01 100.42
cad1-31 G9 conc 41.82 0.15 21.63 3.05 8.48 0.47 0.01 19.81 5.33 0.03 100.81
cad1-32 G9 conc 41.90 0.25 22.34 1.79 8.90 0.43 0.01 20.04 4.87 0.04 100.60
cad1-33 G9 conc 41.79 0.25 22.20 2.14 8.78 0.45 0.01 19.90 5.02 0.03 100.61
cad1-34 G9 conc 41.84 0.25 21.11 3.57 7.62 0.41 0.00 20.83 4.78 0.06 100.53
cad1-35 G9 conc 41.78 0.22 21.16 3.47 7.14 0.37 0.01 20.71 5.33 0.02 100.27
cad1-36 G9 conc 41.78 0.24 22.43 1.60 8.93 0.44 0.00 20.13 4.88 0.05 100.54
cad1-37 G9 conc 42.10 0.19 22.68 1.72 8.93 0.44 0.00 20.25 4.78 0.05 101.17
cad1-38 G9 conc 41.96 0.17 22.25 2.28 9.20 0.50 0.00 19.52 5.19 0.03 101.15
cad1-39 G9 conc 42.09 0.19 22.50 1.85 9.06 0.45 0.01 20.19 4.78 0.03 101.21
cad1-40 G9 conc 42.18 0.25 22.40 1.90 9.07 0.47 0.00 20.01 4.90 0.04 101.27
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cont.
Grain Gnt loc. SiO2 TiO2 Al2O3 Cr2O3 FeO MnO NiO MgO CaO Na2O Total

cad1-41 G9 conc 41.73 0.03 19.65 5.78 7.44 0.47 0.01 19.22 6.79 0.01 101.18
cad1-42 G9 conc 42.01 0.20 22.26 2.16 9.44 0.51 0.01 19.60 4.83 0.03 101.08
cad1-43 G1 conc 41.72 0.59 21.18 3.12 7.80 0.38 0.01 20.09 5.82 0.04 100.82
cad1-44 G9 conc 42.05 0.18 22.49 1.85 8.56 0.43 0.00 20.27 4.87 0.04 100.78
cad1-45 G11 conc 41.47 0.44 18.80 6.62 6.61 0.38 0.01 19.81 6.66 0.05 100.92
cad1-46 G9 conc 42.20 0.16 22.72 1.78 7.76 0.36 0.00 21.00 4.78 0.03 100.81
cad1-47 G9 conc 42.19 0.25 21.75 2.82 7.32 0.34 0.01 20.84 5.11 0.04 100.74
cad1-48 G9 conc 41.67 0.17 22.12 2.24 8.75 0.46 0.00 19.92 4.92 0.03 100.35
cad1-49 G9 conc 42.13 0.22 22.42 1.91 8.49 0.42 0.01 20.34 4.93 0.04 100.97
cad1-50 G9 conc 42.00 0.21 22.61 1.74 9.17 0.45 0.01 19.98 4.93 0.04 101.17
cad1-51 G9 conc 42.01 0.20 22.21 2.18 8.53 0.44 0.00 19.98 5.13 0.03 100.75
cad1-52 G9 conc 41.99 0.27 22.43 1.94 8.92 0.44 0.01 20.14 4.84 0.04 101.06
cad1-53 G9 conc 41.92 0.26 22.26 1.98 8.76 0.46 0.01 20.12 4.89 0.05 100.77
cad1-54 G9 conc 41.94 0.13 22.61 1.76 9.33 0.49 0.00 19.83 4.95 0.03 101.09
cad1-55 G9 conc 42.09 0.10 21.81 2.86 8.19 0.45 0.01 20.27 5.11 0.01 100.94
cad1-56 G9 conc 42.07 0.19 22.11 2.30 8.68 0.46 0.01 20.01 5.04 0.03 100.93
cad1-57 G9 conc 41.75 0.10 20.99 3.92 8.34 0.52 0.00 19.26 6.06 0.03 101.02
cad1-58 G9 conc 42.12 0.17 22.27 2.19 8.22 0.41 0.01 20.41 4.90 0.04 100.77
cad1-59 G9 conc 42.13 0.20 22.16 2.44 8.45 0.44 0.00 20.34 4.90 0.04 101.18
cad1-60 G9 conc 42.10 0.15 22.74 1.66 9.66 0.50 0.01 19.61 4.90 0.04 101.40
cad1-61 G9 conc 42.33 0.14 22.47 1.93 7.78 0.36 0.01 21.00 4.72 0.00 100.77
cad1-62 G9 conc 42.16 0.25 22.47 1.82 8.61 0.42 0.01 20.34 4.80 0.05 100.96
cad1-63 G9 conc 42.18 0.17 22.38 1.74 8.82 0.43 0.01 20.28 4.79 0.03 100.89
cad1-64 G9 conc 42.00 0.19 22.19 1.95 8.61 0.43 0.00 20.27 4.85 0.03 100.55
cad1-65 G9 conc 42.03 0.20 22.65 1.63 8.72 0.42 0.00 20.28 4.81 0.05 100.83
cad1-66 G9 conc 42.06 0.19 22.09 2.22 8.29 0.44 0.01 20.35 4.92 0.03 100.65
cad1-67 G11 conc 41.70 0.43 19.63 5.14 6.01 0.30 0.01 20.89 5.92 0.02 100.12
cad1-68 G9 conc 41.99 0.23 22.26 1.79 8.87 0.44 0.01 20.26 4.81 0.03 100.72
cad1-69 G9 conc 42.19 0.19 22.27 2.00 7.77 0.37 0.00 21.07 4.76 0.01 100.69
cad1-70 G9 conc 41.98 0.20 21.93 2.20 8.76 0.45 0.01 20.12 4.99 0.03 100.71
cad1-71 G9 conc 41.88 0.17 21.65 2.60 7.97 0.41 0.00 20.64 5.00 0.04 100.40
cad1-72 G9 conc 41.69 0.25 21.78 2.24 8.42 0.45 0.00 20.29 4.95 0.03 100.17
cad1-73 G9 conc 41.72 0.18 22.06 1.84 8.53 0.45 0.00 20.34 4.85 0.03 100.05
cad1-74 G9 conc 41.92 0.14 22.09 2.08 8.53 0.43 0.01 20.31 4.87 0.02 100.47
cad1-75 G9 conc 41.89 0.27 21.85 2.52 8.18 0.45 0.01 20.46 4.97 0.03 100.68
cad1-76 G9 conc 41.96 0.13 22.05 2.24 8.42 0.42 0.01 20.22 5.08 0.01 100.59
cad1-77 G9 conc 41.98 0.23 21.54 2.80 7.53 0.42 0.01 20.82 5.11 0.04 100.52
cad1-78 G9 conc 42.07 0.18 22.11 2.14 8.73 0.45 0.00 20.23 4.94 0.02 100.92
cad1-79 G9 conc 42.16 0.22 22.07 2.21 8.81 0.46 0.01 20.10 4.94 0.03 101.05
cad1-80 G9 conc 41.91 0.10 20.82 3.99 7.91 0.46 0.01 19.85 5.81 0.01 100.92
cad1-81 G9 conc 41.88 0.09 21.19 3.79 8.29 0.55 0.00 19.42 6.01 0.01 101.32
cad1-82 G9 conc 42.10 0.26 22.53 1.72 9.01 0.43 0.00 20.23 4.76 0.05 101.13
cad1-83 G9 conc 41.89 0.16 21.88 2.62 8.86 0.51 0.01 19.45 5.50 0.02 100.95
cad1-84 G9 conc 41.85 0.20 21.78 2.51 9.01 0.49 0.01 19.84 5.15 0.05 100.93
cad1-85 G9 conc 42.04 0.25 22.09 2.04 8.73 0.44 0.01 20.19 4.91 0.04 100.77
cad2-86 G9 conc 42.41 0.24 22.56 1.98 8.68 0.45 0.01 20.39 4.88 0.06 101.70
cad2-87 G9 conc 42.43 0.07 22.53 2.32 8.21 0.45 0.00 20.55 5.24 0.02 101.89
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Grain Gnt loc. SiO2 TiO2 Al2O3 Cr2O3 FeO MnO NiO MgO CaO Na2O Total

