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modal, collocated scaleconsistent characterization.
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Abstract. Recent decades have seen an exponential rise in the application of machine laagemgrienceHowever,
fFundamentatifferences distinguish geoscience data from most other data types. Geoscience dathgetslgrenulti-
dimensionalandcontain1-D (drillholes), 2D (mapsor crosssections), and-® volumetric and point data (models/voxels).
Geoscience data quality is a product of its resolution and the precision of the methods used to acquire it. The dipnensionalit
resolution, angrecision of each layer within a geosciedegasetranslats to limitations in spatiality, scale and uncertainty

of resulting interpretations. Historically, geoscience datasets were overlaid cartograplicatigorporaé subjective,
experiencedriven knowledge, and variances in scaedresolution.The These nuances and limitations that underpin the
reliability of automated interpretation are well understood by geoscietistsrebutrarely appropriately transferred to data
scienceHowever fFor true integration of geoscience datach issues cannot be overlooked without consequence. To apply

data analytics to complex geoscience datg., hydrothermal mineral systenesjectively, methodlogiesmust-beusedthat

characteris¢he systenguantitatively using collocated analysest, a common scalehould besought This paper provides [Formaned: Not Highlight

research and exploration insiglitsm an innovative distrietide, scaleintegrated, geoscience data project, which analysed
1,590 samples from 2@ineral deposits and prospects across @encurry District, Queenslandiustralia Ten different

analytical techniques, including density, magnetic susceptibility, remanent magnetisation, anisotropy of magnetic
susceptibility, radiometrics, conductivitgcanning electron microscopy (SEMased automated mineralggyeochemistry,

and shorwave infrared (SWIR) hyperspectral datith 561 columns of scalmtegrated data (+2151 columns of SWIR). All

data were collected on@n x 2.5 cm sample cylindera scale at which theonfidence in coupling of data frotachniques

can be highThese dataareintegated by desigrto eliminate the need to downscale coarser measurenvemgssumptions,
inferences, inversions, and interpolations. This scalesistent approach is critical tbe-quantitative characterisation of

mineral systems and has numerous applications to mineral exploration, such as linking alteration paragenesis with structural
controls and petrophysical zonation.
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1 Introduction

With theincreag in compuer power and the algorithmic advances of the last decadb&kis a new wave of statistical
application to data analytics (Biamonte et al., 2017), with machine learning steadily gaining popularity since the éurn of th
millennium (Figure 1), proving effective for many applications (e.g., retail, finance). Not surfyjdinig new enthusiasm
has spread to dateeavy fields of scienceyhich haded to an exponential increase in the adaptation of machine learning to
the analysis of geoscience data simee2010 (Figure 1)However, there are fundamental differences that distinguish
geoscience data from most other data types to which male@ingng methods are commonly applied.

Geoscience datasets have highly variable precemtresolution,which drastically effects the resolution at which datasets

can be confidently scaled and correlat&&oscience data asdsointrinsically multiscale are used ah range ofscales

Geoscience da@remultidimensional comprising a range df, 2and 3 dimesional productsthat are typically transformed

and collocatedo acommon 2D (i.e., map basedor 3-D (i.e., model basedjameworkto facilitate interrogaton, integraton

and application(Figure 2 3). Remote sensing and geophysiesvide information about a wide range of crustal depths from

surface imageryo near surface (e.g., Evhagnetickanddeep crustal imaging (e.g., MT, gravity)

tr-geoseienced, major application of geoscience datanmeral exploratiorwhich utilisesmultiple techniques across a range

of resolutions, spatial distributions, depth sensitivities and precjsiemsisedo vector toward mineralisatiennarrowing the

search spac&om the terrane to deposit scal&xploration isguided bygeological knowledgeranging fromassumptions

(e.q.,generic deposit characteristids)qualitativeinterpretationsand harddata During the early stages of exploratighe

integration of that data is largely qualitative, m#gsed2-D), and incorporates multiple scalef data The approach is tried

and tested, is often effectivand isappropriategiven that nature of the data utiliseldowever,it is primarily qualitative and

canoverlooksome of the intrinsic properties thfe data, includingparsityandtheir multi- scale -resolution anddimensional

nature True integratiorof geoscience da{@.g.,using modern data aryaics such as machine learningannot overlook these

issues without consequendeccurate scahg of multi-resolution anddimensionaldatacan be achieved using geophysics,

providedscale consistentcollocatedre body knowledgis available Such quantitative knowledge of mineral systeitsws
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conversion of mineral system processes into scalgbig@erties which constrain _geophysical modeffacilitate_true

guantitativeintegration andunderpinpredictivemineral discovery

Here we present (to our knowl ed g-wijle scdleentegraied,calldcated fgéoscierice

publicly avai

dataset. It incorporates 2712 columns of data (NB. >2000 of these are hyperspectral data), from 10 different techniques, and

includes detailed petrophysical data, such as density, magnetic susceptibility, remanent magnetisation, magnetic fabrics

(AMS), radiometrics, and conductivity. It contains comprehensive mineralogy and mineral texture and alteration information

based on TIMASEM scans. Is also contains comprehensive geochemistry (from both portable XRF analyses and analyses of

powders) and hyperspectral data. It contains information for 1,590 samples (many with three specimen each), extracted from

23 deposits and prospects: Altia, Artemis, Brumby, Barbara, Cameron River, Cannington, Canteen, Cormorant, E1 North,

Eloise, Ernest Enry, Great Australia, Kalman, Kulthor, Little Eva, Maronan, Merlin, Monakoff, Mt Colin, Osborne, Starra
276, SWAN/Domain 81 and Trekelano.

This dataset allows all the major techniques used in mineral exploeatibrlepositharacterisatiorto be correlated and
contrasted at the same scayeproviding quantitative, integrated insights into the processes that control geophysical signatu

and better infornmg our understanding of the relationships between alteration and struthisedatasets integrated by
designsandi s ficompl ex o dartat (finmingyd cddtuann(smany r o ws )canerable ,

more effective translation of geochemical, structural, and geological processéeiphysical parameterand potentially

hel i ake big data tangible in theini ineral resources sectdt canhelpshift the current paradigm in

mineral exploration (i.e., using a mixture of qualitative and quantitative data at different scales), toward the fulbtigeanti

scaleconsistent datas: i i ible i at can enabl&iture mineral system space. We hope that

res

if used to

this dataseit-will lead to new discoveries that are so vital to the economy of the Mount Isa region, Australia, and furthermore

hope it provides the impetus and inspiration fethiaking the role of data in the outcogwf data analytics.

2 Background

2.1 Geoscience Data .

Geoscience datasets have highly variable precision across different datargpeselutiorsnd scals, which drastically
effect -the resolution at whicklatasetcan beconfidently correlatal. They areintrinsically multiscale andare commonly
collected andanalysed at range oflifferent scales.rl mineralexploration(for examplg we-eften—refertseveral different
scalesare used, irlading theterrane regional, camp, deposit and sdbposit scalesegional-camfileposit-and-subleposit
sealeqe.qg., drillholes, individuasample: Figure 2). Scale in this sense may mean resolution (pixel) size Dfimageraster

the voxel size or the interpreted or interpolated @olume(Figure23, 4ybui) butcan also refer to the volurae from which
an analysis is conductdebm-or the areaon which a measuremerns made. This varies greatly across techniques fromethe

3

[ Formatted: Heading 1




95 km?®to < mm?® scale Hewever,even-in-the-centexdfFor examplegeochemicatliata which-spatially,is spatiallysimplepoint
datafrelative to thescaleanddepthcomplexitiesassociateavith geophysis).; Howeverthe volume/areaf thosethatpoints
commeonlyvariesfrom-across several orders of magnitdden meters tanicrons (im) depending on the method of analysis
(Figure 4) For example, lte measured volumesf various techniques utiliseat the deposit scaldg.qg., centimetre-—e-g-,

between—al m compositeanalysesassayand palaecomagetic plug, singlepoint portable Xray fluorescence pXRF)
100 measurementindlaser induced breakdown spectroscopy (U)Bspanll ordes of magnitude (i.e.1x10' variation: Figure

4)s. Complexitiesassociated with thecale ofdifferentdatasetsnayrenderdata urintegrableeven if they are collocated [ Formatted: ~Not Superscript/ Subscript

In addition to these scdleesolution issuesssues geosciencedataare also typically-multi-dimensional comprising1-D
information (e.g., drill holesg-D information in bottmapand crosssections, and-® data(e.qg., grids and voxel§igure3).

This multirdimensional aspect typicalin most other spatial datkor examplegensiderin a demographics datasehich
105 may-beused to definghe optimal location afhere-a-new-commerciakw services-should-be-located—tn-these-datmery
piece of information is related to a singeationpoint(e.g., where a person lives) which has a unique spatial (X, Y) location.
Although the demographics data may have a Z location, the third dimension is relatively inconsequential in the context of the
demographic datasethis-is-very-similarteMmany geoscience datasétsg., —fer-examplein-ground geochemistjyare
indeed comparablewiththeremaybe each point corresponding to a specific X, Y point on a surfacesewatalnumerous
110 mﬁaeimpacameteﬁsarlablesshtheda{aiemttrlbutei to each pomt (e.g., Cu, Pb, etehehpoiniearresnonds loaspecilic X
Neither dataset haianyse-ithas-nodepth

penetration, and the areal coverage of dagaare infinitesimal in relation to the area of investigation (i.e., each point

corresponds to a singular point, rather than describing a subs8btidlume). InterpretingsuchsimpleX.Y datasets is, not

surprisingly, relativelysimpleuncomplicatedn regards to dealing with scakend dimensionalityeven though one could use
115 any manner of complex analysis:t-Tthe addition o 3D eempenerdata as is common in many geoscience datasets (e.g.,

especially mineral and petroleum exploration datajd uncertaintiegelated todepthsensitivitiesof different techniquesas
i i i i i i i il-cadels another level

of complexity, and with it, additionatiatasparsity This complexity of dimensionality interacts variably with scatel/or

resolutioncomplexitesacross a range dfata types and acquisition methodolodigigure3).

120 Data parsityis a major factor foall types ofgeosciencedata butspecifically for its applicatione.g.,in mineral exploration

Sparsitycanbe defined as a function gtale resolution andlimensionality but in practise isnore typicallya function of

logistical factors such ggojectbudget/ workforce andsiteaccestility (e.g.,Secton 2). Scale resolution and by association

data parsityareinherentlylinked © mineralexploration strateg¢Figure 4a, b). Explorationtypically stars at a terrane scale

usingregionatscaledatasetse.g.,geophysics and remote sengitmdefine major crustal pathwaygeodynamidriggersand

125 indicatorsof fertility (Smillie etal., 2017) Successivehhigher resolutiondataset&ndor more scale and depthappropriate

technologiesre utilisedo reduce the search spamgproximately b orders of magnitdie (Figure4 a, b) to a relativey small [Formaned; Highlight

areaof perceivedavourability(i.e., camgo prospect scal@socussing oéxplorationto the subcampscaletypically triggers

a shift from low costtypically qualitative predictivemethodlogiesto high cost quantitative direct detection(Figure 4a:
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McCuaig et al.2010) such adrilling, assayingandsurface geochemistryhich hopefully define prospect The switch to

detection methodologiest the camp to prospectscalecoincides with a shifto higher resolutionmulti-scale, multi-modal

andmulti-dimensionatata(Figure 3B)

To define astatisticallyvalid (e.g., JORC compliant) resouroeguireshigh resolutionguantitative spatiallyrepresentative

datathatcan be extrapolated/interpolated upward to the deposit Biplee4 b. Hence to get fromthe prospectto deposk

scaleeffectivelyrequiresa switch fran mainly gualitativeo guantitative method&ND a quantum leap (approx. 12 orders of

magnitude) in scale to the drill hole / sample scREsourcesre defined bwvorking backwardsrom the drilkscaleto the

deposit scale (Figuré b). A resource can only be provéy improving data volume(sampling moreYo the point where

statistical confidenci the upscaling technigue.qg..kriging) is achievedThis resource definition stadee., the end goaif

mineral exploratioprequiresthe volume sampletboth resource andastg to be within2 orders of magnitude of thlume

of the resourceBut at all other scales of exploratiaie ratio of sampled rocko area of interest isffectively infinitesimal

o A A )

For example, &theTerrane (or mineradystem) scale that ratisbetweerlx1Q® (based on 2500rillholes) and1x1Q**(based - [Formaned: Superscript
) [Formatted: Superscript
{ Formatted: Not Highlight
( Formatted:  Not Highlight
. . . . . . [ Formatted: Not Highlight
interactsvariablywith scale complexity for different technigues. \ { ormatisd Not Fighight
\ [ Formatted: Not Highlight
2.2 Data Scalingand Translation <\ ( Formatted: _Not Highiight
) ! [Formatted: Not Highlight
A range of approaches have been developatitivesscaling issuei geographial, geologicaland geophysical dat&or [Formaned: Not Highlight
example, GoogleEartM imagery (e.qg., Gréger et al., 2005) use various functions to represent mapsDahdil@ings { Formatted: Heading 1
differently depending on the scale at which the user is zoomed in. This requires the database to have different resolution
imagery and different scaled modelsadable that can be loaded on the, fnd therefore the approach is msitale rather
than scaleable Unfortunately, similar approaches are not yet widely adopted across the geosciences, due in part to many of
the complexities outlined abovEhere are, however, numerous commonly used statistical approaches usecifot dowva
scaling of geoscience data, including fractal, geostatistical, general statistical, and #esriing methodologies, Bayesian
, process and probabilitbased appiaches, and resampling / interpolation (Je, et al., 2019). Not Highlfght
Interpolation iscommonlyused to simultaneoushe-scak raw datge.q., geophysical surveyahdalsofranslatethe spatial ::I ::Z:::Z:I
dimensionality of that dafge.qg.,froma grid of pointsor series oflines toa surfacd rastej, In many cases, the resolution qf” Not Highlight
the input datavaries substantiallin the X and Y- dimensionse.q., for aeromagnetic datlong li " Not Highlight
across line resolution of 200 are common survespecificationsin mostcasesnterpolaion of sirveydatatherefore involve ) Not Highlight
down samplingalong lines(i.e., 5 x 8 m) and upscaling across lin¢ise., 1/5 x 200mYo prodice a raster of intermediafé Not Highlight
resolution A maximum resfition of 40 m can be achieved in this exampteit the grid resolution, anuiethodology for . [ Formatted: Not Highlight
interpolation (e.q., inverse diste® minimum curvaturekriging) are user choiceSuch methodsre limited to a degree by \{ Formatted: _Not Highlight
[Formatted: Not Highlight
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the scale of the daf@re scale dependgntbut also involve human choiceme thereforginherently norunique Although Formatted: Not Highlight

