Diamond:
Genesis, Mineralogy and
Geochemistry

88 Reviews in Mineralogy and Geochemistry 88

TABLE OF CONTENTS

1 A Review of the Geology of Global Diamond Mines and Deposits

BA Kjarsgaard, M de Wit, LM Heaman, DG Pearson, J Stiefenhaofer,
N Janusczcak, SB Shirey

INTRODUCGTION ...ttt sttt sttt 2
Brief historical overview of the key diamond diScoVeries.........cccceoerieneenenieneeniennne. 4
Classification of mined diamond depoSits...........ccceeviriiriciniiininiiiercecieceeae 6
Tiered classification system of primary magmatic-hosted diamond mines................... 6

MAGMATIC SOURCE ROCKS ..ottt sttt ettt 7
General background and historical Perspective...........cceeevereereerieiienieneeee e 7
The diamond-bearing VOICANO .......cc.eeuiriiriiiiiiiienicieete ettt 13
Mineralogy and mineral CheMISIIY.......ccc.ooiriiiiiiiiiiiee e 25
WHhole rOCK ZEOCHEIMISIIY ...c..eeviviieiirteitietirieeie ettt 34

PRIMARY DIAMOND MINES.......cccoiiiiiiiiiiineieeet ettt 44
Distribution of primary magmatic-hosted diamond mines...........ccccceeeecuereeneenennens 44
Economic characteristics of global diamond mines ...........ccceceeeeveieierereenieneniennenn. 47

KIMBERLITE AND LAMPROITE GEOCHRONOLOGY AND THE TEMPORAL

DISTRIBUTION OF PRIMARY DIAMOND DEPOSITS........ccecteiiiiiiiiieiereiceenen 51
Veracity of kimberlite and lamproite 2eochronology............cocceeveerieneriicniiincenenniens 54
Global patterns of kimberlite and lamproite emplacement ..............cocceecuerienieneenene 55
Summary of global kimberlite and lamproite age distributions............c.cccceceeveuennenenn. 60
The geochronology of primary diamond deposit formation.............cccceeeeveereenennnene 61
Diamond deposit temporal WindOWS .............ccceiviiiniiiiiniiiniiencieeeeee e 65
Origins of kimberlite diamond deposit temporal Windows ...........cccceverueriencenennienne 68

REVIEW OF GLOBAL SECONDARY DIAMOND DEPOSITS.......cccccectneiniineieenenenn 70
BacK@rOUNG. ..ottt et 70
ATCREAN. ...t 71
PIOEIOZOIC. ...ttt 73
PalEOZOIC. ...ttt
IMESOZOIC. ..ttt sttt ettt ettt ettt e eae
Cretaceous
CRINOZOIC ...ttt ettt
Summary of economic diamond PlACETS .........cc.eecuiriirieriieiieieeee e 102

ACKNOWLEDGEMENTS ......oitiiitiiiirieieieeteet sttt sttt ettt 102

REFERENCES ..ottt b ettt sttt 102



Diamond — Table of Contents

2 Morphology of Monocrystalline Diamond and its Inclusions
JW Harris, KV Smit Y Fedortchouk, M Moore

INTRODUCTION ...ttt ettt sttt ettt sttt b et e s seneee 119
PRIMARY GROWTH MORPHOLOGY ....cooitiiiiiieiinieiniiieieneei sttt 120
Octahedral diamond...........coooiiiiiiiiiiiiee e 120
Diamonds of cubic habit........c..ccooiiiiiiininiiiice e 121
Mixed-habit diamonds with cubo-octahedral morphology ...........cccccecveviiiincnnenne. 122
COALEA STOMES......ueueiiiiniiiieiieteteiet ettt 122
Tetrahedral diamond
Trregular diamOndS. ........coouiiiiiieiieie e
SECONDARY MORPHOLOGIES OF DIAMOND.......ccoccctmiiniiiineinceneeeieeeeeeeenes 127
Dodecahedroid and tetrahexahedroid (THH) formation conditions...............c.......... 129
INTERNAL FEATURES OF DIAMOND .....oooiiiiiiiiiiiienienieeseeie ettt 130
Influence of nitrogen content on internal features.............ccccceeeevveneincinccincnennn. 130
Internal features of Type I (nitrogen-containing) diamonds............cccoocvvcircnnennne. 132
Mixed-habit diamonds with cubo-octahedral growth............cocooiiiiiiiiniiiiie. 134
Features of Type Ib diamonds ..........cccooiiiiiiiiiiiiieieeeeeee e 135
Twinned diamonds........c..couevverieiiiniiniiniinen e 137
Concluding remMarks.......coouiiiiiiiiiiii e 137
SURFACE TEXTURES........ccooiiiiiiiiiie ettt 138
Octahedral growth fEatures. ...........coooiiiiiiiiiiiiiicccce 138
Octahedral dissolution fEAtUIES ............coceeiieiiieiiiiieii e 139
Cubic Growth fRATUIES.....c..eiuiiiiieiieieeie et 142
Cubic disSOIULION fEALUIES .....c..ecviiiiiiiiiriiitcieee e 143
Dodecahedroid and THH features............ccocoveviviiiniiiiiniiiiiiiicicceicices 144
Surface features formed at the Earth’s surface ............cocccveeiieniinciiiniinincne. 149
Concluding reMATKS........c.ooueiiiiiiiiiiiiece e 154
MINERAL INCLUSION MORPHOLOGY .....ccviutieiinieiieiiieiineeitnieiesieeeie sttt 154
Synchronous iNCIUSIONS ........couiiiiiriiiieiieeee et 154
Epigenetic INCIUSIONS......c.iiiiiiiiiiiiiieete et 157
FINAL REMARKS .....ooiiiiiiiiiieee ettt 160
DIRECTIONS FOR FUTURE WORK .....c.ccoiiiiiiiiiiiiieneseseneee ettt 160
ACKNOWLEDGEMENTS ..ottt ettt ettt 161
REFERENCES ..ottt sttt ettt ettt sttt b et b et ee 161