cad2-88 G9 conc 42.40 0.08 21.79 3.16 8.00 0.44 0.01 20.30 5.53 0.01 101.78
cad2-89 G9 conc 42.31 0.31 22.16 2.44 8.46 0.45 0.01 20.47 5.01 0.06 101.71
cad2-90 G9 conc 42.17 0.12 20.88 4.29 7.55 0.44 0.00 20.34 5.71 0.04 101.62
cad2-91 G9 conc 42.30 0.20 20.07 5.06 6.02 0.30 0.02 21.37 5.94 0.03 101.37
cad2-92 G9 conc 42.32 0.18 22.11 2.47 8.50 0.47 0.01 20.54 4.96 0.03 101.62
cad2-93 G9 conc 42.16 0.14 21.80 2.69 8.77 0.47 0.01 20.11 5.25 0.02 101.46
cad2-94 G9 conc 42.31 0.12 21.92 2.75 8.84 0.49 0.00 19.99 5.27 0.03 101.77
cad2-95 G9 conc 42.36 0.21 22.40 2.07 9.64 0.52 0.00 20.00 4.83 0.03 102.12
cad2-96 G9 conc 42.41 0.21 22.19 2.32 9.10 0.49 0.01 20.16 5.02 0.03 102.01
cad2-97 G9 conc 42.13 0.08 21.04 3.90 8.20 0.47 0.00 19.90 5.64 0.02 101.46
cad2-98 G9 conc 42.46 0.11 21.72 3.11 8.30 0.46 0.00 20.31 5.29 0.01 101.82
cad2-99 G9 conc 42.43 0.22 22.56 1.89 8.95 0.46 0.00 20.42 4.81 0.05 101.85

cad2-100 G9 conc 42.36 0.13 21.33 3.52 8.78 0.47 0.01 19.85 5.38 0.03 101.94
cad2-101 G9 conc 42.40 0.22 20.57 4.72 6.63 0.34 0.00 20.97 5.75 0.04 101.72
cad2-102 G9 conc 42.58 0.22 22.57 2.06 8.37 0.45 0.00 20.65 4.87 0.06 101.91
cad2-103 G9 conc 42.70 0.08 21.77 3.01 7.43 0.35 0.01 21.02 5.38 0.02 101.83
cad2-104 G9 conc 42.54 0.22 22.62 1.74 9.10 0.44 0.00 20.36 4.70 0.04 101.79
cad2-105 G9 conc 42.70 0.20 21.80 2.93 7.23 0.34 0.01 21.28 5.06 0.03 101.61
cad2-106 G9 conc 42.45 0.13 22.66 1.96 8.42 0.43 0.00 20.68 4.92 0.02 101.72
cad2-107 G9 conc 42.56 0.19 22.68 1.84 8.79 0.44 0.00 20.57 4.80 0.04 101.96
cad2-108 G9 conc 42.43 0.27 22.64 1.88 8.87 0.44 0.00 20.50 4.87 0.06 102.01
cad2-109 G9 conc 42.49 0.24 22.62 1.85 7.97 0.38 0.00 21.06 4.82 0.04 101.52
cad2-110 G9 conc 42.44 0.25 21.72 2.98 7.27 0.35 0.01 21.47 4.89 0.04 101.45
cad2-111 G9 conc 42.04 0.12 21.87 2.85 7.89 0.41 0.00 20.68 5.17 0.02 101.09
cad2-112 G9 conc 42.33 0.22 22.43 1.81 8.73 0.43 0.01 20.49 4.84 0.04 101.38
cad2-113 G9 conc 42.60 0.12 22.51 2.19 7.56 0.37 0.00 21.30 4.86 0.03 101.60
cad2-114 G9 conc 42.33 0.07 21.61 3.36 7.86 0.42 0.01 20.94 4.91 0.03 101.57
cad2-115 G9 conc 42.56 0.09 21.98 2.96 7.18 0.34 0.02 21.22 5.10 0.03 101.50
cad2-116 G9 conc 42.61 0.08 22.48 2.08 7.70 0.37 0.02 21.18 4.85 0.01 101.42
cad2-117 G9 conc 42.35 0.12 20.33 5.01 7.23 0.41 0.01 20.70 5.54 0.03 101.78
cad2-118 G9 conc 42.10 0.16 22.26 2.08 11.67 0.59 0.00 18.39 5.07 0.03 102.40
cad2-119 G9 conc 42.47 0.17 21.37 3.77 8.04 0.46 0.01 20.31 5.35 0.03 102.04
cad2-120 G9 conc 42.67 0.18 22.38 2.24 7.89 0.39 0.01 20.91 5.04 0.03 101.79
cad2-121 G9 conc 42.52 0.17 22.26 2.50 8.47 0.45 0.00 20.38 5.00 0.04 101.84
cad2-122 G9 conc 42.61 0.18 22.12 2.64 8.43 0.43 0.00 20.55 4.92 0.03 101.98
cad2-123 G9 conc 42.66 0.23 22.69 1.78 8.70 0.43 0.02 20.70 4.75 0.04 102.05
cad2-124 G9 conc 42.38 0.11 21.38 3.88 8.26 0.53 0.00 19.56 5.88 0.04 102.08
cad2-125 G9 conc 42.62 0.25 22.84 1.70 8.63 0.42 0.00 20.57 4.73 0.04 101.87
cad2-126 G9 conc 42.55 0.29 22.40 2.16 8.41 0.42 0.00 20.79 4.76 0.03 101.87
cad2-127 G9 conc 42.30 0.19 22.02 2.61 8.90 0.48 0.00 20.00 5.08 0.03 101.66
cad2-128 G9 conc 42.32 0.32 21.42 3.07 7.34 0.34 0.01 20.90 5.40 0.03 101.22
cad2-129 G9 conc 42.32 0.18 20.77 4.29 6.71 0.36 0.01 20.99 5.53 0.02 101.27
cad2-130 G9 conc 42.08 0.04 20.87 4.19 7.80 0.45 0.01 19.97 5.88 0.00 101.36
cad2-131 G9 conc 42.30 0.23 22.32 2.01 8.79 0.45 0.01 20.33 4.86 0.03 101.38
cad2-132 G9 conc 42.22 0.24 21.91 2.46 8.60 0.45 0.00 20.34 4.93 0.05 101.25
cad2-133 G9 conc 42.36 0.19 22.42 1.89 8.84 0.46 0.00 20.40 4.80 0.04 101.44
cad2-134 G9 conc 42.21 0.17 22.62 1.76 9.46 0.49 0.00 19.96 4.73 0.03 101.47
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cont.
Grain Gnt loc. SiO2 TiO2 Al2O3 Cr2O3 FeO MnO NiO MgO CaO Na2O Total