Formatted: Not Highlight

interpolations and/or interpretations aesverthelessrucial intermediary products that allow disparate sourcestrabslated . { Formatted: _Not Highlight
{Formatted: Not Highlight

to a common spatial frameworte.g., maps model3, analysed.integratedand in somecase (e.g., drilling, geophysics

(|| W

{ Formatted: Not Highlight

165 translatecand/or invertedo 3-D dataproducts

Scaling and translation of mulsicale, multidimensional datasets into[3 can be achieved using a range of different

techniques in two major categorieedstatistial and gehysial methodlogies A range of geostatistical techniquase Formatted: Font: (Default) Times New Roman, Font color:
Auto, Pattern: Clear, Not Highlight

weighting (IDW) and krigingare commonhappliedto mineral resource estimatida upscale point data te[3 volumegwith Auto, Pattern: Clear, Not Highlight

———————————— "—'[Formaned: Font: (Default) Times New Roman, Font color: J

170 calculatedore grade predictionA common methodologused to translatpotential field geophysicmto 3-D is to adopt a Formatted: Font: (Default) Times New Roman, Font color:
Auto, Pattern: Clear, Not Highlight

voxel framework and attribute petrophysical properties to voxels based on inversion gédphysical fielddata. Whilst

convenient, such approaches can easily overlook issues o&edalepttof investigation For examplegravity and magnetics

datacan be jointly invertedising grid datalespite ehundredfold difference in their resolutiorf the resolution and depth

sensitivities of thelata used to derive B volumes of the subBurfacevary substantiallith our scale of investigation, so too

175 should modelsUse of \oxel inversionsn integrationalsorequiresthe user taddresgheinherentissue of noruniqueness,

which is particularly problematic fanversion ofvector propertiege.g.,remanenimagnetisation This can be undertaken

probabilistically (e.g., Giraud, et al., 2023)ased on any given number of possible mgodaisgeophysically based on

petrophysical constrain{g\ustin et al., 2023)Neitherapproachis optimal(i.e., probabilityd o e sxeed tbhonour physics

whereagpetrophysial constraints are limited by sampljndut ultimately geophysical models need to honour physits

180 probability. We therefore neegrobabilistic modelshat can honour giephysical constraints, but more importantly we must

have those petrophysical constraimts form that can be integrated with other geoscience data

2.3 Data Integration N [ Formatted: Heading 1 ]

Historically, gHisterically,—geoscience datasets have been gathered incrementttly, over extendedleng—periedsef
185 timetimescalesby different peoplein different institutions;for different purposesihilst-differentGgeological survegand
companies often have set methodologies for data colleetielshro-doutiut theseevolve sporadicallyandthere are no
universally accepted ways of collectiranalysing or even reporting geoscience datastericalhyTraditionally, geoscience
datawas-designed-for-all-manner-of purpeses,-esltbetively weould be overlai in a manner more similar to cartography
than true data integratioBLich magbasedntegrationit-can-bés more art than scienceut nevertheless providesaalitative

190 means ofte eorporab-assimilatingmultiple datasets, with different scales, precision, degtlanalysisto a common
framework Geacscientistsundertaking this form of integration, magcount for some of the differences in scaler@sdlution
on the fly, but beyond thatraycanoverlook thateachlayer cerresponds-to-anurovides completely-differeninformation
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at different scalesolution often with variabledeptts of investigatiopand large variationshisparsity In this cartographic

approach to data integration, overlooking the scaselutiondimensionality issue may not substantially affect the outcome.

This traditionalcartographi@approachs utilised by a rangef modern, datdbased methodologider exploratio including

various methods ghineral prospectivity mapping; MPMvhich utiliseGIS-based applicatiorte analye and integratenulti- Formatted: Font: Times New Roman, Font color: Auto

Formatted: Font: Times New Roman, Font color: Auto

to deal effectively with complex, multiscale data used to characteriseore-forming processesPorwal and Kreuzer, Formatted: Font: Times New Roman, Font color: Auto

201Q Yousefi et al., 2010 Therefore, inproved characterisation ofe-forming processes at multiple scales @ssential to Formatted: Font Times New Roman, Font color: Auto

Formatted: Default Paragraph Font, Font: Times New
Roman, Font color: Auto

improving the effectiverss of MPM (Kreuzer et al., 202Q¥ousefi et al., 2021 andfurthermorenovel 3-D approaches to'\
\

data integratiorfe.g., Li et al., 2024; Deng et al2022;Xiang, et al., 2020) Formatted: Font: Times New Roman, Font color: Auto

Roman, Font color: Auto

that there are far fewer knowns than unknowns. Much of our understanding is interpretation, not fact, and consequently

Formatted: Font: Times New Roman, Font color: Auto

uncertainy associated with each dataset, in the context of a laedume of rocks (e.g., the Cloncurry District) is very, Formatted: Default Paragraph Font, Font: Times New

Roman, Font color: Auto

high. As we integratadditionaldatatypes the uncertainty propagates, and is often poorly captured in our models.

Formatted: Default Paragraph Font, Font: Times New
Roman, Font color: Auto

Formatted: Font: Times New Roman, Font color: Auto

Formatted: Font: Times New Roman, Font color: Auto

There-aremany nuances, limitationand pitfalls associated with most types of geosmeatathat-maysignificantly affect

Volumetrically, once geoscience data are scaled and translated to make predictionsiaeai®y, it must be accepted [Fofmaﬂedf Default Paragraph Font, Font: Times New

the outcomes of modern dadaven approaches. In many casieseissuesare well understood by domain experts, it Formatted: _Font: Times New Roman, Font color: Auto

o e e A U A U L

suchknowledge is often not appropriately transferred to dei@rtists Some of the main issuesayinclude:

1. UAn-understandingof the effects of sample size, resoluti@nd dimensionality of different types of da&nd the
limitations theref.

2. Recognition of the differences betweearious geophysial techniques imaging, and poinsample analysigi.e.,
differences in intrinsiscale resolution andmplicationsfor depth-of investigation.

3. Realisation that differences in the way dataeprecessestcaled (e.g., simple subjective interpretation, hand contouring,
interpolation, and inversignimpact the precision of the resultant datasets.

4. Knowing that some datasets are partiaiynplimentarycompatiblein some instances (e.g., magnetics and gravity
often overlap), but most datasets are-netplimentaryat-all they oftendescribe unrelated propertiegienat different
scales and/or different crustal levels (e.g., geophysics).
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We mustwork at a range of scalésgeosciences, but the issues highlighted above make holistic approaches to mineral system

knowledgeproblematic particularly at larger scalesTherefore Molumetrically.—once—geoscience—daane-usedto-make

sropagate

and-is-ofterpoorlycaptured-in-ourmodels. [Commented [AJRL2]:  Intro??

rRather than starting at the large scale, i.e., starting with a large area and attempting to force disparate datasbes to descri
concise voxels (3D pixels) in a modélmay be advantageotis werk-enly-atharacterisenineral systema scaleat-which

we can be confident of the coupling of the datasets (i.e., at thestald).The integrateccharacterisatiompproactbuilds
on traditionalapproachesise inhard rock p&ophysics(e.g.,Mutton and Shaw 1979 Brescianini et al., 1992Vebb and

Rowston, 1995Bishop and Emerson 1999 Austin and Blenkinsop, 2008Austin et al., 2018by linking properties to

guantitativegeological information. Similaapproacheshat collect scale constrained:ollocateddatasetsare increasingly
beingadoptedglobally (e.g., Enkin efl., 2016 202Q Dentith et al., 2020.evaniemiandHokka, 2022) Although working
at the sample scaldsing-thisapproachthere-ignay not allow the-sameability-to-extrapolagion theresultsaacrosdarge areas
or volumes mathematicallyt does-However-itis-pessiblgovidequantitative collocated characterisation éd-measure-all
a suitemeasurabléhe possibleparametergnitially- andata consisterthe same scale Thosemeasurementareon a range of

different volumes(ranging betweempalaeomagnetic plugs, and pXRpots Figure 4c);-te-understand-theirrelationships to [Formaned; Not Highlight

ene-anetherHowever,using asystematicapproach(e.g., Section 4.1\ve can ensureamplesare both homogeneous and

representatig of the mineralsystem That consistency of approaciicumvens the potentialvolumeissues betweewarious
datastreamdo alarge degree-ttis-thereforeCloncurry METAL (Austin et al., 2024) ithereforeaatruly integrated dataset
by—design;which we—daloes not reed—toequire integrate—via—gquestionablassumptions, inferences, inversions, and
interpolationsprior to integration.




260 afterthefactScale integrated, collocatethtasettan be utilisedwith confidencefor a variety of statisticahnd machine

learning approachesto understand thenineral system hollstlcally;athe;—than—m{eg;atmg—ew—da;a—and—@nemg—au the
efEheoutcomes from scale constrained analyses

can be utilisedo make better use of a suiteaimpatiblebut spatially distinctechniques at expanded scales, where their own
specific nuances of scale, resolution and dimensionaktybe accommodateahore effectively. For example, if a particular

265 pattern that suggests mineralisation is related to a specific radiometric and magnetic signature, we can target sunh patterns
those specificegionaldatasetsAs aby-product this approach provisemmunition to makéetter informediecisionsabout
which datasets arecrucial and where individual dataset should be improved in terms of covexad@rresolution and/or
depth penetration and/or precision
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23 Study Area - [ Formatted: Heading 1

The Cloncurry District (Figureb) is a richly endowed regiom northwestQueersland, Australia, that contaires range of
mineral systemswhich produced depositsf various commoditiesincluding base metals, precious metals, and rare earth
elements. It has undergone a protracted structural and metasomatic histofyofeey.and Austin, 200Rubenach, 2013).

Whilst there is much conjecture as to the genesis of deposits and timing of different styles of mineralisation (e.@t Groves
al., 2010; Hitzman et al., 1992; Hitzman and Porter, 2000; Williams et al., 2005), there is general agreementoad the
timing of major structural, metamorphic, magmatic, metasomatic and mineralisation events4Ejgure

The Cloncurry district is very diverse in terms of thpes andstyles of mineralisation present. Itfisneusnotableas an iron

oxide coppeigold (IOCG) district, but in many ways, there are feamsustricto IOCG deposits present (e.grnest Henry,
SWAN, E1North) based on earliest classificatiofesg.,Hitzman,et al., 1992)Many deposits could be referred to as IOCG
related (e.g., Monakoff, Starra, Osborne), but Broken Hill Type (BHT), skarn, and volcanogenic massive sulphide (VMS)
typesare also present. Various studies have recognised a continuum between different mineralisation styles in different
deposits (e.g., Williams, 1998; Austin and Blenkinsop, 2009; Little, 2019), and the Cloncurry deposisn
mixturecomprisecomponent®f iron-apatite (Kirunastyle), magnetitelominant IOCG, pyrrhotitelominant iron sulphide
coppergold (ISCG), and hematitgominantlOCG assemblage$hereis alsoanarray of skardike assemblages (Williams

and Heinemann, 1993; Williams and Baker, 1995; Roache, T. J., et al., 2005). These include-dwgmetitechalcopyrite

(e.g., Starr276; Patterson et al., 2016), to calgitgrhotite sphaleritechalcopyriteassemblage®.g.,Artemis: Austin et al.,

2016a Knorsch et al., 2090 calcitepyrrhotitechalcopyrite assemblagege.g., Canteen; Austin et al., 2016b), caleite
pyrrhotitegalena (Maronan; Austin et al., 2016c), calditgite fluorite-magnetitechalcopyrite (e.g., Monakoff; Austin et al.,
20169. Fhereis-alse-arange-ofhigh temperature garnet, pyroxene and amphibicte (i.e., norcarbonateYskarnl i k e 6
varietiesare present, predominantly in the more-Bb rich mineralisation types including Cannington (Chapman and
Williams, 1998; Roach et al., 2005), Pegmont (Williams et al, 1998), Maramungee (Williams and Heinmann, 1993) and
Maronan (De Jong, 1995; Austin et al.,188) Austin and Blenkinsop (200%uggested some of these deposits have
characteristics which ateansitionalwith thosegenerally considered part ®MS (e.g., MaronanAustin et al., 2016cand/

or IOCG style systems (e.g., Monakoff: Amset al., 2016d).