3 Polycrystalline Diamonds from Kimberlites: Snapshots of Rapid and
Episodic Diamond Formation in the Lithospheric Mantle

DE Jacob, S Mikhail

INTRODUCTION ....ouiiiiiitiiitiieitnietetetee ettt sttt ettt sttt 167
NOMENCLATURE ......cooiiiiiiitiiineerteteee ettt ettt 168
POLYCRYSTALLINE DIAMOND AGGREGATES FROM KIMBERLITES.................... 169
INSIGHTS FROM DIAMOND GEOCHEMISTRY ......ooeiinininininenenteeeeieeeeeeeee 170
Source(s) of diamond-forming metasomatic fluids ..........cocceereeiienoiiieniiiieeeeee 170
Nitrogen aggregation and mantle residence times............ccceceeveerieriienieneenieeieseene 174

INSIGHTS FROM THE GEOCHEMISTRY OF NON-DIAMOND COMPONENTS IN

vii



Diamond — Table of Contents

POLYCRYSTALLINE DIAMOND AGGREGATES........ccooeooiiiiiiiee e
Macro-inclusions and INtErgrOWthS ..........cccuiriirieriiieeiecee e
Trace elements and radiogenic isotopes of silicates in PDAs
MICTO-TNCIUSIONS .....evveeeeieiee ettt ettt et e et e e e e e e e et e e e eeateeeeeaeeeeeaseeeeenneeeennns
Depth Of OTIZIN ..ottt
Constraints on the formation age(s) of PDAs .
OXIAAION SEALE ....evvveeeereie ettt eeeee e eere e e e etee e e eete e e e eeaeeeeeeaeeeesesaeeeeereeeeensreeeeennees
OVERVIEW OF CURRENT UNDERSTANDING FOR
POLYCRYSTALLINE DIAMOND FORMATION .......c.ccooiiiiiiiiieeiee e 182
PERSPECTIVES ON FUTURE RESEARCH ...... ..184
When did PDAS form? .........ccooveveveveeeenn. .. 184
What fOrmed PDAS?.......eeeiieeeeeeeeeeeeee ettt e 184
HOW d0 PDAS FOIM? ..ottt e et e et e e eeaaeeeeeans 185
ACKNOWLEDGMENTS .
REFERENCES ...ttt ettt ettt e eae e et e e eaeeeeaeseaeesaeeeaeeenaeeenaeeenneeens
4 Non-cratonic Diamonds from UHP Metamorphic Terranes,
Ophiolites and Volcanic Sources
LF Dobrzhinetskaya, EF O’Bannon 111, H Sumino
INTRODUCTION ...ttt ete et e e eat e e eaaeeeaeeeeaeseeaeeeneeeaeeeseeenneeenneeens 191
DIAMONDS FROM ULTRA-HIGH-PRESSURE METAMORPHIC TERRANES........... 193
The history of microdiamond discoveries in the Kokchetav massif, Kazakhstan..... 193
New microdiamond localities discovered between 2011 and 2020.........cc..cceeuvveenne. 199
Lonsdaleite from WGR, Norway and Kokchetav massif, Kazakhstan, and a
problem with it identifiCation...........coeeviiieiiiiieiee e

