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Narryer Terrane
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Kalgoorlie HighCa Low Ca Deformation
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c. 2825-2760 Ma

“DE” Youanmi Terrane

Model #2: outboard
subduction zone 7
-

Model #1: inboard Cue Rift
7 subduction zone c. 2825-2800 Norie Group
c. 2800-2740 Ma Polelle Group
(include boninite-like rocks,
high-Mg andesites, sanukitoid
intrusive rocks)
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° Mapa

Yilgarn proto-craton
(South West + Youanmi +
Burtville terranes)

Mafic-ultramafic
@ Layered Igneous
Complex

c. 2740-2730 Ma
Narryer Orogeny

Yalgar-Balbinga Fault Zone = Suture zone ?
Formation of gneissic fabrics and isoclinal
folds in igneous and sedimentary rocks
across the Narryer Terrane

B c. 2730 Ma regional stratigraphic unconformity across
the Youanmi Terrane and deposition of shallow-water
to subaerial volcano-sedimentary series
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Mt Valley erseverance
Magnet | Mt Newman ME!1 moderate-P moderate-T'

thermal regimes (low T/depth
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km-scale low strain shear lenses
preserved within major crustal
scale shear zones in the EGST
ME] dated at 2748 + 9 Ma and
2727 + 8 Ma
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Earliest stage of D,

Greenstone-down
- :

Late phase of D, subsidence - uplift and exhumation of granite bodies,
development of late basins in areas of maximum subsidence of greenstone belts

€. 2720-2690 Ma
“DE” EGST

c. 2675 Ma
Onset of Kalgoorlie Orogeny

Kalgoorlie-Kurnalpi Rift (KKR)
Intraplate rifting and major event
of crustal growth associated with

the “Kalgoorlie LIP”
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tl'unner lllhosphex"e (basement horst) interpreted to reflect West
(i.e. back-arc basin). enriched and/or deep
v Komatiite-hosted (i.e. >40 km) sources
nickel deposit

c. 2700-2680 Ma calc-alkaline
bimodal volcanic rocks in the
Kurnalpi Terrane

New crust
(juvenile eHf)

¢. 2690 Ma end of volcanism within the
KKR and switch to mafic plutonism.
Depostion of shallow-water
sedimentary series.

Black Flag Group and correlatives
within the Kalgoorlie-Kurnalpi Rift

Masurel and Thebaud (2024)
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Komatiite-associated Ni sulfide systems

Distinct morphology, textures and geochemistry
» High MgO mantle-derived ultramafic lava flows

» Use of Ni/Ti vs Ni/Cr to delineate favourable volcanic environments

Unprospective environments

Prospective environment
a Thin spinifex-textured flows

Channelised sheet flows composed of mesocumulates,
orthocumulates and adcumulates

Layered Lava Lakes, Differentiated Sills
chromite-bearing units

Continuous flow in lava rivers

Dammed lava lake

Lobate
flow front

Sheet-flow facies

Channel facies

10- 100 km
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Le Vaillant et al., (2017)

not shown are sheeted lava flows

hydrated basalt

1. Concave embayments within lava channel Sl

not shown are sheeted lava flows

basalt no erosion basalt
erosion erosion

2. Steepening of embayments where sulfides occur
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not shown are sheeted lava flows

pinchout e

contact

open contact

3. Pinchout formation due to increased sulfide thickness

Staude et al., (2017)




Key questions

e Can we refine the stratigraphy of the Widgiemooltha Dome and
host komatiite sequences?

e Can we better constrain the subsurface geometries and improve
our understanding of the structural evolution of the dome?

 What are the implications for the stratigraphic, volcanogenic and
structural controls of Ni mineralisation?




Challenges to 3D geological modelling

Mt Edwards Widgiemoolth

Widgiemooltha dyke suite
Granitoid

loo| Spargoville Felsic Rocks
Widgiemooltha Komatiite
Mount Edwards Basalt
|| Mount Morgan Komatiite

O/O Nickel Mine / Prospect
.~ Geological boundary, accurate

A ++* Fault, position approximate
.. Geological boundary,
N * approximate
01 2 3 4 5 & : \ \ Anticline
—

\ Syncline

Kilometres

Poor understanding of the stratigraphy and
lithological order due to limited outcrop

Complex, polyphase deformation history
Few phases to directly date

Few younging indicators

No clear marker horizons for displacement

Strong rheological contrasts between units
»  basalt, komatiite, semi-massive and massive sulfides

Need to include drilling information
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Magmatic stratigraphy

Mafic-ultramafic stratigraphy difficult to date and
(formerly) difficult to geochemically distinguish

KALGOORLIE - KAMBALDA

Seven Mile
Kurrawany
Sandstone Formaliong
Lake Douglas (<2857 Ma)

Conglomerate

Merougil Formation (<2664 Ma)
Navajo Sandstone (<2657 Ma)

Undivided Black Flag Group
Clianthus Flat Rhyodacite
Speedway Andesite

Kapai Slate (c. 2692 Ma)

Black Flag Group (2690-2665 Ma)

Devon Consols Basalt

Kambalda Komatiite

Tripod Hill Member
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Kalgoorlie Terrane
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Black Flag Group (26902665 Ma)

Coolgardie Subgroup (~2720 -2690 Ma)

Undivided Black Flag Group

Gleesons Basalt

Hampton Hill Formation

Lindsays Basalt

Brilliant Formation

Greenmont Basalt

Little Blow Member
Burbanks Formation

Smithies et al., (2022) GSWA Report
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Magmatic stratigraphy