Overall, theFhe Cloncurry District is geochemically, structurally, geophysically and metallogenically complex. It has Iong( Formatted: SpaceAfter: 6 pt

been a challenging terrane for explorers, and many, often conflicting interpretations have been generated for thedistrict ov

the last centuryGeophysical techniquefprimarily aeromagneticurvey3 were instrumental in théast major round of [Formaned; Not Highlight

discovefesincluding Ernest HenrfWebb and Rowston, 1995psborngAnderson and Logari,.992) Canningtof{Walters Formatted: Not Highlight

et al., 2001 pndEloise(Brescianini et al., 1992butarebecomindess fruitfulasbullseye targets aiacreasingly exhausted Formatted:  Not Highlight

2004, Ford and Blenkinsop, 2008ustin at Blankinsop,2009 Cole et al., 2020have have providedsomenew targetsbut Formatted: _Not Highlight

and the search space becomes de&i&based tistical approaches taineral prospectivity mapping (e.dMustad et al., %meaﬂed: Not Highlight

Formatted: Not Highlight
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are often poorly constrained muantitative mineral system characterisatiBoth geophysical andineral prospectivity
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mapping approaches to exploratioray increasinglybe failingdue toadoption ofgeneric deposit mads that misrepresent
the complexityand variabilityof the mineral systenMuch-ef-our-knowledg

Within the istrict itative, itative-heglobal context thedistrict isglobally-uniguainparalleledn the
its diversity of mineralisationstyles related alteratiorassemblagesstructural—centrols—awmhd associategeophysical
signatureslt islithologically divers, preserves distinctmetamorphigradent (i.e., upper amphibolite in the SSE, to lower

greenschist in the nortkroster and Austin, 2008exhibits complexandheterogenoudeformation andconsequently variable

rheological conditioa across severaiineralising stages (Figur®). The diversity of mineralisation stylgsroducedis

primarily a consequence dfieological, metamorphic and structuir@homogeneitylt is challenging toAhilst-it-is-tempting

to-pigeonhole different styles of mineralisation within thetendistrict, researchers-are-starting-to-recognisebiligierhaps
these seemingly disparate mineral deposits are part of a larger interrelatedl system. The datas#tat preserd here,

provides a unigueopportunity to examine this complexineralsystem through quantitatiandscaleconsistent means. We
believe that this style of dataset is a-pequisite togain-useful-guantitative-insights-Hihe nextparadigm shift in exploratio

of -the Cloncurry Districtwhich-andwill -hepefully, leadte-seme-step-changeshallengehow weuse data texplore in this
highly complexpi ece of the Earthodés crust

4.2 Samplin I

The aim of this project was to develop a comprehensive sample suite which is representative of the deposits and prospects in
theregierCloncurry district (Figure S)with particular focus on the significant resourcesntainethe in-the Ernest Henry,
Starra2#6, Osborne, SWAN, Eloise and Cannington deposits. Systematic samalimgritical for maximising exploration

insights into themineral system-and-furthermeore providing data that canbe used to-understand zdnatiensystem Our

ability to sample representativelyas mainly limited by our access to materisdnd hencedependent on maintaining
relationships with key stakeholders including the Geological Survey of Queenslamdltdbratingmining/ exploration

companies.
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Ideally, sampling strategwas driven byor at least informed bgompany geologistwith a priori understanding of individual
deposits. Howeveholistic sampling islways limited by where holes are drilladdwhat core is available for samplinig.

someinstancesideal holeswere drilled earlyand were sometimetegradedvia oxidation unlocatablelacked appropriate

orientation dataor wereassayedo the extent thdittle materialremaired Drilling is commonlyfocussed on the core of a

360 deposis, and in someinstancesthere was lack of drill-core availableto samplethrough thedistal footprint and into

background, and/along strike In such casesurface and open pit samplihgs been conducted

Field surface sampling iancient highly weathered terraniesroducesan additionalbias becausehe availability of fresh
material is a direct function of theompetence of thenaterial For example, at Stardifferential weatheringesults in the

compeent silicic ironstondéorming a prominentridge of outcropbutminimal (and highly weathemd) exposures ofiost rocks

365 in the foot and hangingwalls. Openminepits provide opportunities to sample the local footprint, dlabintroduce sampling

biasesFor examplejn-situ rocks can only be sampled from pit walidere they are accestby a haul road, and considered
competent enough to stand undEne core ofthe system generally coincides with the base of the pit, which of often filled

with waterand/or loose materiahakingit inaccessibleand in some casexposed underground workings amihe wall

instability mayrender pés of the pit offlimits.

370 In sampling for petrophysical properties mestopportunisticutilising whichever sampling approaeswill provide the best

coverage of spedfic deposit whilst alsomaintairing strict sampling protocol®.g.,not oversampling mineralisesctions.

Several basic criterigshould always be adoptesk outlined below 4'4[ Formatted: Normal

375

380
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24.1.2Zonation

The aim of thalrill hole selection andampling was to provide a representative, statesistentsample suit@cross each

mineral systemSamplingwas-conductetrom-hanging-wall-te-feetwallandcovering theorezong andte proximal, medial

and distal alteration, through to backgroundoth the hanging wall to footwall was conductedf@ach deposit or prospect.

This is relatively straightforward for upright linear systems with clearly defined &t hanging walls such &arra276
(Section 2.2.4). Howevedifferentthere-are-mantypes-ofsystems-witbeposits stylepresent different challengedifferent

styles—ofzonation Breccia pipes(e.g., Ernest Henry, SWAN, Brumb\EI-North)—fer—example may-have-may be
coneentriconcentricallyzenatierzoned and Broken Hill Type systems maygvecomprise compldy foldedelementsef

zonedstratiformmineralisation in addition teerationandfault-controlled replacement.

coverageboth acrossstrike and along strikeseveral strategies

have been adoptdshsed on the complexity of the deposit andntia¢erialavailable to sample.

1. For deposits under _cover wita wealth of neamine drilling (e.g., Ernest HenryFigure 7 it was possiblewas
seughito samplecore to distakonationacross and along strikeriability usingdiamond drill corexherepossible

o U U U A

2. In open pit mines with limited drill hole availability (e.g., Osborne: FigBkewe undertook hybrid sampling of [Formaued: Not Highlight
diamond core andpen pitblocks/ palaeomagnetic corés improve areal coverage.
3 In underground minewheredrill, holesthroughthe distalfootprint were limited (E.g., Starre?76, Figure9), we [Formaned: Not Highlight
underpokhybrid sampling of diamond core ardrfacgblocks/ palaeomagetic cores;, [Formatted: Not Highlight
4. Depositsa j verag i ie-g- Wever. wa [Formatted: Not Highlight
i i i ified by near surface alteration (e.g., St&@T&, EXNorth), iForma“ed: Not Highiight
. X X o [Formatted: Not Highlight
2lso requiredgurface to deptBamplingto capture possibleverprintingeffects —
] ) - - ] - \ [Formatted: Not Highlight
5. For_complex,structurally metamorphicallyand metasomatically modified deposits witbh obvious alteration [Formaned. Not Highlight
footprint (e.g., Canningtaririgure 10), weutilised local geologistto ensureoverage oéll lithologies and ore types [Formaned: Not Highlight
rine-walls 0[ Formatted: Not Highlight
op at SUI{ Formatted: Not Highlight
amplin[ Formatted: Not Highlight
[ Formatted: Not Highlight
24.1.3Sample Spacing [ Formatted: Not Highlight
[ Formatted: Not Highlight
Representativeamplespacing down hole throughoatmineralsystemis critical to ensurea representativeiew of the 3D Formatted: List Paragraph, Numbered + Level: 1 +

volume of the systerns captured in the datasétowever thisis-almestnevebut is rarleypossible due to a range of factors Numbering Style: 1, 2, 3, & + Startat: 1 + Alignment: Left +

Aligned at: 0 cm + Indent at: 1.27 cm

Inhibiting factors for drillcore samplingnclude variability in thequality of core(e.g.,due toweathering shearing, cracking
unsuitable sample volumes, mainly as a result of asségiggdifferent core sizes and wifull, %2 or % core), and whether

13



individual lengths otorewereoriented.Sample frequencfor surface samplings mainly limited by where fresh rocks crop
out, and mine sampling is mainly limited by the locationmifie walls andbthersafety factors Furthermorethe exent of
zonationin mineral deposits and thealteration halosan-be-very-differeniry widely, ranging from < 1 meterto kilometres

420 in scaleandsemesampleddrill-holeswere-on-the-scale-6500-m-, soAnd-se;for-practical-reasensampling frequencwas
varied depending on thezeandcomplexity of the system locallp capture a representative suite of sampfesomplex and
heterogenoulthologies,sampling frequency was high(e.g.,<1 m in mineralised zone), whereasmore homogenous and
distallithologies,sampling frequency was typically redudedg., >10 m)

24.1.4Representtivity

425 Samples were selected to be representative of the lithology of that part of the hole (i.e., similar to the majorityref the co
across several trays) order tocapturethe bulk physical propertiesf that lithology. Adopting this strategy allow®r up-
scalng of the physical properties with some confidence for use in geophysical modelling. Whilst some of the sampling
conducted adheres to this methodology quite stringently, theresargcases afoversampling through theineralisedzones,
undersampling through thenineralisedzoneswhere nocore remainedin the tray, ancdcases whereample could not be

430 obtaineddue to lack of appropriately sized or appropriately oriented &xerplingfrequency-was-higher-in-meralised

24.1.50rientation

Oriented samples aceitical for geographic corrections to both anisotropy of magnetic susceptibility (AMS)sarémanent
magnetisation measurements. In some cases, where holes are drilled at near vertical orientatioshealgtiba taken in
435 i nterpreting AMS and pal aeomagnet,the stinike o ihdrierdationdatebecomes e wher e di p approaches 90e
increasinglyunreliable However, in general, holes will tend to lift with depth, and as the plunge decreases, the orientation
becomes increasingly reliable (even at orientations of ~85¢).

24.2 Sample Distribution

The data bre preserdwere gathered frorh,590samplestaken from23 mineraldeposits and prospects across the Cloncurry
440 District, Queenslandsthe-amplingwas undertakerspanned almost a decade, starting withseverapilot projects from

2011¢ 2014 andthen undertwo major Queensland Government Fungedjecs; Uncover Cloncurry 20162016, and
Cloncurry METAL (201&2021)

24.2.1 Uncover Cloncurry Samples

The Uncover Cloncurry project collecteelatively fewsample perdepesit-budeposit buprovidess abroadoverview of the
445 differenttrue range oftyles-efmineralisatiorstylespresent irthe-Cloneurry Distrigtandthe Cloncurry Mineral Systems-a
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whele Deposits and prospect types sampled include Broken Hill Type (BHT) depositsas Altia PiZn-Ag, Artemis Znt
Cu, Maronan P{Zn-Ag, Iron Oxide Coppefoldtype, including Brumby CvAu, E1 CuAu, Kalman CuAu-Mo, Monakoff
Cu-Au, Trekelano CtAu and related breccia sulphide ores (e.g., MerlinREE), Iron Sulphide Coppésold (ISCG) type
including Canteen Géu, Cormorant CtAu, and skarns (e.g., Mount ColirBampling was undertaken on only one or two
diamond drillholes for many of these depositsd prospects, and ihesesomecases, the samplirgrrnot-be-considerathy
not besufficienly representative. However, inany ethercasege-g..-Marenan,-Brumbya significant number ofiamond
drill hole weresamplessampled (e.g., Maronan, Brumbsfnd in some casdBocks and handrilled samples were extracted

from mine pitwalls (e.g.,Monakoff, E1).Information on théocationand geological context of those samplaa befound in
the Uncover Cloncurry reports, e.g., Austin et(@016 ah), Gazley et al.(2016, 20179 and Patterson et a{2016a-b) andbr
discussed further belaw

24.2.2 Ernest Henry Cu-Au Deposit

Ernest Henry is thenost comprehensively sampled deposit in this datasetsaittples from ten diamond drill holgsgure

7). The bulk ofthe holes intersecthe core of the deposit (e.g., EH691, EH550 and EH488) representative holes
intersectingthe proximal (e.g., EH631), medial (e.g., EH632) and distal (e.g., EHMTO001) parts of the alteration ®otprint
across strike to the southeast. Other holes are intendedngethe proximal (e.g., EH147), medial (e.g., EH 242) and distal
zones (e.g., MMA002 and MMAO0O03) along strike to the northeast of the deposit. Safaplingrnest Henry was completed

in four different phases. Initial sampling of EH691 was completed onsite at the Ernest Henny Miié. Phases @ were
completed as drill holes were made available at the GSQ core facility in Zijl@eeensand, Australia A summary of the

drill holes sampled is provided in Figusé, andadetailed descriptiosiof the sampleand the context within théeposit and

its environs ar@rovided inSchlegel et al(2021, 2022); Austin and McFarlan€021) and Austinet al (2021).

24.2.3 Osborne Cu-Au Deposit

Osborne was sampled both frammaddrill core androm within the open pisurfacéFigure 8)-inwhich{Thetwo sampled
drill holes OSHQO0067 and TTNQO364, total 42 samplesgut across thenineralisedzone in the neasurface andowards
the base of thendergroundanineral resourceespectivelyGazley-et-al2016Figure6).-Surface-samples-were-takenlargely
due-to-the lack-of-availability-of fredlrill corein20182020 Handdrilled cores and oriented block samSasples (52 in
total) were collected fronseveral traverses across key sections of the opgorgitiding excellent coveragé2-handdrilled
cores-and-oriented-block-samplefthe depositparticularly the lower and upper ironstone horizofisigure—7}-Numerous

samples were also taken outside the mineralised horizons. However, it was not possithegtake aepresentativeampling

grid due toseverafactors includinggroundinstability (i.e., the large debris slope in the middle of the min&)ch contributed
to the lack of samples between the two main ironstone horigather complicating factors included risks associated with

working under high/steep pit walls, and restricted access to areas in which underground weekengsposed. All the
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samples were accurately surveyed courtesy of Chinova mine suraegofirther information on samgsand their context
within the deposit and its environs are provided in McFarlane €2G213.