ISOTOPIC STUDIES OF UHPM DIAMONDS
Carbon and nitrogen isotopes, and nitrogen content in UHPM diamonds
Noble gas isotopes in diamonds from UHPM terranes ..........c..cceceveeverieneeneencnne
MECHANISMS OF METAMORPHIC DIAMOND FORMATION............cccc.......
OPHIOLITE-HOSTED AND VOLCANIC DIAMONDS ......cccccooeimiininieennennnn
Ophiolite-hosted diamonds...........c.ceveerieriinienieiieieeeeeeee e .
Ophiolitic diamond formation hypotheses ..........c.ccecuereeriiniriiiniiniieniereeeeen
Localities of ophiolites-hosted diamonds formed at mantle depth............c...c..cc.......
Carbon isotopes, nitrogen content and nitrogen aggregation in
UHPM ophiolitic diamonds...........ceeouerieriiiienienienieeieeteseeieee et 232
Shallow diamonds from OphiOlItes ..........eeouiriiriiiiiiiiiieceee e 233
Ophiolite-hosted diamonds and super-reduced minerals and alloys formed from
natural lightning StrKes .........oocoiviiiiiiiiiii e 235
Volcanic diamonds from Kamchatka, Russian Federation................ccoevvvvvvvveeennnn. 235
Are diamonds from ophiolite and modern volcanic eruption myth or reality? ......... 236
MISIDENTIFICATION OF MICRODIAMONDS DUE TO CONTAMINATION
FROM SAMPLE PREPARATION ......ccoccimiiiiiiniiieiinietnte ettt 237
General precautions and eXamples ..........cocuerieririirienieneeeeeeeee et 237
Raman spectroscopy: indigenous diamond vs. its synthetic counterpart.................. 238
How to prove that microdiamond is indigenous .
FUTURE DIRECTIONS ..ottt ettt sttt
ACKNOWLEDGEMENTS ..ottt sttt et
REFERENCES .....ccooiiiiiiiiieiteeet ettt ettt




Diamond — Table of Contents

5 Crystallographic Methods for Non-destructive Characterization of
Mineral Inclusions in Diamonds

RJ Angel, M Alvaro, F Nestola

INTRODUCTION ..ottt e e e et e e ae e e ete e s ete e etessateeenteesateesnseeenseeas 257
DIAMOND GROWTH ENVIRONMENT: STRUCTURES OF INCLUSIONS................. 258
Single-crystal diffraction eXperiments............coccveereriienierienenieneereee e 260
Structure refinements of inclusions
IMEENOMAS ...ttt ettt et e e e e e et e e e b e e easeeease e taeeesaeereeesaeereeeans
EXAMPIES ..ttt
DEPTH OF DIAMOND GROWTH: ELASTIC THERMOBAROMETRY ......c..cccovevevean. 278

Examples
FUTURE PERSPECTIVES ...ttt 298
ACKNOWLEDGMENTS ...ttt ettt ettt et seebeenee e 299
REFERENCES ...ttt ettt b et et e et e bt et e e st e seeneenne e 300
6 Mineral Inclusions in Lithospheric Diamonds

T Stachel, S Aulbach, JW Harris

INTRODUCTION ..o 307
A history of inclusion discovery in lithospheric diamonds............c.cccoocvrccinennnnne. 308

The inclusion—diamond relationShip ..........cccoceviviiiniiiiiniiicce 312
Inclusion suites and PArAZENESES .......cueeueerteerieeieeeierieeiteeteeiie st enteeteeieesseeeeenaeeneenees 314
Origin and evolution of subcratonic lithospheric mantle ..........ccccccoecinecincincnnennnn. 315
DaataDASES ......eviieiieieie et 317
MAJOR ELEMENT COMPOSITION OF PERIDOTITIC SUITE INCLUSIONS AND
COMPARISON WITH CRATONIC PERIDOTITE XENOLITH MINERALS................ 318
OIVINC -ttt ettt st b e bbbt bbbt bbbt e bbbt eae bt e e s eneen

Orthopyroxene
Clinopyroxene

Mg-chromite

Key observations and CONCIUSIONS .....c..cc.evverireriirireniineneeeee ettt 329
TRACE ELEMENT COMPOSITION OF PERIDOTITIC SUITE INCLUSIONS AND

COMPARISON WITH CRATONIC PERIDOTITE XENOLITH MINERALS................ 331

CLINOPYTOXEIIE ...ttt e
OLIVINE ..ottt ettt
Discussion of trace elements in peridotitic inclusions
Key observations and cOnCluSions...........coceeevereeeeeeeenns
ECLOGITIC-PYROXENITIC SUBSTRATES
Occurrence, mineralogy and classification of eclogite/pyroxenite inclusions and