cad2-135 G9 conc 42.55 0.27 21.11 3.86 6.50 0.33 0.00 21.34 5.44 0.05 101.52
cad2-136 G9 conc 42.22 0.16 22.37 1.80 9.62 0.50 0.01 19.48 5.39 0.03 101.62
cad2-137 G9 conc 42.58 0.23 22.63 1.70 8.96 0.45 0.01 20.36 4.87 0.04 101.89
cad2-138 G9 conc 42.57 0.10 21.73 3.02 7.92 0.42 0.01 20.63 5.29 0.03 101.74
cad2-139 G9 conc 42.52 0.25 22.56 1.84 8.41 0.43 0.01 20.60 4.87 0.04 101.57
cad2-140 G9 conc 42.58 0.08 20.77 4.71 6.61 0.32 0.01 20.97 5.63 0.02 101.75
cad2-141 G9 conc 42.57 0.07 21.62 3.68 7.73 0.42 0.01 20.56 5.39 0.02 102.12
cad3-142 G9 conc 42.25 0.35 21.77 2.54 7.50 0.35 0.01 21.18 4.87 0.03 100.91
cad3-143 G9 conc 42.07 0.10 21.98 2.48 8.82 0.48 0.01 19.92 5.16 0.03 101.12
cad3-144 G9 conc 42.21 0.20 22.43 1.85 8.69 0.43 0.01 20.38 4.74 0.03 101.01
cad3-145 G9 conc 42.07 0.05 21.84 3.08 8.40 0.50 0.01 19.64 5.48 0.01 101.13
cad3-146 G9 conc 41.97 0.19 22.41 1.93 9.57 0.49 0.01 19.68 4.81 0.06 101.17
cad3-147 G9 conc 41.96 0.09 21.89 2.68 8.59 0.47 0.00 19.49 5.44 0.03 100.71
cad3-148 G9 conc 42.01 0.19 21.44 3.20 7.43 0.40 0.01 20.56 5.37 0.02 100.67
cad3-149 G9 conc 41.56 0.28 18.97 6.37 6.61 0.36 0.00 20.28 6.20 0.01 100.73
cad3-150 G9 conc 41.73 0.06 19.65 5.87 6.38 0.34 0.01 20.70 5.81 0.02 100.67
cad3-151 G9 conc 41.90 0.12 21.57 3.24 7.86 0.41 0.01 20.35 5.24 0.02 100.77
cad3-152 G9 conc 41.82 0.22 22.22 1.95 8.83 0.46 0.01 20.17 4.79 0.03 100.55
cad3-153 G9 conc 41.73 0.18 21.74 2.36 8.65 0.46 0.01 20.19 4.88 0.03 100.30
cad3-154 G9 conc 41.92 0.21 21.90 2.40 8.45 0.45 0.00 20.28 4.89 0.03 100.58
cad3-155 G9 conc 42.08 0.19 22.05 2.39 8.41 0.43 0.00 20.37 4.87 0.03 100.87
cad3-156 G9 conc 41.91 0.15 22.05 2.27 8.68 0.45 0.00 20.19 4.88 0.02 100.63
cad3-157 G9 conc 42.04 0.15 20.58 4.68 6.38 0.33 0.01 21.58 5.00 0.03 100.85
cad3-158 G9 conc 42.04 0.27 19.89 5.29 6.34 0.33 0.01 21.48 4.98 0.02 100.70
cad3-159 G9 conc 42.22 0.20 21.44 3.05 7.53 0.40 0.01 20.86 4.92 0.04 100.71
cad3-160 G9 conc 42.34 0.22 22.16 2.21 8.28 0.42 0.00 20.64 4.81 0.03 101.16
cad3-161 G9 conc 41.94 0.05 19.68 5.99 6.37 0.38 0.01 21.12 5.31 0.01 100.94
cad3-162 G9 conc 42.10 0.18 20.55 4.54 6.79 0.38 0.00 20.65 5.60 0.02 100.90
cad3-163 G9 conc 42.09 0.11 21.68 2.93 8.79 0.55 0.00 19.77 5.24 0.01 101.23
cad3-164 G9 conc 42.24 0.25 22.27 2.21 8.10 0.42 0.00 20.70 4.82 0.05 101.12
cad3-165 G9 conc 41.93 0.07 20.22 5.06 6.37 0.33 0.01 20.76 5.48 0.01 100.31
cad3-166 G9 conc 41.74 0.08 20.87 3.89 8.16 0.48 0.01 19.76 5.46 0.02 100.53
cad3-167 G9 conc 42.00 0.22 22.15 1.92 8.80 0.46 0.01 20.12 4.79 0.04 100.56
cad3-168 G9 conc 41.95 0.20 21.56 2.99 8.23 0.45 0.00 20.23 5.06 0.04 100.79
cad3-169 G9 conc 41.75 0.21 21.53 2.82 8.47 0.48 0.01 20.03 5.07 0.04 100.46
cad3-170 G9 conc 41.89 0.16 20.32 4.57 6.67 0.37 0.01 20.81 5.30 0.03 100.19
cad3-171 G9 conc 41.97 0.18 22.09 2.13 8.49 0.43 0.01 20.38 4.89 0.03 100.64
cad3-172 G9 conc 41.94 0.04 21.40 3.30 7.99 0.44 0.01 20.04 5.47 0.01 100.67
cad3-173 G9 conc 42.07 0.26 20.99 3.50 6.97 0.36 0.02 21.05 5.21 0.04 100.53
cad3-174 G9 conc 42.24 0.28 20.92 3.65 6.35 0.31 0.01 21.89 4.49 0.05 100.26
cad3-175 G9 conc 42.06 0.17 21.97 2.57 8.49 0.45 0.00 20.17 5.03 0.04 100.99
cad3-176 G9 conc 42.29 0.25 22.16 2.44 8.47 0.45 0.00 20.39 4.88 0.05 101.44
cad3-177 G9 conc 41.94 0.11 21.49 3.12 8.61 0.45 0.01 19.80 5.16 0.02 100.75
cad3-178 G9 conc 42.08 0.19 22.39 1.94 9.31 0.51 0.01 19.87 4.90 0.04 101.29
cad3-179 G9 conc 42.29 0.19 21.91 2.79 7.11 0.36 0.00 21.26 4.97 0.04 101.00
cad3-180 G9 conc 41.77 0.10 21.46 3.57 8.36 0.48 0.00 19.37 5.85 0.02 101.03
cad3-181 G9 conc 41.87 0.09 21.03 4.18 8.28 0.53 0.00 19.10 6.13 0.02 101.30
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cont.
Grain Gnt loc. SiO2 TiO2 Al2O3 Cr2O3 FeO MnO NiO MgO CaO Na2O Total

