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Komatiites need crustal S to form Ni deposits
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Modified from Arndt et al. (2008); Barnes et al. (2016)  

Introduction

Tracking crustal S sources of komatiite-hosted Ni deposits may inform on:

Implications for Ni explorationSulfide transport mechanisms

Distance from crustal S source to ore depositFavourable crustal S sources



Tracking crustal S sources using MIF-S

23/11/2023 Centre for Exploration Targeting - Members Day 2023 3

Introduction

Modified from Bekker et al. (2009); Fiorentini et al. (2012)

Modified from Ono et al. (2003)



Magmatic Ni sulfides preserve their crustal MIF-S signatures
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Introduction



Magmatic Ni sulfides preserve their crustal MIF-S signatures
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Introduction

DOI: 10.5382/econgeo.5030



Ni deposits and crustal S sources in the Agnew-Wiluna Greenstone Belt
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Background

Modified from Beresford et al. (2004); Cassidy et al. (2006); Pawley et al. (2012); Martin et al. (2015) and Perring (2015)
Modified from 

Masurel et al. (2022)

MKD5Cliffs



The Cliffs and MKD5 Ni deposits and their crustal S sources
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Background

Modified from Perring (2015)

Modified from Fiorentini et al. (2012)

→ Felsic hosted komatiite systems more favourable for Ni

• MKU Ni sulfides 
formed proximal to 
VMS source

• CLU Ni sulfides formed 
distal to VMS source

• Felsic footwall are 
proximal to rift axis

• VMS sulfides more 
likely to form proximal 
to rift axis



The Cliffs and MKD5 Ni deposits and their crustal S sources
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Background

→ Cliffs Ni deposit should have higher metal tenors than MKD5 Ni deposit

Yao and 
Mungall 
(2021)

• Positive correlation between sulfide metal content (tenor) and transport 
distance in komatiite melt



• MKD5 and Cliffs have similar metal tenors

• Both Ni deposits are proximal to proposed lava vents

• VMS style sulfides found in FW to Cliffs Ni deposit 
(Perring 2015)

Is Cliffs Ni deposit also proximal to its S source?

Implications for metal enrichment process?

Are basalt-hosted komatiite systems also favourable 
in bimodal settings?

The Cliffs and MKD5 Ni deposits and their crustal S sources
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Questions and Methods

Modified from Perring (2015)



Materials and Methods
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Questions and Methods

Modified from Perring (2015)

• 11 samples of sedimentary sulfides.• 11 samples of sedimentary sulfides.

• 6 samples of BIF style sulfidic chert.

• 11 samples of sedimentary sulfides.

• 6 samples of BIF style sulfidic chert.

• 42 samples of VMS style sulfides.

• 11 samples of sedimentary sulfides.

• 6 samples of BIF style sulfidic chert.

• 42 samples of VMS style sulfides.

• 21 samples of magmatic Ni sulfides.

• 11 samples of sedimentary sulfides.

• 6 samples of BIF style sulfidic chert.

• 42 samples of VMS style sulfides.

• 21 samples of magmatic Ni sulfides.

• Analysis for 32S, 33S and 34S by EA-IRMS.

Photos courtesy of K. Baublys



Results
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Results and Discussion

Magmatic Ni sulfides predominantly sourced vent proximal sulfidic 
BIF/chert and VMS style sulfides



Spatial correlation of magmatic and crustal sulfides in MKU
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• Magmatic Ni sulfides 
correlate well with crustal 
sulfides.

• Crustal sulfides are 
dominantly hydrothermal.

• Overall more vent proximal 
stratigraphic substrate.

Results and Discussion

Modified from Perring (2015)



Spatial correlation of magmatic and crustal sulfides in CLU
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• N to S crustal sulfide trend:
Dist. to ore = sedimentary
Prox. to ore = hydrothermal

• Cliffs Ni deposit located on 
top of most hydrothermal 
vent proximal part of 
stratigraphic substrate.

• Cliffs deposit also formed 
proximal to its S source

• What does that mean for 
transport of assimilated 
sulfides in komatiites?

Results and Discussion

Modified from Perring (2015)



Implications for transport of assimilated crustal sulfides
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Results and Discussion

Inspired by Yao and Mungall (2021; 2022)



Implications for transport of assimilated crustal sulfides
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Results and Discussion

Dynamic trapping and 
sulfide droplet recirculation 
may be an important metal 
enrichment process!

Inspired by Yao and Mungall (2021; 2022)



Dynamic metal upgrading during formation of Cliffs Ni deposit
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Results and Discussion

Perring (2015)

• The Cliffs Ni deposit may have 
formed from pre-enrichment 
during dynamic trapping before 
deposition as a type I basal deposit.

Long section, looking East



Dynamic metal upgrading during formation of Cliffs Ni deposit
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Results and Discussion

• The Cliffs Ni deposit may have 
formed from pre-enrichment 
during dynamic trapping before 
deposition as a type I basal deposit.

• Early growth faults:
→ Dominant host for hydrothermal 
sulfides i.e., the food for komatiites
→ Location for dynamic trapping 
and metal upgrading 

• Explains metal tenors and 
proximity to crustal S source.

Mafic hosted komatiites may also be proximal and thus prospective in bimodal 
komatiite systems



Take home messages

• Dominant crustal S source: VMS style sulfides.

• Syn rift growth faults: Source for both S and dynamic trapping.

• Mafic hosted komatiites in bimodal settings:
→ May be more prospective for Ni than previously thought.

• Exploration may benefit from a VMS targeting approach.

• S isotopes: proxy towards favourable host rocks and syn rift 
growth faults.
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Conclusions

Virnes AB, Fiorentini ML, Caruso S, Baublys KA, Masurel Q, Thebaud N.
Sulfur isotopes in Archaean crustal reservoirs constrain the transport and
deposition mechanisms of nickel-sulfides in komatiites.
Mineralium Deposita (submitted for publication)

R
e

fe
re

n
c
e

s

Thank You!
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