XENOTIERS L.eiaiitie ettt 352
Ages of eclogite/pyroxenite xenoliths and inCluSiONs ........c..cooceeveriienieninncnicneenne. 353
Comparison between eclogitic/pyroxenitic inclusions in diamond and their barren

and diamondiferous xenolithic COUNtETPAILS ..........ccerverrerirereriieneeieeeiceeeienen 355

ix



Diamond — Table of Contents

Thermobarometry for eclogitic/pyroxenitic inclusions, and kinetically inhibited
element rediStribULION .......c..o.ioiiiiiiiiciiciee e
Source rocks of eclogitic and pyroxenitic diamond .
Diamond formation mechanisms in eclogitic/pyroxenitic source rocks ................... 372
Evolution of the mantle eclogite reservoir and consequences for
dIaMONd PIESEIVALION .......ieuiieieiieieeiteetie st ettt ettt et tee e e e etesaeesseebeeneeeneas
Key observations and conclusions
ACKNOWLEDGEMENTS ........ccoeoiviiieenn. .
REFERENCES .....c.oooiiiiiiiiiiiteeeetee ettt ettt

7 Geochemistry of Silicate and Oxide Inclusions
in Sublithospheric Diamonds

M]J Walter, AR Thomson, EM Smith

INTRODUCTION ...ttt ettt ettt sttt se st sttt ebeneeseesenes
MAJORITIC GARNET
Major and minor element compositions.... .
Majoritic Zarnet DArOMEIIY ........cecuieuieriieieeieeiie ittt ettt ettt e e e e
Trace element COMPOSILIONS .....cc.eiuirririeieieiieietetetet ettt st see e
CaSiO;-RICH AND MgSIO;-RICH INCLUSIONS
CaSiO;-RICH INCLUSIONS ......ccocecvvineeniennnee
Major and minor element compositions.... .
Phase REIAtIONS.......cccuiviiuiiiiiiiiieiiiccttce e s
Trace element compositions
MgSiO;-RICH INCLUSIONS .......ccccovviieenene.
Major element compositions
Trace element compositions .
FERROPERICLASE ..ottt ettt
Major element compositions
Trace element compositions
OLIVINE

DISCUSSION .....oooiiiiiiiiiiiiiccccc e
Diamond precipitation from fluids and melts
Stable isotope compositions of diamonds and inclusions

The origin of sublithospheric inclusions in fluids and melts...........cccccceeveeininennnne.
SUMMARY AND PERSPECTIVES
ACKNOWLEDGEMENTS ..
REFERENCES .......ociiiiiiiiiiii s

8 Raman Identification of Inclusions in Diamond
EM Smith, MY Krebs, P-T Genzel, FE Brenker

INTRODUCTION .....oooiiiiiiiiiiiiiiceciecce s 451
PRINCIPLES AND METHODS .....cccooiiiiiiiiiiiiiiiiiiiccicc e 452



Diamond — Table of Contents

RaAMaN SPECIIOSCOPY ..nveeutienieiiietieie ettt ettt ettt ettt ettt e b e e eaee s 452
Instrumentation and sample conSiderations............coeeererererereneneeeeieeeceeeeenee 452
Common challenges
INCLUSION IDENTIFICATION .....ooooiiimiiiiiiinieieieneteiee ettt sttt
Inclusions in lithospheric diamonds...........cccovevereieneninenineeeeceece
Inclusions in sublithospheric diamonds ..........c.cccccceuennnenee.
Remarks on some specific inclusion types
Additional high-pressure phases...........cocevveeerereeineeeenens
VOLATILE COMPONENTS ......oouiiiiiiiieiiiieert ettt sttt
RAMAN BAROMETRY ..ottt ettt
Host diamond barometry ..........c.ccceceeueene
Inclusion barometry............cccceceeveeeueennens

CONCLUDING REMARKS......cccoovieeeiieeeiene.
ACKNOWLEDGEMENTS ...ttt e ettt e et e e aaee e e ssbaeeesaaaeeeesnaeeanns
REFERENCES ..ottt ettt ettt ettt ebeeseebeeseesaeteeseessessessessessessessensan
9 Fluid Inclusions in Fibrous Diamonds

Y Weiss, J Czas, O Navon
INTRODUCTION ..ottt ettt ettt e et eevaeebaeebaeensaesasaesasaesasaesnsaesssaens

FLUIDS IN DIAMONDS—EARLY OBSERVATIONS

FIBROUS DIAMONDS ...ttt ettt ettt sttt ettt ettt ee
Morphology and Texture ..........c.ccceceevuernene
Nitrogen concentration and aggregation
Carbon and NItrOZEN 1SOLOPES ......cueuveuiieuiiiiieieieiieieie ettt 479