Geochemical ‘barcoding’ or
chemostratigraphy incorporates:

* Extensive multi-element, high-quality
geochemical data from mostly *mafic
volcanic rocks (~2800 samples)

* Drill core logging and outcrop
mapping

 Geochronology

* |sotope analysis

* Previous work

Enables stratigraphic testing of geochemical
data

Smithies et al., (2022) GSWA Report
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Si02 (Wt%)

Differentiation of magmatic stratigraphy

151 samples from around the dome
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Samples classified as basalts only
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Comparison with
Coolgardie and Kambalda
Domains

e Basal unit dominated by L-U1 and L-U2
(L-U3 only at Mariners with L-U1)

* More similar to Lunnon Basalt than
Lindsays Basalt (exc. 1 x L-Cb)

e Abundant strongly contaminated L-S,
limited I-S, therefore more similar to
Hampton Hill Fm than Devon Consols
Basalt

e Consistent upper stratigraphic position of
HSTB in outer parts of dome (like Paringa
Basalt)

Domain: COOLGARDIE ?DEPOT WIDGIEMOOLTHA KAMBALDA
Subgroup: Coolgardie ? DOME Hannans
Black Flag Group and equivalents

Hampton Hill Formation

" (KB1,2

Kalgoorlie Group

Lindsays Basalt

- ———————

(KB2

Athena Basalt

{Paringa Basalt

Devon Consols Basa

KB2, 3

‘Lunnon Basalt

Brilliant Formation CEERE
Gree nmont Basalt .
:Burbanks Formatien | .2+

Primary descriptor
L Low-Thbasalt
| Intermediate-Th basalt
H High-Thsiliceous basalt
KB Komatiitic basalt
,— Secondary descriptor

U Uncontaminated

L-U1 C Contaminated

Semomioo ¢

i aL-U2* |4

L-U1

| U2

L-U3

| LU4

L-Us

L-Ue6

S Strongly contaminated e(- L-u7
L VS Very strongly contaminat

Tertiary descriptor
1 Unfractionated

7 Strongly fractionated

+ basement

L-Ca 1-S1 | H-HMmg# Number of samples
L-Cb I-S2 H-LMg# | 4 | (where low) (n=4)
L-S1 - | I-S3 H-LTh

L-S2 | I-S4 KB1

L-S3a 1-VS KB2 Includes komatiitic basaltt
L-S3b KB3 as very minor componen
L-s4 - Komatiite

Modified from Smithies et al., 2022
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Structures and architecture of
the Widgiemooltha Dome

Structural logging and 15 cross-sections from
key localities around the dome, including:

e Easternlimb
* Miitel and Dordie
* Mariners
* Voyce and Redross
e Southern apex

e Cassini Used company map
* Western Limb due to better
. Wannaway correlation with
* Hartley geology intersected
by drilling
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A Section 1 - Miitel Dordie - MDD073 MDD180 B
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]
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sulfides

Matrix to massive
sulfides

Komatiite layer
(with interflow sedimentary rocks)
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Section 5 - Cassini - MDD310

MDD310

Looking ENE

x: 368506 x: 368906 x: 369306 x: 369706
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Mincor wireframes of
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3D geological modelling

Company solid geology map
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Komatiite — flows (and adjacent basalts
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Komatiite — cumulates (and adjacent basalts)
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Key Outcomes

* “Barcoded” samples can be connected to mapping and drillhole logging

* Thick panel of L-S1/2 (Low Thorium, strongly contaminated, fractionated) basalt on east
side of dome can be identified

* Captures macro-geometries of antiform-synform pairs with intense parasitic folding in
east and strike slip deformation in west

* Inconsistent structural settings of mineralisation — preservation of channels in the east,
stronger mechanical remobilisation towards west and south

 Lithoclasses from assays difficult to extrapolate away from drilling; requires further
basalt sampling



Limitations of applied 3D geological modelling

* 3D geological model DOESN’T include faults (!!!)

* Lack of marker horizons, limited constraints on fault geometry and amount of
displacement

* Inclusion of faults in Leapfrog generates fault blocks which disturbs
stratigraphy and major architecture — creates artifacts

* Time constraints

* Not necessarily reproducible - includes geologist biases

* Multiple versions of solid geological maps of area
* Based on different interpretations of magnetic data

* Lacks scalability and incorporation of principles of structural geology
* Doesn’t allow for uncertainty quantification



Implications for mineralisation

1) Structural repetition of komatiite over footwall LTB prior to
folding — influencing understanding of prospectivity of komatiite
occurrences

2) Diverse preservation and remobilisation around the dome
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Sulfide accumulation in fold hinges
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Conclusions

New stratigraphy — critical for 3D modelling
* Lateral variation in magmatic processes — crustal evolution and early structures

Tectonic/structural repetition of M/UM stratigraphy
* Thrust repetitions developing along rheological contrasts
e Earlier deformation characterised by foliation parallel to lithological contacts around the dome

Clear distinction of overprinting planar foliation associated with macroscale folding only visible
at Cassini, Voyce and regional structural datasets in the north of the dome

* associated with protracted ENE-WSW to WNW-ESE shortening

* More extensive folding, late low-angle thrusting and localised strike slip faulting developing on the eastern
limb, particularly in the SE

* Intense dip slip (top up to ENE) and oblique-slip noted on western limb

Preservation vs mechanical/hydrothermal remobilisation
* Preservation of magmatic channels
* Diverse structural settings of mineralisation

Limitations of 3D geological modelling
* Issues with reproducibility, time and scalability
* Need clear marker horizons for delineation of fault blocks and relative offset



Thank you
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