cad3-182 G9 conc 42.10 0.26 20.91 3.90 7.46 0.37 0.01 20.27 5.91 0.04 101.27
cad3-183 G9 conc 42.23 0.18 19.80 5.90 5.95 0.33 0.01 21.49 5.18 0.05 101.16
cad3-184 G9 conc 42.14 0.06 21.37 3.76 7.64 0.41 0.00 20.33 5.45 0.02 101.24
cad3-185 G9 conc 42.35 0.23 22.43 1.92 7.51 0.35 0.01 21.02 4.61 0.02 100.49
cad3-186 G9 conc 42.16 0.20 21.42 3.46 6.88 0.35 0.01 20.83 5.22 0.02 100.65
cad3-187 G9 conc 42.09 0.18 21.24 3.52 7.83 0.44 0.00 20.30 5.24 0.04 100.91
cad3-188 G9 conc 41.99 0.24 21.92 2.43 8.41 0.44 0.00 20.23 4.96 0.04 100.72
cad3-189 G9 conc 41.98 0.14 21.95 2.51 8.60 0.46 0.01 20.05 4.98 0.04 100.77
cad3-190 G9 conc 42.03 0.06 21.85 2.96 8.55 0.51 0.00 19.74 5.43 0.02 101.21
cad3-191 G9 conc 41.93 0.09 21.42 3.57 7.81 0.44 0.01 19.83 5.79 0.02 100.96
cad3-192 G9 conc 42.01 0.16 21.18 3.67 7.10 0.35 0.01 20.83 5.19 0.01 100.58
cad3-193 G9 conc 41.97 0.12 22.05 2.52 8.44 0.46 0.00 20.16 5.09 0.03 100.90
cad3-194 G9 conc 42.05 0.25 22.47 1.81 9.21 0.46 0.00 20.04 4.82 0.04 101.20
cad3-195 G9 conc 41.94 0.18 21.66 2.91 8.83 0.50 0.00 19.98 4.97 0.03 101.06
cad3-196 G9 conc 42.39 0.18 22.38 2.06 8.17 0.41 0.01 20.81 4.70 0.03 101.18
cad3-197 G9 conc 42.36 0.13 22.34 2.38 8.41 0.44 0.00 20.44 4.98 0.03 101.55
cad3-198 G9 conc 42.17 0.05 21.70 3.17 7.79 0.43 0.01 20.20 5.58 0.02 101.16
cad3-199 G9 conc 42.16 0.14 21.88 2.75 8.83 0.50 0.01 19.85 5.18 0.02 101.36
cad3-200 G9 conc 42.22 0.25 21.71 3.01 8.42 0.46 0.01 20.33 5.04 0.06 101.56
cad3-201 G9 conc 42.17 0.13 22.53 2.13 8.61 0.46 0.00 20.34 4.95 0.02 101.41
cad3-202 G9 conc 42.27 0.11 22.40 2.47 8.28 0.44 0.00 20.49 5.08 0.02 101.61
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CAD 01 0.70 ly D cry rt trr dl r -5.90
CAD 02 1.50 c DI frag rt h trr r -4.09
CAD 03 1.90 lb DO cry ntr h trr dl cs pr -5.14

CAD 04a 0.90 c I agg ntr h dl frc h pr -4.39
CAD 04b 0.90 lb I agg h trr r -4.13
CAD 05 0.90 lg I frag h trr dl r -21.40
CAD 06 1.60 ly OI agg h trr nr -19.61
CAD 07 1.40 ly D cry h trr frc rt r -3.70
CAD 08 0.90 g I agg h trr pr -10.13
CAD 09 1.10 g I frag trr h dl r -16.61
CAD 10 0.80 c I frag h trr frc r -10.06
CAD 11 0.90 lyg D frag h trr r -5.59
CAD 12 0.90 g OI agg frag h trr frc pr -9.51
CAD 13 1.00 lb ODI twn trr ur -12.27
CAD 14 1.70 c D frag h rt r -6.18
CAD 15 1.20 lp DI agg rnd r -5.03
CAD 16 0.80 g I frag ntr cs h trr pr -5.44
CAD 17 1.50 lg DI frag ntr h trr cs ur -3.98
CAD 18 0.70 g I twn trr rt frc r -8.57
CAD 19 0.90 c D slightly flt h trr r -6.04
CAD 20 0.80 g DOM twn ntr h trr nr -4.68
CAD 21 0.70 g DI frag h gl r -5.01
CAD 22 0.80 c DI flt ntr cs pr -5.25
CAD 23 0.80 g D cry rt frc r -4.13
CAD 24 0.80 g DO cry h gl r -22.35
CAD 25 1.90 lg D cry cs trr cep r -3.84
CAD 26 1.10 c D elng cs gl r -5.43
CAD 27 1.30 g DI frag trr gl h cs r -12.23
CAD 28 2.20 lg DI frag ntr gl trr ur -5.10
CAD 29 1.30 ly DI flt h gl ntr trr rt pr -8.92
CAD 30 0.90 lg ODI frag ntr trr cs pr -4.70
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CAROLINA DIAMOND DESCRIPTIONS AND CARBON DATA
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g=grey, c=colourless, b=brown, y=yellow, l=light, 
Z¯�����������X¯������	����Y¯���������������������>¯
��	��
���¯
���
�����
���¯������	��W�¯W�����	��¯�	�����������¯���������¯�������������¯������
trr=terraces, dl=deformation lines, h=hillocks, ntr=negative trigons, cs=corrosion 
sculptures, frc=fractured, rnd=rounded-no features, gl=growth lines, cep=circular 
etch pits, r=resorped, pr=partly resorped, ur=uneven resorption, nr=not resorped
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Sample type IaA 
(ppm)

type IaB 
(ppm) N (ppm) % B N. Agg. 

state
Platelet

Area
3107 H 

area T[N,1.5Ga]

CAD 01 598.6 339.5 938.2 36.2 IaAB 107.2 0.0 1116.6
CAD 02 1776.4 347.9 2124.3 16.4 IaAB 39.3 1.6 1073.3
CAD 03 816.7 411.5 1228.2 33.5 IaAB 169.5 17.5 1107.5
CAD 04a 563.3 71.1 634.5 11.2 IaAB 14.5 0.0 1090.7
CAD 04b 730.8 0.0 730.8 0.0 IaA 0.0 0.0 -

CAD 5 38.1 17.2 55.3 31.2 IaAB 0.0 6.0 1181.6
CAD 7 1106.8 426.8 1533.6 27.8 IaAB 230.4 2.3 1096.1
CAD 8 239.8 54.5 294.2 18.5 IaAB 0.0 0.0 1122.5
CAD 9 0.0 84.0 84.0 100.0 IaB 0.0 0.0 -

CAD 10 1396.6 15.0 1411.7 1.1 IaA 0.0 8.4 1019.9
CAD 11 604.1 98.9 703.0 14.1 IaAB 95.1 0.6 1094.3
CAD 12 842.1 160.4 1002.5 16.0 IaAB 0.0 3.3 1089.7
CAD 14 123.3 8.3 131.6 6.3 IaA 0.0 15.7 1112.6
CAD 16 887.2 413.6 1300.8 31.8 IaAB 146.8 2.5 1104.3
CAD 17 73.5 0.0 73.5 0.0 IaA 0.0 0.0 -
CAD 18 811.6 252.4 1064.0 23.7 IaAB 0.0 4.7 1099.6
CAD 19 961.0 444.9 1405.8 31.6 IaAB 0.0 0.0 1102.3
CAD 20 637.9 390.3 1028.2 38.0 IaAB 195.2 3.1 1116.3
CAD 21 41.5 0.0 41.5 0.0 IaA 12.6 3.5 -
CAD 22 679.0 219.2 898.3 24.4 IaAB 134.6 13.1 1104.4
CAD 23 892.2 851.5 1743.7 48.8 IaAB 224.3 11.6 1114.3
CAD 24 0.0 47.6 47.6 100.0 IaB 0.0 0.0 -
CAD 25 304.2 426.1 730.3 58.4 IaAB 222.9 5.6 1144.7
CAD 26 457.0 142.1 599.1 23.7 IaAB 92.6 0.3 1113.0
CAD 27 147.5 195.9 343.4 57.0 IaAB 0.0 0.0 1162.3
CAD 28 738.5 204.1 942.6 21.7 IaAB 120.4 0.9 1099.7
CAD 29 703.5 309.6 1013.1 30.6 IaAB 191.8 1.0 1108.8
CAD 30 482.1 344.1 826.2 41.7 IaAB 238.5 3.1 1125.2
CAD05 1 163.0 205.8 368.8 55.8 IaAB 84.1 7.0 1159.2
CAD05 3 562.8 184.8 747.6 24.7 IaAB 109.9 1.3 1109.1
 CAD05 4 120.8 316.4 437.2 72.4 IaAB 147.7 0.7 1173.5
CAD05 7 209.4 340.8 550.2 61.9 IaAB 137.1 1.4 1155.5
CAD05 9 585.0 150.5 735.5 20.5 IaAB 81.8 0.8 1103.8

CAD05 10 223.5 249.1 472.6 52.7 IaAB 199.4 2.4 1149.8
CAD05 11 374.2 284.4 658.6 43.2 IaAB 184.6 2.8 1132.2
CAD05 12 494.8 102.5 597.3 17.2 IaAB 73.8 1.3 1103.6
CAD05 14 460.9 283.3 744.2 38.1 IaAB 166.6 3.0 1124.1
CAD05 15 478.7 249.7 728.4 34.3 IaAB 21.3 1.9 1120.7
CAD05 16 592.0 246.9 838.9 29.4 IaAB 97.7 0.9 1112.0
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cont.