THE ANALYSIS OF FLUID INCLUSIONS IN FIBROUS DIAMONDS:

HISTORICAL PERSPECTIVE AND METHODS ........cccooiiiiiiiiniinicincceee 481

The microinclusions and the mineralogy of their secondary assemblage.................. 481
Major elements aNALYSIS .......eeveriieriieiieieriieie ettt ettt ettt
H,O and CO, in the HDFs: Connecting EPMA and FTIR
Trace element ANalySiS........cc.eiierieriieiie ettt
Radiogenic 1SOtOPE ANALYSIS ..c.vevirierierierieriente ettt
Noble gas and halogen analysis

THE COMPOSITION OF HIGH-DENSITY FLUIDS ......cceotniiiniiniieneencenceeceeenne
The discovery of the various types of high-density fluids........c.ccecevvivvniiiiininncnnene.
Homogeneity and zoning in individual diamonds
Major element composition......................
Trace element composition...........cc.ccc.e....
Sr, Nd and Pb isotopic compositions
Noble gaS COMPOSILIONS.......cueiueuirieieiiieiiitcieietete ettt 501
Halogen compositions
High-density fluid microinclusions in non-fibrous diamonds ...........cccccceeeveceeiennee. 504

TEMPORAL AND GEOGRAPHICAL DISTRIBUTION OF

HIGH-DENSITY FLUIDS .....ccoitiiiiriiinietiteteteieiesteee ettt ettt

Temporal distribution of high-density fluids .........ccocooiiiiiniiniine,
Geographical distribution of high-density fluids
High-density fluids and lithospheric lithOlOgY ..........cccevireriririniiiciececeeeen

THE FORMATION OF HIGH-DENSITY FLUIDS .....ccocceoiiiiiniiiniieenetnceeeeeene

Xi



Diamond — Table of Contents

Pressure and temperature of fibrous diamond formation ...........cccocccevieienieneenncnne.
High-density fluids as 1ow-volume melts ...........ccoecvreirenieineinciicececeeeene
Immiscible separation between the various high-density fluids .
Formation of high-Mg carbonatitic high-density fluids .........c.ccooceeinininininnne.
Formation of silicic to low-Mg carbonatitic high-density fluids.............ccccceneeneee 511
Formation of saline high-density fluids..........ccccceeveviiiiiinencnnene.

HIGH-DENSITY FLUIDS AND DIAMOND FORMATION..................

HIGH-DENSITY FLUIDS, DIAMONDS, AND METASOMATISM .

HIGH-DENSITY FLUIDS, KIMBERLITES, AND ALKALI MANTLE MELTS ............ 516

SUMMARY AND CONCLUSIONS.....c.ccoeiiiiiiinieiinetntet ettt 520

ACKNOWLEDGMENTS ..ottt ettt 521

REFERENCES .....c.oooiiiiiiiiiiieeeetee ettt 521

1 O Pressure and Temperature Data for Diamonds

INTRODUCTION ..ottt sttt ettt ettt ettt et ena et st st sbesaennens 533
METHODS FOR DIAMOND THERMOBAROMETRY .......ccccueiiiiiiiiiiiicieneniesenennens 533
TRETINOIMEITY ...ttt ettt et ettt et et e b 534
Barometry .
Best practices in diamond thermobarometry ...........cccceceeveineenieniiinienienenceeceeee
P—T DATA FOR DIAMONDS ..ottt et
Lithospheric diamonds ..........c.ccooceeviinenienieniienieeeee
Sublithospheric diamonds ..........cccccceeviveiniieincenennnns
CONCLUSIONS AND FUTURE WORK ........ccccovviuiiiiininnne .
ACKNOWLEDGMENTS. ..ottt
REFERENCES .....c.oooiiiiiiiiiiiieieeeee ettt

1 1 Geochronology of Diamonds

KV Smit, S Timmerman, S Aulbach, SB Shirey, SH Richardson, D Phillips,
DG Pearson

