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Viljoen et al. (2022 - Lithos)
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Terminology based on zoning

Giuliani (2018 - Lithos)
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Complexity of zoning

"

Howarth and Taylor (2016 - Lithos)
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Complexity of zoning
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Compositional zoning of olivine
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Electron probe microanalyser

Howarth and Gross (2019 - GCA)
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1. Al-in-olivine thermometry used to understand
SCLM sampling depths

2. Correlations between core and rim compositions

indicate kimberlite melt influenced by SCLM
assimilation

3. Complex rim zoning used to constrain kimberlite
petrogenesis from source to surface

4. Melt/fluid inclusions can be used to understand
kimberlite melt compositions and evolution
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Global olivine core-rim correlation
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Giuliani et al. (2020 - Science Advances)
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Tips on use of the Al-in-olivine
thermometer

T[°C] = (11245 + 46.0 * P[kbar])/(13.68- In (Al[ppm])-273

Bussweiler et al. (2017 - Lithos)
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Performs well compared to two pyroxene thermometer of Brey and Kohler (1990)

Slight overestimation of T relative to single cpx thermometer of Nimis and Taylor (2000)
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Bussweiler et al. (2017 - Lithos)
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 Al-in-olivine thermometry can be used to calculate equilibration P-T-depth

e Team diamond - https://cms.eas.ualberta.ca/team-diamond/downloads/
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Practical application of the Al-in-olivine
thermometer — Koidu kimberlites

Andrea Giuliani, Yannick Bussweiler, Merrily Tau, Sinelethu
Hashibi, Phil Janney, and Tom Nowicki
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Mantle sampling — Koidu example
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Howarth et al. (in revision — Min. deposita)
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Mantle sampling — Koidu example

DZA dike

Howarth et al. (in revision — Min. deposita)
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Mantle sampling — Koidu example
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Howarth et al. (in revision — Min. deposita)
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Mantle sampling — Koidu example
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Howarth et al. (in revision — Min. deposita)
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DZB dike/Pipe 1 DZA dike

Temperature (°C) Frequency Temperature (°C) Frequency
600 1000 1400 0 4 8 600 1000 1400 0 12 24
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170-180 170-180
180-190| I 180-190
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230 | @ Olivine - DZB dike 220-230 530 || @ Olivine - DZA dike 220-230
| B Cpx- Pipe 1 KIMB1 230-240 | 7 Cpx- Pipe 2KIMB1 230-240
250 4 CpX- Plpe 1 KIMB2 >240| DZB dike and Pipe 1 (KIMB1) 250 o Cpx - Pipe 2 KIMB2 >240

Olivine data — Howarth et al. (in review)
Cpx from Koidu ltd. using single cpx thermometer of Nimis and Taylor (2000)

. .. . . Diamond stability and geotherm from Smit et al. (2016; Precambrian research
Howarth et al. (in revision — Min. deposita) y g ( )
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Depth (km)

<70
70-80
80-90
90-100
100-110
110-120
120-130
130-140
140-150
150-160
160-170
170-180
180-190
190-200
200-210
210-220
220-230
230-240
>240

Frequency Frequency Frequency Frequency Frequency
0 10 20 30 40 0 1 2 3 4 5 0 § 19 1§ 29 0 5 19 0 2 4 6 8
a) Oivine b) Olivine diamond ¢) Clinopyroxene d) Eclogite xenolith| | e) Diamondiferous
inclusion eclogite
Gr ~118km Gr Gr Gr
Di Di Di Di
LAB ~220 km LAB ~220 km [l LAB ~220 km LAB ~220 km LAB ~220 km

Olivine data — Howarth et al. (in review)
Diamond inclusion data - Lai et al. (in review)
Eclogite xenolith data from Aulbach et al. (2019; J. Pet.) using gt-cpx thermometer of Krogh (1988)
Diamondiferous eclogite data from Hills and Haggerty (1989; Contributions) and Lai et al. (in review) using Krogh (1988)

Cpx from Koidu ltd. using single cpx thermometer of Nimis and Taylor (2000)
Diamond stability and geotherm from Smit et al. (2016; Precambrian research)
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Mg# Mg#
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200 t
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Olivine data — Howarth et al. (in review)
Diamond inclusion data — Lai et al. (in review)

Howarth et al. (in revision — Min. deposita) Diamond stability and geotherm from Smit et al. (2016; Precambrian research)
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e
B i
e

Sampling depth
frequency

« Incorporation of Iherzolitic and eclogitic
material

« Incorporation of mixed SCLM lithologies
1) Depleted harzburgite - olivine Mg# >94
2) Lherzolite - olivine Mg#<93
3) Eclogite
« Diamonds associated with highly depleted
harzburgitic lithology