24.2 4 Starra-276 Au-Cu Deposit

Starra276 wasalsesampledn-from drill core and at surface and wiasended as easepilot study for collection of surface
samplesHowever, thdocal outcrop is so dominated by highly competent (silicified) hemiétitestones that very fewther
samples could be obtainémm the incompetentyeatheed and erodedinitson either side This resulted ir27 handdrilled
and block samples from the surface at Staifé (Figure89a).; Mmost ofthe asmples obtained from the surfasbich-are

ironstones, cropping out above and to the north and south of -3%8raThese were collected to assess akirige
geochemical variability in the ironstones, and for comparison with samples from depth to test the vertical zonatiorewithin th
system (e.g., supeor hypc gene enrichment). The remaining samlesfrom threediamond drill holes which form an-E

W crosssection through the systemith 38 samples from STQ1098atterson et al., 2016) complimented by a furtérs61

drill core samples from two scissor hol[&5' Q1098 , STQ1099W Toveringbeththe foot and hanging wall of th&arra276
mineratdeposit (Figuredb). Whilst onsite, detailed magnetic susceptibility logs fibve scissoredirill holes were acquired,

which can be used for comparison wgitochemicatiata.Further information on sampling and their context within the deposit

and its environs are provided in McFarlane e(2021h.

24.25 Cannington Ag-Zn-Pb Deposit

Ten drill holes were sampled at tBannington Minesite, aiming to cover the deposit from north to south and shallow to deep
(Figure10). The 190 samples collected provide a representatizgsuiteof theseverdifferent styles of mineralisatidiound

at Cannington, i.e.the Kheri, Cuckadoo, Broadlands, Glenholme, Burnham, Inveraand Nittsdale typesand a
representative selection of the host rocks of the depobivth the northern and southern zorfeamples were taken from

outside the system into the core mineralisation types to assess the proximal to distal footprint of the system. Alteough ther
are uncertainties as to the extent of the footprint of the Cannington deposit (many suggest a small alteration footprint), we
aimedto get a representative selection of what the local geologists interpret as the footprint, referred to as SHMU (sillimanite
muscovte shist). Drill hole CAD934which skimsthe bedy-samplinthe periphery of the system from shallow leveldagth
beneathnderthe body, provides an opportunity to test the extent of the deposit foofpuitier information omsampling
samplesand their context within the deposit and its environs are provided in Pearc26p4).

24.2.6 SWAN Cu-Au Deposit

The SWANMt-Elliot cere-systeimampwassampled from 4 drill cores, three from the SWAN system, and one frollit.

~900 mto theeast. MEQ1215(56 samplesjvas drilled into the hangingall of the SWAN system, dipping to tls®uthwest

through the mairebreccia bodyAdditional holes were selected generate a representative/Ecross section through the

SWAN systemintersecting the distal and proximal alteration zones, through the main ore/brecei&ibedy-1}. Drillholes
16
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MEHQO07105(8 samplesand MEHQ01113@52 samplespre to the east of MEQ1215 and amissorecholes which cut
through the main breccia body from the east and west respecEQ-95-208 is sampled from ~195 m depth in the Mount
Elliot hanging, through &karnoidmineralsedzone and intehefootwall. Further information on sampling and their context
within the deposit and its environs are provided in Stromberg et al., (2021) and Patterson et al., 2016.

24.2.7 Eloise Au-Cu Deposit

Eloise was samplest a 30 m average sample interfram numeroudrill coresfor a total off 58 samplesSampling-with-a

focussedon Eloise Deeps and three satellite depesitss. Severalincludshored intervak from Eloise Deepgdrill holes
ED62 and EDGD andsamp#mg@ﬂ\/lacy (MAO3E), Chloe (EN003) and Middle West (EAM130¢re sampledrigure-12).

a-ckepdrill hole through the main orebody at Eloise Deeps

(ED126)wassystematicallysampled(ED126)-The samples selected at each offthe mineralisedbodies are representative
of thed-e—p-o-maintlithadogies that host the depasitratigraphy-and-the-sampling-attemptedaptureanytheir proximal

to distal footprintsxsseciated-with-mineralisation-as-welhad-intersect the various lodesith-an-average-sample-interval of
30-m-. Further information on sampling and theantext within the deposit and its environs are provided in Birchall &t al.
2021.

35 Methods
35.1 Sample Preparation

The samplesvereextracted from surface and mine sampling (Stait@ Osborne, Monakoff, E1) and diamond drill hodes
outlined in sectior24, produced a range afifferent-Fhe physical samplesequiring differentinitial preparation prior to
analysesinclude including:

1. Fwenty-five25 mm diameter coredrilled in situ with a petrepowered rock drill. These samplegre orientedin

situ using a sun compass which is unaffected by extreme local magnetic fields presanysites. These samples
in some cases need to beassemblednd glued before being marked withrientation linessample-pumbers-and

2. 10-3950cm blocks extracted with cold chisel and hammer from the sudaimeops an@penpits. These samples
werealso oriented using a sun compass in the field. Thecempass orientation marks are used to draw azimuth
lines on the blockurface The block is-which-isthenredrilled perpendicular to the orientation surfageing a 25
mm _diamond coring drillThe orientation mark isthus transferringtransferredthe-erientation—marirom block
surface to the top of the-eylinde25 mm core

3. 10-30 cm piecs of either ¥2 NQ(48 mm diameterpr ¥4 HQ(63 mm diametercore samplé from diamonddrill
holes. The orientation method for diamond cdiffers from the standard palaecomagnetic method, with marks
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pointing downward along the base of the hole (Fég-311a). Therefore, orientations were-nearked to the standard
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All sampleswere The 25-mm-cores-weresawn into 22 mm long segments referred tpalgomagnetic plugs @ r ou n d
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mean values for the petrophysical measurements. Preparing three samplaiomlsd for one sample to be used for . [Formatted: _Font: 10 pt, Pattern: Clear )
geochemistry and mineralogy and one for Alternating Field Demagnetisation (AFD), with one resemtbeéifanalyss. [Forma“ed [—i
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instrumenHewever-brlegacy-samples,-otherstrumentghe Mettler Toledo AG204nay-have-beamas utilised for some
legacy samplegsee column U in the database).

Fhe-Archimedes—principle-was-used-te-calculate-the-density-of-each-sSamiples were initially weighed in air and then
subsequently weighed in distilled water.
575 ThedensitySGand volume of each sample was calculated using the following equations:
Eq.(1) © — Eq.(2) o -
Where 3} = density, A = sample weight in air, B = sample weight in liquid, }
DBensitySG was-determinedhluesfor up to three specimerfisreaelper sample (columns-R in the databaseyere usedo
derivea meandensitySG values (column S)ferthe-sampleind an associated standard deviation (columilough SG is

580 dimensionless, being a ratio of two densities, we report it here in densitygamitd because¢he denorimator (thedensity of

water) is effectively a constant (approximately 1 gfeand therefore the SG is effectively equivalent to bulk density [Formaned; Superscript

-Volume results determinegh—these—caleulationsing theArchimedes principle-are used—foutilised to makevolume

585

5.2.2Magnetic Susceptibility Measurements

Magnetic Susceptibility measurements are the most common type of petrophysical quantity collected in mineral exploration,
590 and along with measurements of remaneragnetisation allow determination of tivesitu magnetisation of different
lithologies and alteration styles, that can be used to constmirard modelling and inversionMagnetic susceptibility
measurements were made using an Agico MPKKappabridge magnetometer. However, for legacy samples, other
instruments may have been utilised (see column AA in the database).
The MFK1 Kappabridge apparatus consists of the-RigkJnit, Control Unit and Computer, and represents a precision fully
595 automatic inductivity bridge. It automatically zeros between readings and automatic compensates for the thermal drift of the
bridge and automatically switches to appropriate range. The measuring coils are designeddes 6ttmpensated solenoids
with a high field homogeneity. The instrument is based on r@@ctronic components, with two microprocessors controlling
all fundions of the Kappabridge, and is fully controlled by an external laptop computer. The output signal from @ids
is amplified, filtered and digitalized, and raw data are transferred directly to the computer in the form of .RAN files and o
600 .AMSfiles which are native Mr2mubt.8software pagk@esCO6s Ani soft
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Bulk susceptibility measurements were taken with the fiélength set at 200 A/m to maximise the dynamic range of the
sensor. The MFKAA calculates magnetic susceptibility values based on a nominal sample volume Sfdifdaas such, the
results were later corrected using volumes calculated during density measurements.

Users should be aware thatmagnetiterich rocks with susceptibilities greater than 0.1(&peciallyabove 1 §|theself [Formaned: Not Highlight
demagnetisation effecionsiderably suppressthe intrinsic magneticsusceptibility of a rocKe.g., Austin et al., 201 n EFcrmatted: Font: 10 pt
ome cases, particularly in magnetieh or mushketoviteich ironstones, susceptibilities are likely mueh higher,_probably in. | Formatted: Font: 10 pt
therange of 120 SH{Clark;1988)T-the measurednagnetic susceptibilitieeported in Austin et §(2024) incorporateboth [Formaneu: Font: 10 pt
the intrinsic susceptibility and suppression due to thedsstiagneting field However,our measurements are also limited [Formaneu: Font 10 pt
[ Formatted: Font: 10 pt

by the measurement range of the KAEA -instrumentwhich can-eanrealistically only measure 10 énsamples up to [Formaned: Not Highlight

susceptibilities4p-teof approx— 2.25 Sl.Measurements othe mostmagnetiterich andbr mushketovitaich ironstones [Formaned: Not Highlight

o

(which may haventrinsic susceptibilities of 220 St Clark, 1988)are likely beyond the detection limitsf the instrument

andmay therefore beupressed to some degrie

Magneticsusceptibility measurements were made on up to three specimens for each sample (coluimtise\atabase) to
derive a mean magnetic susceptibility value (column Y) for the sample and an associated standard deviation (column Z).

Magnetic susceptibilitis commonlyplotted relative to densitp compare the properties of different deposit typses their [ Formatted: Not Highlight
alterationhaloeg —e-g-Figure-M-A linear plot is usedherefor ore deposits mainly because it provides a clear indication of [Formaned; Not Highlight
the relativemagnetic mineral contesitelative to a linear magnetite trend (Figure.®Henkel plot (logarithm of magnetic [Formatted: Not Highlight
susceptibility against densitfEnkin et al., 202Dis used to better differentiate moveeakly magnetic samples from the ( Formatted: _ Not Highiight
alteration footprintFigure J). The data correlate Wavith similar studies e.g., the Big BealOCG deposit§Enkin et al., [Forma“ed: Not Hfghlfght
2016) with JOCG deposits (e.gErnest Henry and SWANlotting just above the QuarZeldspatCalcite + Magnetite line E:::::IZ:E :ZI ::2:::2:1
of Enkin et al. (2020) [Formatted: Not Highlight

[ Formatted: Not Highlight

o U A L

35.2.3 Remanent Magnetisation Measurements

The direction of remanent magnetism is important in understanding the overall magnetization strength and direction in highly
magnetisednineralisedbodies (e.g., Peculiar Knob; Schmidt et al., 2007). Understanding remanent magnetism is crucial to
determining confidence in the resultanD3model because it facilitates a reliable estimation of the impact of remanent
magnetization on the overall (i.e., induced + remanent) magnetization of the prospect. Where magnetised rocks have a high
Koenigsbergeratio (high ratio of remanent to induced magnetization), and where the remanent magnetisation direction is
significantly oblique to the inducing field, anomalies will be incorrectly modelled if they do not account for the remanent
magnetisation.

At least two rounds from each sample underwent natural remanent magnetisation (NRM) measurements. The process requires
the input of the sample orientation data to correct the measured magnetisation direction to geographic coordinates. For the

Cloncurry METAL project, all samples were measured using an AGIC@ 3Rinner magnetometer. However, many of the

20



635

640

645

650

655

660

665

legacy samples which are included in the Cloncurry METAL dataffasstin et al., 2@421€) have been measured on a 2G
Enterprises 755R thresxis cryogenic magnetometendbr a custorrmade CSIRO threaxis spinner fluxgate magnetometer.