RADIOGENIC ISOTOPIC DATING METHODS AND
APPLICABLE INCLUSION TYPES. ... .ottt 574
4()Ar/39Ar

SOURCES OF UNCERTAINTY WHEN DETERMINING DIAMOND
FORMATION AGES ...ttt st
Protogenetic versus syngenetic debate ...
Sources of uncertainty in silicate studies

xii



Diamond — Table of Contents

Sources of uncertainty in sulfide StUIEs .........cocevverririrerininenieieeeerceecreeeee 594
Sources of uncertainty in both silicate and sulfide studies.........cc.cceeevevecieiiireceennene 600
CLASSIFICATION OF AGES BY TYPE OF DIAMOND SUITE
Single diamONd QZES.....ccoueiuiiriieiieiieie et
Multiple diamond QZES .......c..eovevtirieriirirenine ettt
Practical definition for geologically meaningful diamond ages........c..cccccevueruennnnne. 608
Indirect evidence for the antiquity of diamonds........c..cccceveeiririeriniinenicicieceee 609
GEOLOGICAL APPLICATIONS:
WHAT DIAMONDS AND THEIR AGES HAVE REVEALED........ccccccectnirinineinennes 611
Detrital diamond deposits: provenance, glaciation, geomorphology, and
Plate TECONSIITUCTION ...ttt ettt ettt e eseee e

Diamond ages and craton evolution
Formation of the first cratonic blocks, craton assembly and the
ONSEt OF PlAtE LECTOMICS ..eouviiuiiiieiieie ettt ettt ettt ettt e s
Craton modification associated with diamond growth ..........ccccceoeviiiiiniininncnene.
Sublithospheric diamond ages............eerueriirierieieiieieee e
Diamond ages and implications for recycling of volatiles into the mantle
HOW FAR HAVE WE COME AND WHERE SHOULD WE GO?..........cccocccvvevninnnnnnn. 622
ACKNOWLEDGEMENTS ..ottt 625
REFERENCES ..ottt et 625

1 2 Diamond Spectroscopy, Defect Centers, Color, and Treatments
BL Green, AT Collins, CM Breeding

OPTICAL SPECTROSCOPY OF DEFECT-FREE DIAMOND........ccccccevtviniiieieieiennns 637
The nature of light ..o
Phonons and Raman scattering.................
Optical absOrption ..........ccceeeeeveeevieeeeneeens
Absorption processes in diamond
Infrared abSOrPtioN ........ccouieiiiieiieiee e

SPECTROSCOPY AND PROPERTIES OF IMPERFECT DIAMOND . ........ccccccecteieiennens 642
INEOAUCTION ..ottt 642
Ultraviolet and visible absorption and [uMIinesCence............eceeeeereeeeeeeeeeeenennes 643
Donors, acceptors, and charge transfer
Generation Of TUMINESCEICE .....c..evveriiriirieniirtirientenee ettt
PROSPROTESCENCE ...ttt ettt ees
Infrared absorption ...........c.ccceceevieeieneens
Electron paramagnetic resonance.............
Quantification of defect concentrations....

THE CLASSIFICATION OF DIAMOND...........
Nitrogen......ccceceeeveunee
Aggregated nitrogen ..

SUIMIMATY <.ttt e et et e et e eseesse e beenbeeseesseeseenseeseeseennean
POINT DEFECTS IN DIAMOND
Intrinsic



Diamond — Table of Contents

OUNET CIEIMIENES ......vvveee et et ettt eeee e e et e e e et e e e et e e e eeaaeeeeeaeeeeeeaaeeeeeseeeeenaneeeeanes 669
NATURALLY COLORED DIAMONDS ...ttt 670
Yellow diamonds
Brown diamonds
Pink to red diamONdS ..........coovvviiieiiiie ettt et 672
Blue diamonds
Green dIAMONAS. .......oooiveiieeirie ettt eeeee e eete e e et e e e et e e e eetaeeeeeteeeeeeaaeeeeeaeeeeenaneeeeanes
Violet dIAMONAS.......vveiieiiiee ettt et e e e e et e e et e e e eaeeeeeaaeeeeeaeeeeenes
TREATMENTS TO CHANGE THE COLOR OF DIAMOND....
Irradiation .............
HPHT treatment
Combination treatments
USING OPTICAL SPECTROSCOPY TO DETECT TREATED DIAMOND.................... 679
Detection of HPHT treatment .
Detection of irradiation treatment (including subsequent annealing) .......................
SUMMARY ..ot ettt e e e e ettt e e e e e e e eetaeeeeeateeeeeareeeeeaaeeeenreas
ACKNOWLEDGEMENTS .... .
REFERENCES ...ttt ettt et e e et e e e et e e e eetaeeeeenaaeeeeeaaeeeennes

1 3 Synthesis of Diamonds and Their Identification
UFS D’Haenens-Johansson, JE Butler, AN Katrusha