« Incorporation of predominantly eclogitic
material

« Diamondiferous eclogite

+ Megacryst sampling and Fe-enrichment
of kimberlite

« Lherzolite sampling - predominantly cpx

«  Proto-kimberlite preconditioning of SCLM
and diamond destruction

+ Melt generation in the sub-lithospheric

mantle
. Spinel peridotite Diamond-rich region
E Mixed lherzolite-harzburgite l]] Koidu kimberlite pathway
D Lherzolite [g] Eclogite
- Asthenosphere . Proto-kimberlite pre-conditioning and diamond destruction

Howarth et al. (in revision — Min. deposita)
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Summary/future directions -

1. We need a trace element in olivine dataset for mantle
xenoliths and diamond inclusions
e e.g., Korolev et al. (2018); Meyer (2021; PhD); Lai (2022; PhD)

2. Olivine xenocryst and mantle xenolith data from
single locations
e e.g., Greene et al. (2023)

3. Olivine xenocryst data from more kimberlites where
traditional indicator mineral data is available

e e.g., Tau et al. (2024; IKC)
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Do you want to ask an
anonymous question?

Text itto +1 778 883 7422 ;

Geoffrey H. Howarth

Department of Geological Sciences ' .

University of Cape Town
geoffrey.howath@uct.ac.za
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Outmost Rind

Rind + Primary melt/fluid
inclusions

Intermediate Zone

Transitional Zone

High-Mg olivine around
pseudosecondary/
secondary melt/fluid
inclusion trails

= Qutmost Rind-‘

Cr-spinel crystal inclusion

Abersteiner et al. (2022 - J.Pet)
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Howarth and Gross (201 9 GCA)

Macrocryst and
true phenocryst

Oxide inclusions in
olivine:
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Complexity of zoning
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UCT COMP 15, 8kY
Benfontein kimberlite, Kimberley
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UCT COMP 15, Rk\
Benfontein kimberlite, Kimberley
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Howarth and Gross (2019 - GCA)

UNIVERSITY OF CAPE TOWN

IYUNIVESITHI YASEKAPA « UNIVERSITEIT VAN KAAPSTAD

Department of Geological Sciences
Isebe Lenzululwazi Zomhlaba
Department Geologiese Wetenskappe




12" INTERNATIONAL

12 IKC KIMBERLITE

| 4 CONFERENCE

30 YEARS OF DIAMONDS IN CANADA
8-12 July 2024 « Yellowknife

Global olivine core compositions

mantle olivine
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Xenocrystic core

- Olivine fractional crystallisation
- Low phosphorous with
decreasing Ni and increasing Ca,
Mn etc.

- Inclusion of chromite

- Partial equilibration with
Cr-enriched kimberlite host
melt prior to rapid ascent to
surface

- Low phosphorous but increas-
ing Cr and other trace elements

- Incorporation of low phos-
phorous olivine xenocryst core
as polygonal to angular grains
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| ———

Benfontein  (f)
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Magnetite
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- Emplacement as macrocrystic
hybrid magma in sill complex
below lithological barrier and
late-stage oxidation to form rind
- Inclusion of magntite-rich
spinel

rim

(d) P-richT1 rim

limenite
inclusion

- Magma-mixing with new pulse
containing T2 rim evolutionary
trend

-Temporary stalling at lithologi-
cal barriers in crust followed by
rapid decrease in pressure related
to breaking the barrier and
formation of P-rich T1 rim zone
through solute trapping

- Inclusion of ilmenite

Howarth and Gross (2019 - GCA)

UNIVERSITY OF CAPE TOWN

IYUNIVESITHI YASEKAPA « UNIVERSITEIT VAN

KAAPSTAD

Department of Geological Sciences
Isebe Lenzululwazi Zomhlaba
Department Geologiese Wetenskappe




12" INTERNATIONAL

rikc? KIMBERLITE

| 4 CONFERENCE

30 YEARS OF DIAMONDS IN CANADA
8-12 July 2024 « Yellowknife

Global olivine core-rim correlation
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Cratonic lamproite olivine core-rim
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Diamondiferous lamproites - India
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Jericho kimberlite example
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@ Peridotite xenocrysts
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Greene et al. (2023 - Lithos)
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Veglio et al. (2022 - Lithos)
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fluid
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Fig. 14. Diagram illustrating a possible mechanism for the formation of megacrysts, macrocrysts and dunitic nodules in kimberlites. Reaction between
protokimberlite fluid and mantle peridotite extracts pyroxene and garnet from zone closest to conduit leaving dunite with rare ilmenite crystals.
Farther from the conduit, interaction between fluid and peridotite facilitates the growth of large crystals of olivine, pyroxene and garnet. The Mg# is

higher than in mantle peridotite close to the conduit and lower far from the conduit.

Arndt et al. (2022 — J.Pet.)
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