Sample type IaA 
(ppm)

type IaB 
(ppm) N (ppm) % B N. Agg. 

state
Platelet

Area
3107 H 

area T[N,1.5Ga]

CAD05 17 300.8 223.5 524.3 42.6 IaAB 166.2 1.7 1137.2
CAD05 18 327.6 541.1 868.7 62.3 IaAB 344.6 6.0 1144.5
CAD05 19 314.6 98.2 412.8 23.8 IaAB 82.7 0.8 1122.0
CAD05 20 250.6 370.2 620.8 59.6 IaAB 0.0 3.2 1150.1
CAD05 21 260.3 208.2 468.5 44.4 IaAB 85.4 2.4 1141.8
CAD05 22 288.2 409.5 697.7 58.7 IaAB 210.8 8.8 1146.2
CAD05 23 523.6 332.5 856.1 38.8 IaAB 164.1 3.6 1121.5
CAD05 24 491.3 211.6 702.9 30.1 IaAB 114.1 6.6 1117.0
CAD05 25 381.0 100.1 481.1 20.8 IaAB 80.2 1.8 1114.2
CAD05 26 572.2 240.4 812.6 29.6 IaAB 172.1 4.8 1112.9
CAD05 27 483.8 151.4 635.2 23.8 IaAB 105.1 3.6 1111.8
CAD05 28 145.7 103.5 249.2 41.5 IaAB 39.5 5.7 1154.6
CAD05 29 395.7 264.7 660.4 40.1 IaAB 129.1 0.7 1129.1
CAD05 32 652.8 63.2 716.0 8.8 IaA 17.4 10.0 1081.9
CAD05 33 412.9 45.4 458.3 9.9 IaA 42.0 4.9 1095.0
CAD05 34 329.2 137.7 466.9 29.5 IaAB 118.9 0.6 1126.1
CAD05 35 385.0 292.0 677.0 43.1 IaAB 166.7 5.1 1131.5
CAD05 36 447.3 179.3 626.6 28.6 IaAB 105.4 0.8 1118.0
CAD05 37 305.5 221.6 527.1 42.0 IaAB 120.4 1.1 1136.5
CAD05 38 33.1 7.0 40.1 17.5 IaAB 15.1 0.5 1170.2
CAD05 39 247.8 288.7 536.5 53.8 IaAB 132.5 1.6 1147.8
CAD05 40 449.5 313.0 762.5 41.0 IaAB 160.7 36.2 1126.5
CAD05 41 451.3 382.5 833.8 45.9 IaAB 284.7 2.9 1129.1
CAD05 42 206.0 508.1 714.1 71.2 IaAB 321.7 5.7 1159.4
CAD05 43 361.4 197.9 559.3 35.4 IaAB 130.8 1.0 1128.2
CAD05 44 40.2 44.4 84.6 52.5 IaAB 18.8 1.9 1193.8
CAD05 46 201.5 195.4 396.9 49.2 IaAB 77.9 2.5 1150.7
CAD05 47 23.0 12.7 35.7 35.6 IaAB 0.0 1.2 1198.4
CAD05 48 551.7 547.4 1099.1 49.8 IaAB 397.5 6.5 1126.3
CAD05 49 452.3 120.7 573.0 21.1 IaAB 73.9 1.3 1110.5
CAD05 50 286.6 108.4 395.0 27.4 IaAB 45.3 0.3 1127.7
CAD05 51 75.8 181.8 257.6 70.6 IaAB 119.6 13.6 1184.9
CAD05 53 217.6 388.4 606.0 64.1 IaAB 61.6 66.1 1155.4
CAD05 54 192.7 228.5 421.2 54.2 IaAB 47.7 3.8 1154.3
CAD05 55 196.2 269.5 465.7 57.9 IaAB 92.7 8.2 1155.4
CAD05B 3 558.3 37.7 596.0 6.3 IaA 59.5 0.9 1077.9
CAD05B 4 0.0 280.7 280.7 100.0 IaB 0.0 6.1 #DIV/0!
CAD05B 5 508.3 351.2 859.5 40.9 IaAB 249.6 3.1 1123.5
CAD05B 7 387.0 417.8 804.8 51.9 IaAB 218.3 5.3 1135.9
CAD05B 8 13.7 5.0 18.7 26.7 IaAB 1.3 0.6 1204.6
CAD05B 9 79.0 15.2 94.2 16.1 IaAB 0.0 0.9 1146.3

CAD05B 10 212.3 548.7 761.0 72.1 IaAB 333.0 5.0 1159.0
CAD05B 11 20.9 1.4 22.3 6.3 IaA 0.0 5.3 1155.9
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cont.

Sample type IaA 
(ppm)

type IaB 
(ppm) N (ppm) % B N. Agg. 

state
Platelet

Area
3107 H 

area T[N,1.5Ga]