INTRODUCTION ..ottt ettt ...689
HIGH PRESSURE, HIGH TEMPERATURE GROWTH OF DIAMOND ..091
Principles Of SrowWth ......co.oooiiiiiiii e 691
Technology Of GrOWHN.....c...iiiiiiiiee e 693
Selection of metal solvent/catalyst ...696
Diamond seed CONSIAETations .........ccceveeeieieieieieieieteeetererereee et 697
Effect of growth temperature and PreSSUIES .........cc.evverierieerierienienieeieereseenieeee e 699
Doping and control of color center content...............c....... ... 700
Large HPHT diamond growth ..........ccccoooeviiiincniincnnn. .. 702

CHEMICAL VAPOR DEPOSITION OF DIAMOND .. 703
.. 703
.. 704
... 705
705
708
... 709
709
710

711

.. 713
Background.........cc.coouiiiiiiiiie e .. 713

Identification toOlS.......ccceeeeevreeeecrneeeennns .. 714
Identification of HPHT diamonds 715
Identification of CVD diamonds ............ .. 733
CONCLUDING REMARKS ... .ottt eee ettt et eeae e eaeeenaeeenneeens 741
ACKNOWLEDGEMENTS ...ttt ee et eeaee et e eaeeeaeeeaeeeraeeenneeens 741
REFERENCES ...ttt ettt et eat e et e et e e eteeeaeesaeeeaeeeaeeenneeenneeens 741



Diamond — Table of Contents

1 4 Experimental Petrology Applied to Natural Diamond Growth
RW Luth, YN Palyanov, H Bureau

INTRODUCTION ...ooiitiieiiieiee ettt ettt e et e et et eetaeeetaeeetaeeaeesbaeeaseesaseesaseesareens
How can experiments help?..........c..........

CONCEPTUAL BACKGROUND ......uoiiiiiiiiicetie ettt eete et eee e e eaeeeeveeeeneesneeanns
Stability of dIamMONA .........ceeiiuiiiiiiiiiiiiccce e
Source of carbon
Fluids, melts, and supercritical fluids proposed to form diamond ..............ccccueueee. 758

C—O=H FLUIDS ...ttt ettt ettt et e v e s e eaae e eareeeraeeetseeesaeeereeebeeereeenns
OVerview .......ccceeeene.
Experimental issues..........
Possible future directions .

CARBONATES ...ttt et ettt ettt ete e e e e e et e e eaeeeeraeeeaeeeeseseereeeteeeseeanes
OVEIVIEW ettt e e et e et e e e et e e e eaa e e e eeaaeeeeeataeeeeaeeeeeeaaseeeeaneeeenaseeeennnes
Experimental iSSUES ........ccccocvevueriieneenneenne
Possible future directions ...........cc...........

SILICATE MELTS .....oooiiieieeeeeeee e
OVEIVIEW .cvvieeireeitreeeiteeeteeeteeeeteeeeteeeeseeeeseeeseeeaseeesseeesseeesseeesseeesseeesseeasssesseensaeeseeanns
EXPErimental 1SSUES .......cecuiiiiiiieitieieeiie ettt ettt
Future directions

BRINES ...ccooovvieiiieeieeee.

CARBONATE-CHLORIDE SYSTEMS ...............

MODEL CARBONATE-SILICATE SYSTEMS
OVEIVIEW rviiiiiiieeeeiiiee et e e ettt e e e etae e e eetae e e eetaeeeeeaseeeeetteeeseasseeeesseeeeassseeesssesenanssaeeannes
FULUIE QITECHIONS .. vttt ettt e e e e et e e et e e e eat e e e eeaaaeeeeaaeeeeenreeeeennes

MULTICOMPONENT CARBONATE-SILICATE MEDIA AND

“DIAMOND-BEARING” ROCKS ....ooiiitiiitiecee ettt ettt evee e enaeeneas

OVETVIEW ..vveeiureeiiteeetteeeeeeeteeeeteeeeteeeeseeeeseeeseeeseeeaseeetseeeaseeesseeesseeesseeesseensseenseeeseeanns
EXPErimental 1SSUES .......cecuieiiiieitieieeiie ettt ettt ettt ettt
Future directions..........ccccveeeevveeeeiveeeeennns

SULFIDE MELTS ....cooviiiiiiiieieieeeee e

CARBONATE REDUCTION........cc.ccoovvevureennnne

DIAMOND-ANVIL CELL EXPERIMENTS
OVEIVIEW viiiitiieeeeiieee ettt eett e e et e e et e e e e eaaeeeeeaseeeeetteeeseaaseeeesseeeseasseeeeaseeeeenseaeennnes
FUuture DIr€CHONS ......eeeeuvieeeeieee ettt

CARBIDES: SOURCES OF CARBON AND REDUCING AGENTS ......cooovivviieieiieens

INCLUSIONS IN DIAMOND: EXPERIMENTAL CONSTRAINTS .....ccoeovviiiieiieeenene

NITROGEN AND BORON STUDIES........ooootiiiiiieiieceeeetee ettt eaeeenae e
OVEIVIEW reiiiiiiieeeeiieeeeetie e e ettt e eette e e e tbeeesetaeeeeeabeeeetseeeseasseeeansseeeassseeessseeeansaaeeannes
Future directions..........cccceeeeeevveeeecvveeeennen.