The JR6 spinnermagnet omet er is the worldodés most sensitive and
magnetization of rocks based on classical {ogrgenic) principle and is the standard for palaeomagnetism -kl

(AGICO, 2021). It functions by rotatingefrock specimen at a constant angular speed inside th&Jpithit inside a pair of

coils. An alternating current (AC) voltage is induced in the coils whose amplitude and phase depend on the magnitude and
direction of the remanent magnetization (RM) veciithe specimen. The resultant voltage is amplified, filtered and digitized.
Using harmonic analysis, the computer calculates two rectangular components of the projection of RM vector into the plane
perpendicular to the axis of rotation. The-@R version usd, has an automatic specimen holder which changes the position

of the specimen during measurement to get the complete vector automatically. The measurement process is fully controlled by
a PC notebook or desktop and ttegaarei nt er pr et ed using AGI CO6s Rema software.
The 2G cryogenic magnetometer uses three superconduetarguminterferencedevices (SQUIDS) to measure the three
components of the magnetic field with magnetic dipole moment noise of less than'ad A/mh0 Unfortunately, this system

does not have the dynamic range necessary to measure strongly magnetised specimens. Strongly magnetised specimens
therefore had to be measured on thex® spinner magnetometer. Thea@s spinner utilises a fluxgate magometer
positioned adjacent to the sample spinning mechanism. The results of the NRM measurements yielded a magnitude,
declination, and inclination of the magnetisatitirection. The data extracted from the 2G and custom spinner magnetometers

is comprised of simple ASCII file which require substantidimnatting before interpretation using Pmag software developed

by Phil Schmid{CSIRO) Remanent magnetisatiamder Koengsberger ratigJ:K)-arecommonly plotted relative to density

(Figure 1516) andor magneticsusceptibilityto characterise the dominantagnetic mineralge.g., Hematite, magnetite and
pyrrhotite)within depositsandtheir footprintswhich generally form under different redox conditions

35.2.4 Conductivity

Minerals act as semiconductors or insulators (silicates and oxides) in crustal rocks. In metal exploration, urdie fatet

rocks in petroleum petrophysics, conductivity is not primarily related to ions in pore fluids. Instead, conductivitylys heavi
dependent on the presence and interconnectivity (fabric) of imetaing minerals, especially chalcopyrite and galena.
Conductivity measurements were carried out up to three rounds per sample-2@ Kandheld Susceptibility and
Conductivity Meter was set to 100 kHz which provided a sensitivity as low as 0.1 S/m. The equipment is widely used in the
industry for susceptibility measurements but is prone to providing ambiguous results. A-owestientolder was utilised to

counter ambiguity caused by the operator. This ensured the measurements always had the flat end of the round centred on the
sensor. Tie results were viewed directly on the instrumdiaplay andmported into theaccompanying GeoView program.
Subsequently, they were exported as discrete records in .CSV format, which were collated for the database by .BAT script and
then crosschecked aginst a measurement logsers of this data should be awénat electricatesistivity and conductivity
measurements are highly scalependen(Fitzpatrick, 2008. Fitzpatrick (2006) suggests conductivity should be measured on
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1 m diamond core tget reliableresuls. Whilst conductivity ismeasuredit aconsistenscaleacross all sampleghe sample
size issuboptimal, and our conductivity measurements should be considesefiil estimations of wherulphide occurs
Chargeability is not scale dependent and would be a more suitaaleo collecon small cores such #@soseused in this

study.

35.2.5 Radiometrics

Radi oactive isotopes have played an i mp,oandtlemngenerationlfem as a
intrusionsis often included in geological models. The overall radioactivity is known to have been higher at the time of the
formation of the Cloncurry METAL project deposits. Relevant for heat production in these rocks are the radioactive isotopes
of Uranium (238U), horium (232Th) and Potassium (40K). The heat generated per second by these elements) (ubvikd

be presented as concentrations cU, cTh, and cK, respectively, the total Qr is the heat produced by radioactivity in the rock
(Rybach, 1976, 1988):

Eq. (3) Q= 95.2cU + 25.6¢Th + 0.00348cK

Radiometric measurements were conducted with a Radiation SolutieB3ZRSammeRay Spectrometer ana custormmade

tray holding up to three rounds per measurementnfemtsamples, all three slots were used for Assay Mode measurements
collected oveB00 ®cond(5 minute) ruatime. The accompanyin&S Analystprogram was used to catalogue and export of
the data. Resultwere tabulated with K (Potassiuf0), U (Uranium/Radium), Th (Thoriw®32), Dose and Dose rate, using

respective data units (%, ppm, uSe)efThe data was imported into the database together with the measurenzenot®on
the number of rounds in each of the measurem&tésmdard radiometric ratio&:U, K:Th, U:Th, Th/K, U/K, U¥K were
calculatedand also listed in the databa3&ese ratios are a means of normaligimg relativeproportions ofK, Th and Uin
different rock typesindependent of their total coynd differentiate K, Th and @nomalismlt has long been recognised that
Uraniumanomalismin airborne radiometric datorrelates with mineralisatiorand fluid pathwaysit numerous sites within
the study arefLambourn and Shelley, 19y, However,gammaray spectrometry at the sampiealeprovides apetrophysical
means of integrating mineralogical and geochemical understanding of ore forpratiading knowledge that can be used to
betterinterrogateairborne radiometric datasdesg., Austin et al2021d, Austin, 2021b) Uraniumanomalouspecimeri.e.,
those with U:K > 10in Figure1617) havedistinct mineralogical propertieThey all occur inOCG or ISCG deposits and
prospects andontain carbonates (either calcite and/or dolomite) and apatties. dre mineralogically complex and preserve
mixedfeldspar titanium andron oxide and iron sulphide assemblaéesg., contain both magnetite and pyrrhotite, magnetite
and hematiteand/or titanite + rutile aniimenite). Walshe et al. (2016) hasguedthat the distribution of andeskilenenite

assemblages versusfildspatrtitanite assemblages can be used to define pH and/or redox gradients in IOCG systems.
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35.2.6 Structural Fabrics
Methods

Anisotropy of magnetic susceptibility (AM$) a seconddrder symmetric tensor that maps alignment of iron in the crystal

lattice (Biedermann, et al., 2015) and therefore maps mineral alignment in(Fagplkese1718). AMS is often used as a proxy

for mineral texture in geologic applications (Biedermann, et al., 2@I8p fabrics have been related to numerous events
through a range of temperatypeessure conditions, from viscous flow in magmas (e.g., Knight and Walker, 1988; Ferré et al.
2002) through to folding and ductileittle shearing during relatively late stagef orogenesis (e.g., Torsvik et al., 1992;
Greiling andVerma, 2001, Austin et al., 2019b).

Anisotropy of magnetic susceptibility (AMS) measurements were made on most samples using an AGIC& MFK1
Kappabridge magnetometer. The MFK1 effectively measures the axes of maximum, intermediate, and minimum
susceptibility and relates those to the fabfithe magnetic grains with the rock.

For legacy samples (Uncover Cloncurry), 64 measurements are taken while spinning the specimen about the X, Y, and Z axes
individually, using a conventional single axis rotator attachniére field sensor is zeroed after the sample is inserted into the
pick-up coil thereby eliminating any field bias from the measurements made as the sample is rotated. Then one bulk
susceptibility value is measured along one axis and the complete susceptibility tensor is combined from these measurements.
For Cloncurry METAL measurements, a-3Btator attachment was used. The-Bfator spins the specimen simultaneously

about two axes with different velocities enabling the determination of 320 directional susceptibilities during a single
measurement phageonstituting an xcellent 3D distribution within a sphere). Once the specimen is inserted into the rotator,
measurement is fully automated, requiring no additional manipulation to measure the full AMS tensor, and halving the time
for measurement. The output signal from pigk coils is amplified, filtered, and digitalized, and raw data are transferred
directyo t he computer in the form of . RAN files and or . AMS
5.0 software packages (Chadima and Jelinek, 2009), either of which can be used to view and analyse the data.

Data

The AMS dataare displayed for each specimen separately in the database: Specimen A: coluA(; GpBecimen B:
columns DDDZ; Specimen C: columns DDZ. The resultinglataarecomprised of a bulk susceptibility (column CH in the

case of Spec A) arttireeorthogonal tensors that together define the AMS ellipsoid. The three tensors are theidoidL),

an intermediatexis (K2) and a short axis (K3). Each of these tensors is comprised of a relative intensity (i.e., a multiplier of
the bulk susceptibilityfor that tensor (e.g., column CJ) a declination (or dip Azimuth: e.g., column CM) and vector inclination
(or plunge: e.g., CP) and alpha 95 errors for each (e.g., CS and CV). The AMS ellipsoid is geographically corrected relative
to drill-hole or surface sample orientation and can be visualised using stereonets.

Anisoft 4.2wasused to assess the quabtydclustering, whether the magnetfabrics within specific lithologies or structures

have a preferred orientation overall and whether the distribution of orientations reflect a specific type of fabricavitbak th
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730 (e.g., axial, axial planar or planar distributions: Zavada, et al., 2017). Three main parameters, introduced by Jeljnek (1981
are commonly calculated from the results to differentiate the style of fabrics present. P (e.g., column DA) is equal to K1/K3
and corresponds to the anisotropy factor. Rocks wiitth high P values are highly
L(e.g., column CY) is equal to K1/ K3 and defines the extent to which a rock h:
is prolate and the rock has lineation). F (e.g., column CZ) is equal to K2/K3 and defines the extent to which a rdekl is folia

735 (i. e. , if K184K2>K3 the ellipsoid is oblate, and theg,rock has a foliation). Othe
column DB) the corrected degree of anisotropy which takes the shape parameter into consideration and T (e.g., column DC)
the shape parameter (O=isotropic; +1>T>0 = oblate (planar) ellipdsi@<0 = prolate (linear) ellipsoid). Aexample data

outputfrom Anisoft 4.2 software andan interpretation of that data gyeesentedn Figure1819.

Processing

740 The data collection process involved individual analysis of up to three specimens (i.e., sub samples) for some properties (e.
magnetic susceptibility), up to three samples simultaneously for others (e.g., radiometrics), and only one specimen but one
was analysed for other (e.g., TIMA).idtnot practical to presentithdata as a database, due mainly to the extent of additional
calculations and metadata required by each of the individual technigphesed insteadTheCl oncurry METAL fAdatabaseo

(Austin et al., 202) is thereforeaprovided as a singleimple-excebpreadsheefreferedto-as-a-databasirused

745 Ia-theCloncy METAL databaséAustin-et-al. 20213 becausdherearanultinle_measurements-ner-samn

the-Vector properties tensorssuch asAMS ellipsoidsarevector-guantitiesturtherprocessing-is-required-to-produce-bulk
structural-fabricsfor samplequired Frigonometricvector additionvas-appliedo calculate weighted medineations(i.e.,
K1 vectors: columns FL) with corresponding intensity (column FM) and weighted mean foliations (i.e., inverse weighted

planes to K3: columns FBP) with corresponding intensity (column FQ) for each sample. These calculations, which
750 incorporate bth vectors and the relative intensity of the fabrics provide weighted mean foliatidmeatibn data for each

sample, which are compatible with traditional measurements used in structural geology.

Mean length is also calculated for the mean lineation (column FN) and mean foliation (column FR) as a measure of certainty

of the results. The mean length is the vector sum of two or more vectors divided by the sum of the vector lengths (i.e., a

measure othe parallelism of the vectors) which provides an effective measure of the relative textural homogeneity of the
755 sample. Samples with a mean length >90% are considered texturally consistent. Whilst sample with mean length <90% have

fabrics that are inconsistent to at least some degree the user should note that the result is highly dependent ondhe number

vectors used in the calculatioRegardless of the number wéctors included in the calculation, a mean length of 100%

indicates all vectors are parallel. Where two vectors are used in the calculation, a mean length of 95% approximatas two vect

of equal intensity are 30e¢ B8bfwseppformmaeteb bwbhewvpchomeaofl|l egqgah béngth offse
760 fromeachboher; and a mean |l ength of 50% approxi mates two vectors of equal l ength
vectors are used in the calculation a mean | ength oof 92% approxi mates three Ve
ot her ; a mean |l ength of 80% approxi mates three vectors of equal intensity ar e
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33% approxi mates three vectors of equal intensity are 90¢ offset from each
calculation a mean |l ength of zero is possible (butchhighly wunlikely) if three

other.

35.2.7 Automated Mineral Mapping
SamplePreparation

After the petrophysical analyses were complesadhplesvere polished for automated mineral mapping. Where possible, the
rounds were polished on the side opposite to the Palaeoazimuth markings (see Section 3.1) and without resin impregnation on
the surface, howeveesin was required fanore porous samples.

Automated mineral mapping was conducted using a Mira TE¢daid emission gun (FEG) scanning electron microscope
(SEM), coupled with three EDAX Energy Dispersivera§ Spectroscopy (EDS) detectors, a backscatter electron (BSE)
detector and the Tescan Integrated Mineral Analyser (TIMA) software package. Thetadtamadal mineralogy setting on

the SEM utilises a 25 keV, 6 nA, 26 nm electron beam and a 10 pm pixel size was chosen for analyses with a required minimum
of 1000 Xray counts per pixel. Standard electron beam alignment, focussing and instrument @alibreitiding BSE and

EDS detector calibration, were carried out before each analysis run of up to 22 samples.

An area 23 mmin diameter of the polished surface was scanned, with an average analysis time of 1 hour and 50 minutes at
10 pmpixel resolution, producing mineral phase and BSE data for each sample. If the SEM scans over an unrecognised mineral
phase, a grain boundary, or poorly polished section due to the presence of clay minerals or sample fractures, unclassified
(black) pixels will occur in the dataset and in the phase panoramas. Any unrecognised, genuine phases can be later added
mineral library in the TIMA software. While the TIMA SEM system is operating in modal mineralogy mode, it produces
volume percent mineral abundances down to 0.01 vol. % detection limits, which can be exported as a .csv along with the
mineral phase.png imag(e.g., Figure1920) that are integral to interpreting alteration mineral assemblages and textural

relationshipof eachsample.