CAD05B  15 139.4 82.8 222.2 37.3 IaAB 0.0 1.9 1153.0
CAD05B  16 500.2 596.3 1096.5 54.4 IaAB 334.9 3.7 1130.8
CAD05B  17 456.4 282.1 738.5 38.2 IaAB 158.2 50.9 1124.4
CAD05B  18 690.9 52.0 742.9 7.0 IaA 56.2 3.8 1075.4
CAD05B  19 399.8 223.1 622.9 35.8 IaAB 104.4 4.6 1126.1
CAD05B 21 26.3 12.5 38.8 32.2 IaAB 5.7 1.2 1192.2
CAD05B 22 343.4 345.1 688.5 50.1 IaAB 105.6 1.6 1138.0
CAD05B 24 373.7 232.5 606.2 38.4 IaAB 190.0 3.5 1129.4
CAD05B 25 57.4 91.4 148.8 61.4 IaAB 51.5 1.7 1188.6
CAD05B 26 156.7 62.0 218.7 28.3 IaAB 27.1 3.1 1143.2
CAD05B 27 357.2 227.4 584.6 38.9 IaAB 50.6 3.2 1130.8
CAD05B 28 148.6 59.7 208.3 28.7 IaAB 30.2 4.9 1144.8
CAD05B 29 170.9 323.4 494.3 65.4 IaAB 141.7 14.5 1162.0
CAD05B 30 434.8 139.7 574.5 24.3 IaAB 89.4 14.3 1114.8
CAD05B 32 266.1 459.9 726.0 63.3 IaAB 245.4 3.8 1150.1
CAD05B 33 364.2 84.4 448.6 18.8 IaAB 35.6 13.9 1112.9
CAD05B 34 350.1 155.2 505.3 30.7 IaAB 65.3 2.4 1125.6
CAD05B 35 362.2 247.6 609.8 40.6 IaAB 125.2 12.7 1131.5
CAD05B 36 461.1 287.8 748.9 38.4 IaAB 219.6 2.6 1124.3
CAD05B 37 361.2 197.2 558.4 35.3 IaAB 153.3 2.2 1128.2
CAD05B 38 507.2 773.5 1280.7 60.4 IaAB 455.7 5.5 1133.0
CAD05B 39 415.8 135.5 551.3 24.6 IaAB 87.0 0.9 1116.1
CAD05B 40 532.1 384.5 916.6 41.9 IaAB 237.2 2.1 1123.0
CAD05B 41 545.7 162.4 708.1 22.9 IaAB 75.4 1.7 1108.1
CAD05B 42 159.3 118.0 277.3 42.6 IaAB 73.3 5.2 1152.9
CAD05B 44 460.6 410.4 871.0 47.1 IaAB 181.8 1.9 1129.3
CAD05B 46 218.7 297.7 516.4 57.6 IaAB 0.0 5.7 1152.6
CAD05B 47 916.2 0.0 916.2 0.0 IaA 0.0 3.7 #NUM!
CAD05B 48 291.5 373.2 664.7 56.1 IaAB 0.0 6.4 1144.8
CAD05B 49 380.5 154.0 534.5 28.8 IaAB 0.0 3.4 1122.0
CAD05B 50 330.0 202.5 532.5 38.0 IaAB 89.7 0.7 1132.2
CAD05B 52 298.2 170.1 468.3 36.3 IaAB 72.6 0.5 1133.5
CAD05B 53 36.7 15.0 51.7 29.0 IaAB 12.0 2.0 1180.7
CAD05B 54 248.6 414.0 662.6 62.5 IaAB 221.0 5.7 1151.4
CAD05B 56 34.6 51.1 85.7 59.6 IaAB 6.4 0.6 1201.2
CAD05B 57 42.0 53.4 95.4 56.0 IaAB 33.8 1.6 1194.4
CAD05B 58 66.0 196.1 262.1 74.8 IaAB 118.4 0.3 1190.1
CAD05B 59 209.6 393.3 602.9 65.2 IaAB 0.0 4.4 1156.8
CAD05B 60 287.7 202.5 490.2 41.3 IaAB 86.3 0.6 1137.6
CAD05B 61 445.9 252.6 698.5 36.2 IaAB 171.6 2.3 1123.7
CAD05B 62 438.1 114.3 552.4 20.7 IaAB 72.3 1.2 1110.8
CAD05B 63 462.6 183.6 646.2 28.4 IaAB 149.1 2.8 1117.0
CAD05B 64 383.5 98.1 481.6 20.4 IaAB 123.6 0.2 1113.6
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CAROLINA DIAMOND NITROGEN DATA

cont.

Sample type IaA 
(ppm)

type IaB 
(ppm) N (ppm) % B N. Agg. 

state
Platelet

Area
3107 H 

area T[N,1.5Ga]

CAD05B 65 224.5 8.3 232.8 3.6 IaA 0.0 3.0 1085.6
CAD05B 66 165.9 249.0 414.9 60.0 IaAB 155.9 11.5 1160.6
CAD05B 67 265.9 95.8 361.7 26.5 IaAB 10.5 1.4 1128.6
CAD05B 68 302.7 289.5 592.2 48.9 IaAB 121.3 2.0 1140.4
CAD05B 70 309.0 295.7 604.7 48.9 IaAB 98.7 0.8 1139.9
CAD05B 71 252.9 275.9 528.8 52.2 IaAB 96.2 0.8 1146.5
CAD05B 72 236.5 189.9 426.4 44.5 IaAB 130.1 2.3 1144.2
CAD05B 73 239.8 227.2 467.0 48.7 IaAB 48.9 1.6 1146.1
CAD05B 74 331.3 96.5 427.8 22.6 IaAB 51.6 0.8 1119.5
CAD05B 75 240.0 306.7 546.7 56.1 IaAB 196.6 6.1 1149.6
CAD05B 76 371.0 50.4 421.4 12.0 IaAB 25.9 0.3 1101.9
CAD05B 77 72.5 72.0 144.5 49.8 IaAB 50.6 3.2 1177.0
CAD05B 78 185.1 271.3 456.4 59.4 IaAB 13.1 2.8 1157.6
CAD05B 79 53.9 256.1 310.0 82.6 IaAB 67.2 3.4 1198.1
CAD05B 80 193.0 294.1 487.1 60.4 IaAB 88.0 38.3 1156.9
CAD05B 81 153.7 285.4 439.1 65.0 IaAB 92.7 1.9 1164.6
CAD05C 1 309.6 237.1 546.7 43.4 IaAB 145.6 1.3 1137.0
CAD05C 2 182.8 329.7 512.5 64.3 IaAB 128.4 2.2 1159.9
CAD05C 3 245.1 150.8 395.9 38.1 IaAB 92.8 4.3 1139.5
CAD05C 4 150.6 290.5 441.1 65.9 IaAB 137.2 1.1 1165.4
CAD05C 5 256.9 75.7 332.6 22.8 IaAB 44.8 5.6 1125.8
CAD05C 6 882.3 95.9 978.2 9.8 IaA 43.4 1.5 1077.5
CAD05C 7 414.9 364.8 779.7 46.8 IaAB 270.5 1.7 1131.7
CAD05C 8 341.4 84.9 426.3 19.9 IaAB 0.0 2.0 1115.8
CAD05C 9 551.9 278.9 830.8 33.6 IaAB 146.3 0.8 1116.8

CAD05C 10 274.3 428.7 703.0 61.0 IaAB 200.0 3.9 1148.4
CAD05C 11 224.4 140.4 364.8 38.5 IaAB 0.0 6.7 1141.9
CAD05C 12 600.7 151.7 752.4 20.2 IaAB 114.6 1.3 1102.8
CAD05C 13 328.8 368.2 697.0 52.8 IaAB 188.4 0.1 1140.3
CAD05C 14 529.3 116.8 646.1 18.1 IaAB 101.2 2.4 1103.2
CAD05C 17 691.6 175.9 867.5 20.3 IaAB 16.0 4.1 1099.6
CAD05C 18 162.2 80.6 242.8 33.2 IaAB 30.5 4.6 1146.3
CAD05C 19 252.9 317.2 570.1 55.6 IaAB 108.2 1.5 1148.1
CAD05C 21 451.4 99.7 551.1 18.1 IaAB 66.3 6.6 1106.9
CAD05C 22 132.7 146.4 279.1 52.5 IaAB 11.3 3.2 1162.8
CAD05C 23 190.1 95.7 285.8 33.5 IaAB 61.4 2.7 1142.6
CAD05C 24 268.9 264.5 533.4 49.6 IaAB 169.0 1.0 1143.7
CAD05C 25 11.8 12.1 23.9 50.6 IaAB 0.0 2.6 1226.1
CAD05C 27 458.2 443.9 902.1 49.2 IaAB 289.2 3.8 1130.5
CAD05C 28 458.4 590.9 1049.3 56.3 IaAB 329.4 2.7 1133.7
CAD05C 30 248.9 227.3 476.2 47.7 IaAB 89.4 18.8 1144.7
CAD05C 31 775.9 141.5 917.4 15.4 IaAB 26.7 5.1 1090.7
CAD05C 32 183.9 16.2 200.1 8.1 IaA 15.4 4.6 1109.2
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CAROLINA DIAMOND NITROGEN DATA

cont.