CARBON ISOTOPE STUDIES ........ccoeevvveeveennee.

DIAMOND DISSOLUTION EXPERIMENTS
OVETVIEW .vveeiureeieieeeiteeeeeeetteeeteeeeteeeeseeeeseeeseeebeeesseessseesaseeesseeesseeesseeasssesseensaeeseeenns
Future directions

CONCLUSIONS........ccveene..
WHhere t0 fTOM NETET ... et 797

XV



Diamond — Table of Contents

ACKNOWLEDGMENTS ...ttt ettt ettt et st e e 797
REFERENCES ... oottt ettt be e bt et e st esbee e ene 797
1 5 Carbon and Nitrogen in Mantle-Derived Diamonds

T Stachel, P Cartigny, T Chacko, DG Pearson

INTRODUCGTION ...ttt ettt ettt sttt 809
Diamond as a unique probe to study mantle carbon and nitrogen cycles .... ...809
DiIamONd EYPES...ccuveeueiriieniieiieieeie sttt ..811
A brief history of diamond stable isotope studies (1940-2000) ..813
Early models: some still in cOnSideration............ccceeeuerierienennienienieneeieereeeeeeee 817
Negligible diffusion and homogenization of C and N in diamond............................ 820
Database and methodS .........ccoevieiiieiniiiiniiiiie e 820

CARBON ISOTOPE COMPOSITION OF DIAMOND AND ITS RELATIONSHIP TO

INCLUSION PARAGENESIS .......coiiiiiiiiiiiiieteeeee ettt
PEridOtitiC SUILE ....eviviiieiieiiiieciiee ettt
ECIOZILIC SUILE c..euveteetiiesteeteeieete ettt ettt ettt s
Websteritic (pyroxenitic) suite .
Asthenospheric and transition ZONE SUILE ............cerueeruerieriienieeieeiesieeie e 825
Lower Mantle SUILE .........cciiiiiiiiiiiiiiiiceceeee s 826
Commonalities and differences of the isotopic composition of diamond carbon across
MANLIE TESEIVOITS ..viuiiiiiiiteiieieieeetet ettt ettt s 827

NITROGEN ISOTOPE COMPOSITION OF DIAMOND AND ITS

RELATIONSHIP TO INCLUSION PARAGENESIS ......cooiiiiiiiiiiiieieiecieeeerie e
PeridOtitiC SUILE ......evveiiieiieiiiiieiieiieiet ettt
Eclogitic suite...........

Lower mantle suite ... -
Commonalities and differences of the nitrogen isotope composition of diamond
ACTOSS MANEIE TESETVOITS .....uveiiiieiiieiietieeteetetet ettt 832
RELATIONSHIPS AMONG A"C, AN AND NITROGEN CONTENT.........cccccecervemennene. 833
8"C and nitrogen content
8N and nitrogen content

O1C AN BN L.ttt
ORIGIN OF COVARIATIONS AMONG A®C, AN AND NITROGEN CONTENT ........ 840
High-temperature stable isotope fractionation .............ccoeceereeiierienienieeeeeeseeee e
Equilibrium carbon isotope fractionation factors related to diamond .
Equilibrium nitrogen isotope fractionation factors related to diamond..................... 848
KINEtic @ffECtS ..ot 851
Mixing Of fIUIAS ...oveeiiiiei e 856
Isochemical precipitation of diamond and Rayleigh isotope fractionation in
MUItI-COMPONENT SYSIEIMIS ...evveitetienieeiteeiteste ettt sttt ete ettt sae et et esaeenaeeanesieen 856
Diamond formation driven by pH changes in ionic fluids..........ccccoeceeniiiiniincnnnne 860
Diamond through time—in situ carbon and nitrogen isotope data for diamonds
with Paleoarchean to Meso/Neoproterozoic formation ages.........c..cceceeeeereeeeennee. 860
ORIGIN OF LARGE RANGES IN ABC AND APN—

THE RELATIVE ROLES OF MANTLE, SEDIMENT AND OCEANIC CRUST .......... 862
FUTURE DIRECTIONS ..ottt ettt ettt 865
ACKNOWLEDGMENTS. ...ttt ettt ettt 866
REFERENCES ..ottt ettt 866