Mineral Classification Methods

For each of the deposits studied in this project, a C&iB@@loped, Xray spectranatching mineral classification library was

generated. The 6l egacydo Uncover Cloncurry samples were considered in the devel
accordngly. The new mineral classification libraries have improved previously misclassifiedclassified phasdse.,

scapolite and plagioclase at Ernest Heamrgisillimanite/andalusite and pyroxenes at SWAN) found in the Uncover Cloncurry

datasets. On avage, each of the deposipecific mineral classification libraries include more than 150 minerals, which have

been generated from international st amdaatitativeEldctrooBacksdatter Mi ner al 6 s Mi ner al ogy Dat a
Diffraction (EBSD) analyses, which were acquired with an Oxford detector on the TIMA SEM, or microprobe standards. Any

minerals thatwere imported directly from the international Web Mineral database were done so in consultation with the
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available literature for each of the deposits anbuiit spectramatching and spectiguantification calculators in the TIMA
software.

In the mineral classification library, each mineral is constrained by its mineral chemistry (#igayeand furthemore the

expected Xray count range per element within the mineral. Theycount ranges are guided by the reference spectra, but
generally need to be refined for each mineral as the computed ranges can be misleading. Additional elemental constraints with
low-to-background Xray count values are often added when minerals of similar composition need to be differentiated (Figure
2122). Due b many minerals existing as variations of their solid solutions, in some cases, small impurities such as Fe and Mg
in muscovite (Figure2122) are allowed into the mineral definition. The primary and secondary constraints are particularly
importantfor minerals that have undergone multiple stages of alteration and include common and unusual impurities, for

example the grossulaand spessartingch almandine garnet species found at the Cannington d¢pesitce et al., 2021)

35.2.9 Geochemistry

Portable XRF data were collected using an Olympus Vanta pXRF instrument, which has a 80&¥/riodium (Rh) Xray

tube and a largarea Silicon Drift Detectorin-GeoChem-mede{10-k\/and-40-k\-beaphhalytical beam times were 20 [pormaned: Font: 10 pt, Font color: Auto

seconds and utilized a 10 kV and 40 kV beam in Geochem ribdel-measurements were checked against 5 knowairix-

matchediamond core standardgiich-were-matrixnatchedand a silica blanko check efficacy and instrument drift during [Formaned: Font: 10 pt, Font color: Auto

data acquisitionHhowever the data presented in the databasetinet al., 2024js uncalibrated against the standards as the
instrument measurements closely matched the standard values. The instrument drift was also monitored by repeating one
unique standard and a blank every 20 analyses. Measurements were taken on the polished surface of the TIMA rounds apart
from samples which were set using resin prior to polishing due to poor rock quality/friabilitpéegSWAN samples). The

resin has a significant impact on the pXRF results due signal attenuation and interference, and so measurements were
undertaken on the unresined back of the samples. The front resinedeidalso measured for small test set of 23 samples

from SWAN, confirmingthat thedataareunusable as all elemental concentrations are attenuated by as much as two orders of
magnitude. All pXRF data in the database (columns NY to iQ€ides theproportion of the element present and associated
reading error (1 standard error), both of which are displayed in parts per million (ppm). Light elements, defined aththose wi
atomic number <11 (i.eNa and lighter) cannot bguantifiedby pXRF and sahe total proportion of all light elements
(LE_concentration) ipresentedhowever in columns QP, with the respective error in column QQ (both in ppm).

35.2.10 Hyperspectral Data

Data Collection

Hyperspectral data in the VNIBWIR (3502500 nm) spectral regions was collected using ASD (Analytical Spectral Device)
Fieldspec4 spectrometer. Data was collected on the polished TIMA round surfaces for 100 averages, and the instrument was
calibrated withusing a standard white reference material. Spectra were viewed and analysed in The Spectral Geologist (TSG)
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software. Collecting spectral data on a polished surface thaioteal measurement condition and imparts some noise on the
spectra due to scattering effects which are largely related to the mineral assemblage present (e.g., more sulphidigeor iron ox
rich samples are generally noisier). However, hyperspectral measurements were not a component of the original Uncover
datasetsand were added as a database component for the METAL dataset&ynidrough sampling, and so a significant

number of METAL samples as well as the ~500 Uncover Cloncurry samples were already polished prior to the onset of data
collection.

A key component of creating a fully scalable and integrable geoscience database, is théaththmeasured in a consistent

manner with measurements from different methods on the same sample surfase,a®sdte of 23 test samples from Ernest

Henry were measured pre and post polishing, to evaluate the impact of polished vs. unpolished samples on the spectral results
The primary difference between the spectra from the rough and polished surface isowerdie shape of the spectral
background wmich is observed as systematically lower VSalbedo (reflectance albedo ove4®®B®m) and higher SWIR

spectral contrast pfit (range of reflectance over [1300,2500] n#tredded by a 3rd order poly fit) in the polished samples
(Figure2223). A minor but systematic difference is also observed in the spectral outputs from polished and unpolished samples
for commonly used scalars (e.g., 2250D and 2200D). However, the outcome is the same trend across the sample suite for both
the polished andnpolished sample, and negligible changes to the qualitative TSA (UTSAS) outputs were observed (Figure
2223). Given the test sample results and that the bulk of the samples (including all of the Uncover samples) were already
polished, the remaining samples were also measured on the polished surface for consistency across the database so that all
measurements (TIMA, pXRF, ASD) were representative of the same surface. The exception is for samples which were set
using resin prioto polishing due to poor rock quality/friability (e.aomeSWAN samples). As with the pXRF data, the
backside of the resined samples was measured to avoid interferences from the resin.

Processing and Data Outputs

Spectral mineralogy outputs were generated in the TSG (The Spectral Geologist) software using a series@é\@Rip€al

Batch Scalars (system, user published, and file) as well as the inbuilt TSA (The Spectral Assistant) function of TSG. These
standard outputs were included for each deposit dataset regardless of their effieagiydodeposit or mineral system. This

so that everydeposithasconsistent outputfor use in advanced data analytics and relies on the user for evaluation of which
outputs tause in making interpretations. All the spectral outputs have been created using TSG Version 8.0.7.4 and TSA Version
7 (released May 2020).

TSA is an algorithm for automated spectral unmixing which uses its training library to match the spectrum against a single
mineral or model a simulated mixture o#2minerals that most closely resembles that of the input spectrum (Berman et al.,
2011) (Fgure2324). TSA mineralogy outputs are one of the most common outputs derived from hyperspectral data using TSG
and should be used with caution as they are only a best approximation of theézpntributing minerals to a given SWIR,

VNIR, or TIR spectrum, and represent relative abundances. The quantification of any spectral parameters requires the

concurrent collection of validation data for calibration of the spectral data, e.g., quantitative XRD (Haest et al. ukabh@p La

27



860

865

870

875

880

885

890

etal., 2017) or EPMA (Lypaczewski and Rivard, 2018). Regardless, TSA unmixing results are commonly used by geologists
as thedataareexported as relative weights of a given mineral (Figig®4), however, these results and their reliability are

highly dependent on the reference library used, as well as the mineral assemblage present (Laukamp et al., 2017). It should
also be noted that the mineral assemblages present in the Cloncurry METAL and Uncover samples are dominated by SWIR
inactive minerals, including oxides and sulphides, where the SAbftiRe mineral assemblages relevant for vectoring towards
mineralsation aretypically dominated by chlorite, biotite, and calcite mineral species (e.g., Ernest Henry) which are
challenging to distinguish between in the SWIR due to their overlapping spectral absorption features in the SWIR, namely the
~2250 nOHoOA Mgn d340t nmearberate feature (Laukamp et al., 2017; Lypaczewski and Rivard, 2018) (Figure
2324).

TSA results have been exported into @lencurry METAL databas€Austin et al. 2621.2024) at both at théMineral Group

(QW to RJ) and Mineral scale (RK to TE) to allow for application at different scales of detail. However, the Mineral Group
results arenore robust, and the mineral scale of TSA outputs should be approached with caution (e.g., Laukamp et al., 2017).
Parameters related to the quality of the fit have also been included to assist the user in evaluating the qualityltsf(R& resu

to QV) (Figure2324). The minerals included in the TSA library for a given deposit are informed by the TIMA automated
mineralogy results with domain expert input to evaluate the rate of false positives and misclassifi@atemthe limited

number of SWIR active minerals in the samples, the libraries used for the TSA unmixing do not change significantly between
deposits. For all samples, the Albedo threshold in the TSA setisghanged from its standard setting of 0.04 to 0.01 to
accommodate the daréss of the rocks, and the lower albedo of the polished samples with respect to unpolished or powdered
samples. This also redutthe number of NULL TSA results.

As discussed above, for the purpose of the database outputs and their application in advanced data analytics, theg SA librari
have been minimally changed between deposits, and the TSA settings have been kept consistent. However, the TSA outputs
for a given deposit may be improved (NULL results reduced) for certain mineral phases with the addition of deposit specific
custom external reference libraries and further tweaking of the TSA settings. The changing of TSA settings is something which
is generally not recommended and was tested for Ernest Henry with well constrained TIMA mineralogy and domain knowledge
input. While the number of null results were reduced, the results were often unreliable as would be expected when removing
constraintsfom unmixing model, and in general resulted in an overrepresentation of chlorite across the dataset (e.g., EHM025
in Figure2324), and so the results are not included in the database. Another approach to improving unmixing results is to
expand the minerdibrary using external reference libraries which include spectra of mineralsknd»e in the dataset. This
approach was tested with the Ernest Henry dataset using a custom external library which included a larger number of biotite
spectra, as biotite and chlorite are difficult to unmix, as well as scapolite which is known to occur in the samples (from th
TIMA data). The application of this library did not result in a significant improvement in the unmixing resgltsq scapolite
identification) and in many cases resulted in more misclassifications, and so the results are not included in the Hatabase. T
presence of known phases (from previous GSQ work and CSIRO TIMA datasets) such as scapolite and piemontite were also

probed using a spectral matching method {a&tch in TSG). This method outputs the results of curve matching between
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spectra in the project dataset and spectra in an Aux (Custom Library) dataset and yielded no significant matches despite the
presence of scapolite in abundances of up to ~50 wt% in some samples.

This highlights the inherent difficulties mineral identification in mixed samples from SWIR spectra using endmember library
spectra. Another limitation of conventional unmixing methods (like TSA) is that it uses only the SWIR region of the spectra
(14002500 nm) and does not consider the entire spectral range of the instrument2880 nm) (Figure2324). This is

i mportant when considering that t he assembl ag eisn apcrteisveenct in
minerals and that thenineralisedassemblages are iraxide rich (Figure2324). While SWIR inactive mineral such as

feldspars do not have distinctive spectral features in the SWIR they contribute to the spectral background, and th@WNIR regi

of the spectrum is sensitive to the presence of iron oxides and transition metéds thissreason; that the entire raw spectrum

is included in the database.

Given the inherent complications with spectral unmixing results, many spectral gedlegjsttaukamp et al., 202fyefer

to probe individual spectral features in a datagdboking at for example, the depth, wavelength or shape of a well understood
spectral absorption f editourfeeaswale g .tghe HaEGtOMoAAREaturdl2)
(e.g, Sonntag et al., 2012) (Figu824). Figure23-24 provides a good example of how the 2250D (batch system) scalar,

which provides a measure of the depth of the 2250 nm feature, relates to abundance of chlorite in three samples and is an
improvement on the TSA outputs. Scalar is the term used by TSG to refer to any set of calculated values related to loaded
spectral dat. The outputs included in the database are what are referred to as batch scalars. Theseritiesn pveelt

established, and in most cases published scripts for spectral parameters which probe the position or depth of a diven spectra
absorption featuréSee Laukamp et al., 2021 for an overview). The outputs in the database are split into three categories, TSG
Batch System Scalars (scalar name_SS), TSG Batch User Scalars (scalar name_US), and Batch File Scalar (scalar name_FS
). Batch system scalars commonly uselza8d polynomial fit, while the User Scalars employ a Multiple Feature Extraction
Methods for th& outputs so are much more restrictive (Fig@#e5). Details of the scalars name, application, as well as
references are included the database explanatory notes and are also described in Lauképet bt all of the scalars

in the database willelevant or even trustworthy for every deposit but have been included so that each dataset in the final
databas€Austin et al.,20212024) has the same outputs for use in advanced data analytics. It is also important to note that

the System Scalars (_SS) do not have any masking applied to them, and that the user should consider this in their application
(Figure2425).

35.3 Datasetcollation and integration

For ease of useur dataetis provided as a singlexeel spreadsheeir as separate spreadsheets for individual depdisits
comprisesnumerous outputs from a variety of different sensatsich are processed in numerous software platforms, and
requiredadditionalpre-processingintegration,and assimilatiosteps forsome of thenethod.

The format wasnodifiedfrom the previous version (Uncover Cloncurripatterson et al, 20},8nvhichhadthree to foulines

per sample each corresponding to a differentsarbple (specimen). This format was difficult to use because most data was
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missing from most lines. In ¢updatedrersion,all data from eackample (up to three specimearg included in one row, and

extra calculations have been added to better summarise the data. In general, these are simple averages. However, in the case
of vector quantitiege.g., AMS and remanent magnetisatitm averagelirection of three vectors coupled with the average

intensity of the vectotan provide a poummaryof the dataand the associated erso€alculating vector means (i.e., adding
thethreevectors togetherigonometrically)is a farmore accuratsummary of the datandtheassociated mean lengthetric

provides an excellent measura the consistency of the three vectors used in the calculation.