Sample type IaA 
(ppm)

type IaB 
(ppm) N (ppm) % B N. Agg. 

state
Platelet

Area
3107 H 

area T[N,1.5Ga]

CAD05C 34 122.8 283.2 406.0 69.8 IaAB 21.9 2.1 1172.1
CAD05C 35 259.2 397.3 656.5 60.5 IaAB 238.6 2.8 1149.6
CAD05C 36 482.8 313.4 796.2 39.4 IaAB 81.2 86.0 1123.8
CAD05C 37 279.9 298.7 578.6 51.6 IaAB 141.1 18.2 1143.7
CAD05C 38 414.6 110.2 524.8 21.0 IaAB 3.3 15.1 1112.5
CAD05C 39 416.4 248.4 664.8 37.4 IaAB 98.2 1.7 1126.1
CAD05C 40 438.4 161.2 599.6 26.9 IaAB 117.0 3.0 1117.0

CADJ4 1 65.5 355.9 421.4 84.5 IaAB 112.2 0.8 1193.5
CADJ4 2 51.0 405.5 456.5 88.8 IaAB 244.1 1.8 1201.5
CADJ4 3 393.0 67.7 460.7 14.7 IaAB 26.4 2.0 1105.3
CADJ4 4 457.6 174.4 632.0 27.6 IaAB 90.8 2.4 1116.6
CADJ4 5 408.9 430.1 839.0 51.3 IaAB 237.8 1.3 1134.2
CADJ4 6 205.4 450.6 656.0 68.7 IaAB 8.4 8.2 1158.6
CADJ4 8 434.6 402.2 836.8 48.1 IaAB 236.9 3.2 1131.2
CADJ4 9 334.9 206.9 541.8 38.2 IaAB 82.1 0.0 1131.9
CADJ4 10 493.2 0.4 493.6 0.1 IaA 0.0 6.4 989.0
CADJ4 11 330.8 477.5 808.3 59.1 IaAB 276.4 7.4 1142.9
CADJ4 12 512.5 306.5 819.0 37.4 IaAB 142.6 1.4 1121.2
CADJ4 13 152.0 380.9 532.9 71.5 IaAB 0.0 4.7 1167.3
CADJ4 14 110.6 265.3 375.9 70.6 IaAB 9.3 9.6 1175.1
CADJ4 16 218.2 373.0 591.2 63.1 IaAB 128.5 3.0 1154.9
CADJ4 17 409.9 388.1 798.0 48.6 IaAB 244.2 2.3 1132.9
CADJ4 18 293.1 227.0 520.1 43.6 IaAB 60.1 4.7 1138.5
CADJ4 19 189.8 335.1 524.9 63.8 IaAB 133.8 2.2 1158.7
CADJ4 20 376.5 310.4 686.9 45.2 IaAB 113.3 4.0 1133.2
CADJ4 21 200.1 376.1 576.2 65.3 IaAB 13.8 4.0 1158.0
CADJ4 22 352.7 270.0 622.7 43.4 IaAB 49.5 1.8 1133.8
CADJ4 23 210.9 613.4 824.3 74.4 IaAB 416.5 5.0 1160.0
CADJ4 25 77.5 396.8 474.3 83.7 IaAB 241.5 3.5 1188.8
CADJ4 26 382.8 133.2 516.0 25.8 IaAB 74.9 1.2 1119.3
CADJ4 28 332.5 47.8 380.3 12.6 IaAB 28.1 5.5 1105.6
CADJ4 29 406.1 216.7 622.8 34.8 IaAB 54.9 2.2 1125.0
CADJ4 30 184.6 181.7 366.3 49.6 IaAB 58.2 0.0 1153.1
CADJ4 31 415.0 65.6 480.6 13.6 IaAB 27.3 1.0 1102.3
CADJ4 32 278.2 222.0 500.2 44.4 IaAB 11.2 11.7 1140.1
CADJ4 33 117.4 384.4 501.8 76.6 IaAB 151.9 1.6 1175.7
CADJ4 34 426.7 518.2 944.9 54.8 IaAB 333.0 4.6 1134.8
CADJ4 35 58.1 106.9 165.0 64.8 IaAB 90.5 2.6 1189.7
CADJ4 36 515.7 274.8 790.5 34.8 IaAB 183.7 0.8 1119.3
CADJ4 37 399.9 432.2 832.1 51.9 IaAB 201.6 0.8 1135.1
CADJ4 38 284.9 231.1 516.0 44.8 IaAB 72.5 1.1 1139.8
CADJ4 39 653.8 93.7 747.5 12.5 IaAB 46.5 1.3 1089.9
CADJ4 40 407.6 172.0 579.6 29.7 IaAB 15.5 2.6 1121.1
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CAROLINA DIAMOND NITROGEN DATA

cont.

Sample type IaA 
(ppm)

type IaB 
(ppm) N (ppm) % B N. Agg. 

state
Platelet

Area
3107 H 

area T[N,1.5Ga]

CADJ4 41 154.5 325.5 480.0 67.8 IaAB 132.7 3.3 1165.5
CADJ4 42 355.4 105.0 460.4 22.8 IaAB 27.8 1.5 1118.1
CADJ4 43 447.8 115.0 562.8 20.4 IaAB 34.4 1.0 1110.0
CADJ4 45 126.3 277.5 403.8 68.7 IaAB 51.9 1.3 1171.0
CADJ4 46 121.1 269.7 390.8 69.0 IaAB 103.4 2.5 1172.2
CADJ4 47 89.5 246.4 335.9 73.4 IaAB 71.9 3.6 1181.6
CADJ4 48 215.2 289.2 504.4 57.3 IaAB 121.0 2.0 1152.9
CADJ4 49 326.9 242.4 569.3 42.6 IaAB 128.0 8.4 1135.2
CADJ4 50 163.9 101.2 265.1 38.2 IaAB 57.4 5.7 1149.5
CADJ4 52 239.7 315.7 555.4 56.8 IaAB 117.7 1.4 1150.0
CADJ4 54 148.1 343.1 491.2 69.8 IaAB 91.6 1.1 1167.3
CADJ4 55 269.0 261.2 530.2 49.3 IaAB 0.0 4.2 1143.6
CADJ4 56 40.6 7.8 48.4 16.1 IaAB 5.1 6.3 1162.9
CADJ4 57 526.7 479.7 1006.4 47.7 IaAB 361.1 4.5 1126.3
CADJ4 58 128.6 387.7 516.3 75.1 IaAB 152.3 9.4 1172.8
CADJ4 59 357.1 515.5 872.6 59.1 IaAB 7.0 16.4 1141.0
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RENARD Pb-Pb CLINOPYROXENE DATA
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207Pb/206Pb 2$ 206Pb/204Pb 2$ 207Pb/204Pb 2$ 206Pb (cps)
REN-M1-2-3 0.846 0.008 17.69 0.261 14.97 0.172 47064
REN-T1-7-2 0.823 0.003 18.73 0.114 15.43 0.102 130015
REN-D1-5-1 0.829 0.005 18.46 0.084 15.27 0.092 161958
REN-T1-8-1 0.832 0.001 18.58 0.090 15.46 0.087 131786
REN-T1-9-1 0.832 0.005 18.52 0.126 15.42 0.103 124528
REN-E1-4-1 0.832 0.003 18.79 0.069 15.62 0.069 117319
REN-T1-2-1 0.834 0.003 18.43 0.132 15.42 0.110 118167

REN-M1-12-1 0.836 0.001 18.24 0.060 15.22 0.074 30835
REN-T1-5-1 0.837 0.001 18.51 0.092 15.49 0.086 119595
REN-D1-9-1 0.838 0.002 18.20 0.047 15.24 0.048 164724
REN-T1-7-1 0.839 0.001 18.45 0.053 15.53 0.060 121488
REN-D1-5-2 0.839 0.008 18.28 0.072 15.33 0.031 177353
REN-T1-2-2 0.839 0.001 18.60 0.187 15.58 0.180 110474
REN-T1-1-1 0.843 0.001 18.27 0.087 15.40 0.074 118655
REN-D1-7-1 0.843 0.001 18.15 0.060 15.31 0.062 152991
REN-D1-1-1 0.843 0.005 18.06 0.120 15.28 0.096 231188
REN-A1-2-1 0.844 0.004 17.98 0.171 15.16 0.151 73974
REN-T1-1-2 0.844 0.004 18.23 0.083 15.40 0.087 128844
REN-D1-6-1 0.844 0.005 18.17 0.050 15.32 0.054 168579
REN-D1-4-1 0.845 0.002 18.15 0.163 15.32 0.171 183212
REN-E1-3-1 0.848 0.016 17.97 0.099 15.33 0.192 25664