To make theCloncurry METAL data(Austin et al.,20212024) easy to use a range of metad@tescriptions of which are

outlined onTab 2 of the databasaje providedincluding

1. Information on the structural context and system zonatiore haen included. Structural context is ascertained by
examination of the position of the samples relative to mineralisation (determined from Leapfrog interpolation) and relative
to the established structural framework of deposits (if they exist). Where possible previous work, incDdjegysical
and geochemical models and crkssstion in a D GIS (e.g., Discover 3D, Geoscience Analy8{, or Leapfrog") was
assembledSystem zonatiomasdetermined by examination of the alteration assemblages present in TIMA imagery and
is also determined relative to previous work. An example of thiscontextual metadata used igprovided in relation to
structure, geophysics and geedfistry in some of the major outputs of this stuelg(, Schlegel at al., 2021; Austin et al.,
2021b, c; McFarlaneet al.,2021, Stromberg et al., 20R1

2. Accuratethreedimensionalocation data (X, Yin metregelative toGDA zone 54map grig andcollar altitude (Zrelative
to sedevel) for each samplis alsoprovided. XYZ data wrecalculated from collar location and survey information from
confidential company drilling data and downhole depth information collected during sampling and computed using the
AiDrill holeso functMon of Maplnfo Discover

3. General geological descriptions based on company logs (where available), from sampling notes (where avafiteble) and
from TIMA imageryare also includedt should be noted that these data are highly qualitative, especially the former two.
Whilst the TIMA images are quantitative, consistent representations of the lithology of the rock, the interpretations of the
rock type, alteration and texture are still dizéive. Until complex variablesuch agrotolith, textural fabrics and relative
proportions of alteration productsan be determined autonomoustpm TIMA imagery usingdataanalytics, these
descriptions will have tsuffice However, they should be used with caution, asersof the databasareencourage to
review the TIMA imagery themselves and revise the structural and alteration framework to suit their specifiorneeds

better still, devise an automated method.

35.4 QA/QC

Each of the input datasets for this project were produced peimgietaryinstrumentation and software, and as such much of
thequality assuranceand checkingvasundertaken usinthese software packagesor to exportSome of the main problems

identified at this stage of the process included:
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1. Falseparallelismof NRM directions due to the sample rotator not working correctly on tk&@Bgnetometer
2. Subdué magnetic susceptibility readings in magnetith samples due to seliemagnetisatioeffects.

960 3. Large percentages of #AunTKMAomineral libray imigatians. s i n TI MA due to
These issues and others of a similar nature wasdly addressedy minor changes tthe setup of variousinstrumens,
modifying instrument settings and/mnproving referencepectraas required.

The processing and assimilation of these individual ss&amshowever, preserfar more opportunities to introduce errors
via mistranslation of proprietary data formats into temtsplacementof data or misappication offunctions (e.g.usingthe

965 wrong columndgo calculate averages and rajidBy and large these kinds of errgmesented as obvious bipolar contrasts in
resultant outputdypically with orders of magnitudeariance These were (hofialy) all fixed prior to publication.

In somecasesthe datapassed QA/QC butill had a majofflaw that made it difficult to integrateffectively. These were
encounteredh asubsequerdata analyticproject (Williams et al., 2022 which the entire dataset producesuapiciousi-
modal clusteringgnone axisof severahontlinear data reductioprojections After individually assessing each of the various

970 components whickorrelate witha keyaxis of thedimension reductioprojection two major problemsvere identified. Both
wererelated to underlying collection and processing issues out of our control.

1. An approximately 10% difference in the radiometric dasanly correlated with a consistent difference-@6% between
the Potassium% ofwo groups of sample3hose with lowerose rate were lameasured taour North Ryde laboratory
aroundNovember 2018, whereas the samples with the higher dose rate were all measured at our relocated Lindfield

975 laboratoryaroundApril 2020. Williams et al., (2022found that all samples measured at eachs$itgedthe samdlaw

and inferred that the contrasin mean radiation levelvas due tothe background radiationf the differentlaboratory
environmentsThis calibrationerror washas-beeramended byormalising each channel of radiometric data relative to the
mean measurements from each site.

2. Williams et al., 2022 also founidstancesvherein which similar rocks with similar mineralogplotted at opposite ersl

980 of a dimensionally reduceprojection In this case it was found that the main difference between the two clusters was

related tothe methodology used to generataathe TIMA mineralogy mapsvere-generatedOne of theselustes was

comprisedf earlierUncover CloncurnSamplegPatterson et al., 2016) which were measured using a previous version of
the TIMA software and processed with a slightly different TIMA library. The previous TIMA library did not include phases
such adayalite, almandine, epidote, fluorite, scapolite, and otfiéres duringprocessing of the data, one mineraliici

985 easily beincorrectly classiid as anothee.g., andesini the earlier datavasinsteadclassifiedasscapolitein the later
In some instances, the same minerals also mapped using different names, e.g., potassic feldspar was mapped as
microcline in the Uncover Cloncurry mineral library, but asedspar in the Cloncurry METAL libraryWilliams et al.,
2021).This majoroversight has beemmended in the updated version of the datgenerajjeneral, howevethe use of a

different TIMA library may dramatically affesieveramineral phaseand i this caseariances in theolume of actinolite,

990 scapolite and #eldspar, all affe@d the projectiondramatically Because of the updated software it was not feasible to
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individually reprocess all results and so legacy samples wererepipcessed for deposits studiedtlie Cloncurry
METAL project(i.e., Cannington, Ernest Henry, SWASkarra276, Osborneand Eloise).
TFhis The use of different mineral librarieeantdatameant somef the more uncommoassemblagefsom the earlier study

could not be easily integrated with data frdme latter -highlighting thatthe processes by whictataarecollected reduced

and representeldave profound impacts on any big data approaches to geosclénses a particulafy- the-casissuefor
categorical data (e.gmineralogy)which may not be precisely identified onay correspond tomixtures of multiple
endmembersButitis a common problem across all spectral/elemental imaging and scanning analyses where data needs to be
6 u n mi Koebesbaddressuch issuescross different rockuites usingjuantitativemineralogyapproaches (e.g., SEM

TIMA) itis critical tol. haveaccess to raw data, custoniseddata reduction approaches, @hdmarterand/or more flexible
approaches to classification/estimation of mineral phase proportions.

Data ollection issues almostertainly have a greater impagh outputs than data antbs methodologiesThe issues

identified here are detectable, resolvable, and have relatively small impacts due to the scale integrated nature tifehe data,
high quality of the data and consistency of the sampling and analytical tools used. However, the use of datasets assimilated
from different scales, resolutions, precisions, and tools, more generally would almost certainly lead to far more segous iss
which could be substantially less éetable andwhich no amount of buffering, filtering, recalibration, or conversion can

adequately supress. The consisteagt qualityof inputs is paramount.

56. Applications

The data collected by this studypan a range ofieoscienceapplications,including understanding deposit paragenesis
(Schlegel, 2021Schlegel et al. 2021, 20R2ntegrated insights intdhe geochemical, mineralogical, and petrophysical
footprints ofmineraldepositge.g., Austin et al., 202), quantifying the structural controldustin et al., 202k; McFarlane
and Austin, 2021and geophysical expressiffustin, 2021a, b of mineral systemsheresultingknowledgecan be applied

to three broad functiondineral ExploratioriTechniquesMinerals Systerscienceandcharacterisation, antbvel approaches

to each usinglata analytics

56.1 Mineral Exploration and Minerals System Characterisation

The data produced has applicai@tross a range of green and brownfields exploration toolkits as visualised by the Venn
diagram in Figre 2526. At the core of this capability ihe SEM-TIMA quantitative mineralogy technologEM-TIMA
providesquantitativeinformation about mineralogy, lithology, rock texture, metamorphic grade and alteration paragenesis,
much of which is only collected qualitativedynd very subjectivelin mineral exploration. Furthermore, SEMMA provides
contextual information that can be used to constrain our understanding of the other techniques (i.e., surrounding TIMA in the
Venn Diagran(Figure2526)) producing camyscale exploration targeting criteria which can be exploited using conventional
coreshed tools (e.g., Figurg627). The resultant datalso provide quantitative constraints across a range of geoscience
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disciplines, which address the five questions of mineral systems scfatshé et al., 20Q5including: (1) What is the role

of Geodynamics?2) What is the role of Architecture of the syste(8P What are the roles of fluids, their sources and
reservoirs?4) What are the fluid flow drivers and pathway§pWhat are the metal transport and deposition processes? The
applicationsof these datare discussediting examplesvithin this framework bel.

56.1.1 Geodynamics

Insights into the geodynamics of the minerals systam be gainedia interrogation of the mineralagl and textural
information derived from the SEMIMA imagery. The mineralogydataprovides information abouthe relative abundance
of metamorphicindicator mineralg(e.g., sillimanite, andalusite kyanite pseudomorphsas well asinformation about the
temporaljuxtaposition of metamorphiandmetasomatic reactioassemblagesTextural information from SEMIMA also
providesinsights intotectonemetamorphic evolutiorby differentiaing primary sedimentary and igneous textures from
metamorphicmetasomaticand tectonic texture§his mineralogical and textural quantification of rogh®videsvaluable
information for thereconstrudbn of sedimentary, magmatienetamorphictectonic,and metasomatic history.e., the
geodynamicevolution of a terraneIn general for the Cloncurry terranemineralisationtypically postdates the major
metamorphic and tectonic episodesincidng instead with late magmatic hydrothermal activity atdke-slip tectonics.
However, there arexamplesn whichour data provide critical insights into tearliermetamorphidistory of the Cloncurry
district For examplethe work byPearce et a2021) integratingmetamorphic petrology arlREE-geochemistrydata from
theCanningtordepositidentifiesa complex hisiry pervasivé-e- andCaFealteration, that was subsequergikposed to high
grade (>upper amphibolite facies) metamorphism and fgtrated to fornthe complex assemblagebservedThe TIMA
imagery on their own provide future studies with an ideal launching platfdionying researchers to readiycaie minerals

of interest forinterpreting broad crustal processeg(, REEprofiles), thermobaromey (e.g., garnet, pyroxenes, amphiboles,
sillimanite) andgeochronologye.g., monazitezircon).

56.2.2 Architecture

The mneralogical and textural quantificatiof rocksprovided by SEMTIMA can be integrated wittuantitative information

on rock fabrics providd by anisotropy of magnetic susceptibilifAMS) datato provide valuable information about the
architectureof the sysém. The AMS technique allows us to differentiate isotropic vs anisotropic rdtksebyassisting
differentiaton of rock typesandproviding insights intdheir role inthe development of regional to deposit scale architecture.
For example, Austiand McFarlang¢2021) found that dioritic intrusions in the distal foot and hanging wall of Ernest Henry
had itropic (i.e., undeformedfabrics, consistent with theating as rigid buttressebatfocusedstrainduring deformation.
AMS provided informatioron the nature of fabrics within different rock typasd in particular whether fabrics dirgeation

or foliation dominantand thestrength of those fabricSuch information allows us to differentigtemary sedimentanand
magmatic fabrics from tectonic fabriesidfurthermore quantify the bulk rotations in those fabrielated to foldinge.g.,

McFarlane et al., 203%&ndor rotation of rigid blockwithin an incompetent substrafe.g., Austin and Patterson, Z)2The
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technique furthermore allows usdontrast lineation and foliatiofabrics within a cluster of samples to produce information
of the kinematics of a deposBuch insights can be integrated with convention structural geology, lineament interpretation
based on geophysicflter products and ® geophysical models to characterise regional architeanaealeekinematics

56.2.3Fluids (metasomatism)

Fluid compositior(including containe@lemens such as gold, copper, irssulphurandcarbonatearbor) andfluid properties
(including oxygen fugacitjredox)andacidity (pH) are importanfactors that contromineralisation. Whilstechnially not

direcly characterised by the data obtained in this study, valuable insighfeiidtcomposition, redox and aciditf the fluids
involved in mineralisatiorcan still be obtainestia understandingf alteration paragenesid deposit zonatiofThe main

tools for understandinthese propertieiiclude SEM-TIMA mineralogyandSWIR hyperspectral data

The Cloncurry METAL datasets identified several mineral zoning patterns and compositional trends related to the Cloncurry
District IOCG systems, many of which aremanique, and have applicatiottsdistrict scaleexploration. These include

1. Feldspar mineral zonation at Ernest Hereyg(,Schlegel et al., 2021) and Eloised.,Birchall et al., 2021)

. Zonation in white mica and carbonate abundance and chemiStgrea276 (McFarlane et al., 2021a)

. Chlorite and biotite distribution and/or chemistry at Eloise (Birchall et al., 2021), and Osborne (McFarlane et al., 2021b)
. Chlorite-biotite-white mica zonation at Ernest Henry (Schlegel et al., 2021) and Mt Elliot (Stromberg et al., 2021a)

a A W N

. Apatite haloes around theineralisedzones at SWAN (Stromberg et al., 2021a), Ernest Henry (Schlegel et al., 2021) and
Eloise (Birchall et al., 2021)
Hyperspectratiataaresensitive to most mineral species (apart from sulphides), and different spectral ranges are sensitive to
different mineral specigdaukamp et al., @1). While hyperspectral mineralogy is a surface technigwan be usetb map
alteration from thesubsample toregional scalg andthuscan be easily integrated with other geoscéetlatasetsuch as
radiometrics and magnetid¢e inform our understanding cflteration footprints andluid pathways (e.g., section 5.2.4)
Stromberget al (2021)provides an excellent exampt®mbiring high-resolution SEMbased mineral mapping from four drill
holes at SWANML Elliot with continuous downhole hyperspectral HyLogdér3latasets to present an updated alteration
paragenesisf the systemTheir workdescritesthe role ofsuccessivéluids in localisingmineralisation andleveloping the
associatedlterationfootprint
The roleof fluids in localisingmineralisation can also be examinedraich finer scale using theSEM-TIMA coupled with
geochemistrylata Schlegekt al. (2021) andcFarlane et ak2021) highlighted the role of acibase reactions in controlling
mineralisation at Ernest Henry andtarra276. Schlegel (2021, 2022urthermorehighlightedhow SEMTIMA mineral
mapping approacban be used to understand the role of flindgenerating porosity in hydrothermal systeifisey suggested
thatmineral zonation restitig from of sodic alterationpotassi¢ and ironmetasomatismshearingandbrecciation followed
by regressive hydrolytic alteration and carbonatizatitydrolytic alterationresulted in variable replacement of magnetite by
hematite also rsulted involume reductiorgorosity creation(evidentnow as late carbonate infill and veiningyhich made

way forthelate high grade coppenineralisation
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56.2.4Pathways

Insights from convention structural geologyeophysicsbasedlineament interpretation and-I3 geophysical modihg
providerigid constraints on the architecture of the systerndits paleekinematics Structures are commonly assumed to be
fluid pathwaysIn reality, however all structureshave unique histories, have differdimematicsandare active at different
times Whilst the interaction of structure and alteratimanbe constraired at the sampléo deposit scale usifngETAL data,
it is more difficult todifferentiate the rolef regionalstructuresn localisingmineralisingfluids basedourely on convention
structuralgeology and lineament interpretatidro differentiate fluid pathways fromther structuresewmethodsare required
that can highlight fluid rock interactions within those structurest only at the sample scafe core scalgbut also at the
district scale.