REN-K1-11-1 0.853 0.004 18.03 0.119 15.45 0.125 63962
REN-E1-1-1 0.853 0.002 18.37 0.101 15.66 0.072 126109
REN-K1-9-1 0.862 0.004 17.80 0.165 15.32 0.189 34726
REN-J1-1-3 0.863 0.007 17.77 0.134 15.39 0.085 127021
REN-J1-2-1 0.870 0.001 17.51 0.126 15.22 0.140 129229
REN-J1-1-2 0.874 0.002 17.55 0.094 15.31 0.124 91262
REN-J1-3-1 0.875 0.003 17.39 0.100 15.22 0.104 138079

MORE RADIOGENIC CPX
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RENARD Pb-Pb CLINOPYROXENE DATA
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207Pb/206Pb 2$ 206Pb/204Pb 2$ 207Pb/204Pb 2$ 206Pb (cps)
REN-O1-6-1 0.881 0.019 16.59 0.179 14.90 0.121 40422
REN-J1-1-1 0.882 0.002 17.28 0.165 15.25 0.128 127620
REN-M1-1-2 0.904 0.022 16.72 0.284 15.21 0.167 23776
REN-K1-10-1 0.908 0.005 16.92 0.352 15.37 0.288 26391
REN-K1-5-1 0.917 0.002 16.38 0.163 15.00 0.122 25370
REN-B1-8-2 0.929 0.014 16.37 0.187 15.26 0.097 724132
REN-O1-4-1 0.936 0.008 15.63 0.194 14.69 0.158 48568
REN-P1-6-1 0.941 0.003 16.21 0.154 15.25 0.153 40284
REN-O1-3-1 0.948 0.006 15.56 0.201 14.76 0.127 47082
REN-O1-5-4 0.948 0.015 15.81 0.234 14.80 0.266 22237
REN-P1-1-1 0.961 0.006 15.81 0.220 15.22 0.242 35642
REN-B1-7-1 0.964 0.005 15.40 0.200 14.92 0.140 65886
REN-P1-5-1 0.981 0.011 15.46 0.196 15.03 0.150 34916
REN-O1-1-2 0.990 0.012 14.99 0.256 14.78 0.116 30414
REN-B1-12-2 0.995 0.008 14.96 0.232 14.83 0.155 35282
REN-B1-8-1 1.005 0.007 14.79 0.112 14.85 0.110 39495
REN-B1-2-2 1.006 0.006 14.78 0.128 14.86 0.153 55660

REN-B1-10-1 1.006 0.017 14.68 0.147 14.94 0.198 38300
REN-K1-15-1 1.009 0.007 14.50 0.224 14.66 0.214 22358
REN-M1-2-2 1.010 0.008 14.64 0.223 14.61 0.250 27003
REN-B1-3-2 1.025 0.014 14.31 0.093 14.74 0.165 39209

REN-B1-11-1 1.028 0.008 14.31 0.165 14.74 0.167 36773
REN-B1-13-1 1.030 0.009 14.23 0.127 14.65 0.081 32493
REN-B1-12-1 1.045 0.005 14.15 0.159 14.78 0.196 31687
REN-B1-3-1 1.052 0.006 14.02 0.117 14.69 0.041 38439
REN-B1-4-1 1.063 0.006 13.74 0.227 14.60 0.238 35030
REN-B1-5-1 1.068 0.004 13.82 0.077 14.72 0.134 32970
REN-B1-5-2 1.070 0.002 13.84 0.089 14.79 0.112 30809
REN-P1-7-1 1.071 0.004 14.01 0.038 15.01 0.095 21990
REN-P1-8-1 1.072 0.003 13.87 0.168 14.89 0.225 23552
REN-P1-2-1 1.073 0.007 13.83 0.247 14.78 0.168 24326
REN-P1-3-1 1.084 0.004 13.78 0.133 14.85 0.207 23315

LESS RADIOGENIC CPX
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1 2 3 4 5 6 7 8 9 10
keV

0
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 cps/eV

 Fe  Fe  Ni 
 Ni 

 S  S  Cl 
 Cl 

 K 

 K 

El AN  Series  unn. C norm. C Atom. C  Error
               [wt.%]  [wt.%]  [at.%] [wt.%]
--------------------------------------------
Fe 26 K-series  40.26   41.86   33.15    1.1
S  16 K-series  28.86   30.01   41.39    1.1
Ni 28 K-series  16.53   17.19   12.95    0.5
K  19 K-series   9.43    9.81   11.09    0.3
Cl 17 K-series   1.09    1.14    1.42    0.1
--------------------------------------------
        Total:  96.17  100.00  100.00

|������K�$���Y7����	������
� �����	�
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 Ca 
 Ca 

 O  P  Sr 

El AN  Series  unn. C norm. C Atom. C  Error
                [wt.%]  [wt.%]  [at.%] [wt.%]

--------------------------------------------
Ca 20 K-series  35.29   41.93   26.64    1.1
O  8  K-series  31.21   37.08   59.01    5.7
P  15 K-series  13.06   15.52   12.76    0.6
Sr 38 L-series   4.61    5.48    1.59    0.2
--------------------------------------------

         Total:  84.16  100.00  100.00

|������K�)���Y7����	������
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keV
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 C  O  Mg  Ca 
 Ca 

El AN  Series  unn. C norm. C Atom. C  Error
               [wt.%]  [wt.%]  [at.%] [wt.%]
--------------------------------------------
O  8  K-series  44.68   51.99   55.61    7.0
Mg 12 K-series  26.23   30.51   21.49    1.5
C  6  K-series  13.29   15.46   22.03    3.6
Ca 20 K-series   1.75    2.04    0.87    0.1
--------------------------------------------

         Total:  85.95  100.00  100.00

|������ K�+�� � �Y7� ���	����� �
� ���� �	�
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1 2 3 4 5 6 7 8 9 10
keV

0

2

4

6

8

10

12

14
 cps/eV

 C  O  Ca 
 Ca 

El AN  Series  unn. C norm. C Atom. C  Error
                [wt.%]  [wt.%]  [at.%] [wt.%]

--------------------------------------------
Ca 20 K-series  44.51   43.47   21.89    1.3
O  8  K-series  41.25   40.28   50.80    6.8
C  6  K-series  16.65   16.26   27.31    2.8
--------------------------------------------

         Total: 102.41  100.00  100.00
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ELEMENT MAPS OF SULPHIDE BEARING INCLUSIONS
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ELEMENT MAPS OF SULPHIDE BEARING INCLUSIONS
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ELEMENT MAPS OF SULPHIDE BEARING INCLUSIONS
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Appendix C

Diamond Desciptions



Appendix C

DIAMOND MORPHOLOGIES
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DIAMOND INCLUSIONS
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DIAMOND INCLUSIONS

209

��

"�

|������4�B���5�4�	���	�������	���������������
������
�����	������������:�����	�
��������� �	����� 
��
���� ��� ���� ���
����� "5� 4�	���	���� ���	������� ������ ��������
polarised light



Appendix C

DIAMOND INCLUSIONS
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DIAMOND SURFACE FEATURES
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DIAMOND SURFACE FEATURES
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