Research oOCG depositgAustin et al, 2016b, i; Austin and McFarlag 2021, Austin, 2021b; Austin etal, 2021c) has
identified associatios betweenmineral deposition andedox reactions refleced in transitions betweemagnetite and
pyrrhotite,or hematite bearing lithologie§hat workillustratedthat transitions betweehese key deposit forming minerals
coincidewith elevateduraniumon the more oxidisedide of the gradier(i.e., magnetitein a reduced systemoy hematitein
an oxidised systenThis association is mappaldethesamplescale using METALapproach, at thérill core/ deposit scale
usingahandheld susceptibility meter and gamrag spectrometeAt a regional scalthe association ofFe-oxide anduranium
(i.e., theredoxgradien} canbe mapedusing a combinatioairbornemagneticandradiometric datde.g., Austin, 2021).
This technique allows the differentiation fidid pathways from usinvolved structures aeverallOCG depositacross the
Cloncurry district including SWANStarra276, Monakoff, Cormorant and Cante€Austin, 202b, Austin et al.202162024).
Therecognition of suclprocesseprovide anddealproxy for oxidised fluid pathwaywithin IOCG mineralsystemsecause
they allow use to convechemical reactions into physical propertileat can be recognised in geophysical dat@ontrast to
mineralogical or chemical propertigbese physical propertieg readily scalkfrom sample to driicore, to deposit to district
allowing us to trace fluid pathways from the deposit intodisérict

56.2.5Mineral Deposition

Mineral deposition in hydrothermal systerntstypically a function of several processgsisually thechemicalreactvity
potentialof the host and fluidcoupled with theavailableporosity (e.g., section 5.2)3ndstructural contrad. The Cloncurry
METAL databaséAustin et al. 20212024) provides insights into eachnformation a structuralfabrics within a mineralised
systermis derivedprimaiily from AMS data (discussed in 5.2, hich isupscaledising geophysical modelling and lineament
interpretatiorand integrated with insights from radiometrics to constrain fluid pathveigsussed in 5.2.4This knowledge
of the structural catrolsis coupled withinsights intodifferent fluidrock reactionsand alterationparagenesis from SEM
TIMA (discussed ir5.2.3)to characterisenineral depositionin essencethe processsinvolved in mineral depositiorare
interdependenthat isfluid pressurémpactsstructuralrheology which impact porosity generation, which impacihemical
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reactivity. These processes are all linked, and the gantage of the METAL methodology for data integration is that our
dataareintegratedby-design andhereforedescribe theseprocesses holistically

1120 Austin and McFarlane (2021yrovide an example of how insights into structural controls can be integratedamvith
understanding of the méitagenic history to understand mineral depositiimeir workdemonstrated that the juxtaposition of
tectonic lineations and foliations at Ernest Henry suggested anticlockwise rotation of the strain direction causinigra transit
from pure reverse movement to sinistral strike slip from ca 1IEB® Ma. They interpret that as the system evolved into
strike-slip dominant tectonism, in which-8 oriented near surface structures linked with reactivategbatalel basement

1125 structuredacilitating fluid flow between the lower and upper crate AMS techniquénasfurthermore identified that the
majority of structurally controlled hydrothermal deposits plunge parallel to the measured K1 (lineation) vector (e.get Austin
al, 2016 d,e,f; Austin and McFarlane, 2021, McFarlane et al, 2021, Birchall et al, 2021). This allows us to predictehe plung
of mostmineral deposits in the Cloncurry District, demonstrating its value as an exploration tool, if utilised early in a
greenfields drilling campaign to accurately plan follow up drilling (McFarlane and Austin, 2021).

130 56.3 Machine Learning

Williams et al. (2022) developed targeted workflows to make use of the range of geedaterwithin the reference database
and investigated options for ppeocessing, transformation, and the construction of unsupervised and supervised predictive
models. These workflomsereimplemented in Python anere presented as a package of configurable scripts, which can be
readily integrated and extended with widely used egmurce machine learning packages. A range of software tools and
1135 algorithms have beened, adapted and created to make use of specific types of geestaénin machine learning workflows
and for configuration of model generation and interrogation.
The multiproperty nature and dimensionality of the dataset predenthallenge for use in machine learning workflows
targeted dimensionally reduced projectiorese found tdoe useful founravellingcomplex geologyhanbivariate, ternary or
threedimensional diagram&Villiams et al (2022)dentified the prominent features and signatures which define the larger
1140 scale structure of these projectigm®viding a geological framework for th@ustering models developed. Dissection of
dimensionally reduced projectioatsoassisted in identifying a series of @C issues related to the reference dataset itself,
which otherwise may have been more difficult to identify or diagnose.
The models developed can efficiently represent complex geology as described by geologists and suggest that some degree of
predictive analytics for exploration is feasiblédne project provided eeference framewor&igure2728), allowing explorers
1145 to contextualiséuture exploration resultelative toknown mineral system signaturisthe regionand in so doindurther

building the referencéramework

Data Availability
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Data described in this manuscript can be accefssad-the AuScope Data Repositdiye-Geological-Survey-of Queenstand

Gsgy  Open  Data  Poral https://doi.org/10.60623/82trleue
i a/da edded Austin et al, 202162024)

Conclusions

Cloncurry METAL set out to push the boundariesioy Datad, by critically examining the role of the data, in particular the

pitfalls of incompleteness, inhomogeneities of scale and specific scale dependencies of different data types (e.gg contrasti
depth of resolution of magnetic vs gravity inversions). Wegatsed that one way to bridge the gap betweenscgke, low

resolution datasets and the fractal (i.e., rsdtle) nature of geological systems, was to develop a scale consistent{sample
based) methodology for data collection, and translate the knowledge into physical parameters, which are readily scalable. The
ot come of which is |l ed to the -wnerdlodicaigeochemicastructurdimetadorpatic nt egr at ed,
characterisation dataset, across over twenty deposits from the most geologically complex mineral systems on Earth.

This studypresenrs data,from this innovative districtwide, scaleintegrated, geoscience data project, which analyse2D1

samples from 2gnineraldeposits and prospects across the Cloncurry District, Queensland. Ten different analytical techniques,
including density, magnetic susceptibility, remanent magnetisation, anisotropy of magnetic susceptibility, radiometrics,
conductivity, modal mineralogyom SEM-TIMA, geochemistry, and shoevtave infrared (SWIR) hyperspectral data resulted

in 561 columns of scalmtegrated data (+2151 columns of SWIR). All data were collected on 2x2.5 cm sized sample cylinders,

a scale at which the spatial coupling of techniquess assuredThese data arentegrated by design, eliminating the need to
downscale coarser measurements using assumptions, inferences, inversions, and interpolations. This scale consistent approach
is critical to quantitative characterisation of mineral systems and has numerous applications to mineral exploration, such as
linking alteration paragenesis with structural controls and petrophysical zonation.

Whilst thedatabase is not 100% compléte., it is missing data for some samplégsis, to our knowledgethe most complete

dataset of its kindlt is a unique datasethich paves the way for a completely different approach to mineral exploration, to
understanding mineral systems anddoancing the use of data analytics in the geoscieBee team has extractstynificant

value oubf this new integrated dases demonstrated lilge examples contained herein. Bigt haveonly scratched the surface

on the potentiahpplicationf thisapproachand there is much to be revealed by the wider geoscience comnitimgydata
associated imagg, modelling,and insightsprovide anoptimal platform for further studie®y providing comprehensive
charactesation ofthe deposits, thefootprints anchost rockslt describes anineralsystemat the sample scale

This project highlightshe need to think carefully about hogeosciencelata is collected, and hosollection and processing
impactupon automateéhterpretation.The consistency ahe scalgresolutionand depth of investigatioaf input dataare
paramount anghould be carefully consideré@u order tobest capture geosciendatathat is meaningful to data analytick

is crucial to recognise that very few of the datasets ulilisegeoscience (especially mineral exploratiarg truly spatially

coincident truly quantitative (at all scales) oompatible(in terms of describing identical volume3)p make big data work
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in geoscienceshanging how we approach the dai#i lead to improved outputs fromiataanalytics, rather than the analytics
themselvesData must first be integrable to be integrated.

Ultimately,the most important aspedf data integratiomill alwaysbetied to people. The integration of ideas and the linking
of domain expertise is critical @lign the mineral vectors provided by different technig{fégure 2829). Getting domain
experts together in the fieldore shed, laboratory and conference rasuritical todevelopingimproved methodologies for
unlocking mineral potential anchaximising the utility of data analytic®/e hope this publication providesplatform for
innovative researcimto this uniqueand complexmineralsystem ands a catalyst foadoption of tfis approachacross mineral
districts globally.
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and is-shown-in-purple-Note thatthe bedy-is-3B;continue east into theunderground minewing-underground-in-the-deepest-parts-of
the pitinthe ENE.,

59




[ Formatted: Centered
/

[

545

60



1

550

A |

Footwall |
(Magnetite) STA239-241
STA242-243 ™
STA244
STA245-250 \
STA251-255 ™
STA255/256
STA257/258 *
STA259-260

Reduced _—;——*
S5TA236-238 °,

STARRA-276
ORE BODY

viewed from the south
looking horozontally north

STQ1099W1

00-201
Oxidised Core
3 Near Surface
(Hematite)

Reduced Core

STARRA-276 (underground)

Reduced
Hanging Wall

/ 8T
Al (Magnetite)

at depth
(Magnetite)

B

Background

Distal Proximal Ore Zone Proximal Distal

Background

Figure 89: A. 3D view of GoogleEarti™ imagery draped on a DEM over an ironstone ridge cropping out between Starfa57 and
Starra-276. The majority of surface samples wereilicified exidised-{i-eshHematite-dominant} ironstoneswhich-we-will-usel to

examine the relationships between redox and mineral zonation along strikesi

. B. Underground 3D view of

ikesing TIMA-and pXRF
Starra-276,_and the location of samplesThe turquoise body is a 0.75% equivalent copper grade shelinderground sampling

61



provides excellent east to west andurface to depth coverage across the Starra system andan be used to understandhe
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1

Figure 12: Schematicillustrating the concept of integration-by-design the range of techniguesisedand data outputs.
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Figure 814: Plots ofting density vsmagnetic susceptibilitydata are a common method for differentiatingthe abundances of major
ore forming minerals, e.g., hematite, magnetite and pyrrhotiteproviding knowledge that can be used to constrain geophysical
inversions, but also insights into thechemical factors controlling mineralisation, such as redoxAustin, 2021b,c). The first three

590 letter of the labels correspond to deposit codes, and the remainder is a lithological descriptiGigure-Modified from Austin, 2021a.
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Figure 15: Plot of Magnetic Susceptibility vs density for a selection of host rocks and distal alteration assemblages from the

Cloncurry district, shading indicates appropriate ranges forsomecommon lithological classesThe first three letter of the labek
correspond to deposit codesand theremainder is a lithological description Modified from Austin, 2021a.
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Figure 915: Koenigsberger ratio {3:)—plotted relative to density is one tool Petrophysicists uséo characterise the dominant
magnetic minerals within deposits andtheir footprints. Fe oxides and sulphides suchs hematite magnetite and monoclinic
pyrrhotite all have characteristic petrophysical propertieswhich provide information about the chemical conditions leading to

600 mineralisation (e.g, redox and or pH) The first three letter of the labels correspond to deposit codes, and the remainder is a
lithological description. Figure-Modified from Austin, 202%.
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Figure 1016: A plot of U%K sorted from high i to- low suggestghat U anomalism is associated with characteristic mineralogical

properties.
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(B) Sample scale (C) Micro computed tomography
Sample ART16C

(A) Grain scale
’ - Isotropic
,}‘ (random)
<7

+ Deformation Anisotropic
(Fabric)

K3

Figure 1117 (A) Anisotropy of magnetic susceptibilityat the grain scale corresponds to the preferred crystallographic axes af
magnetic grain referred to as K1which represents thelong axis of the grain, and the vector of maximunsusceptibility), K2 (the
intermediate), and K3 (the short axig. (B) Within a rock the alignment of grains determines whether that rock is isotropic or
anisotropic. Isotropic rocks generally have randomly oriented grain, which collectively have no preferred alignmentwhereas in
anisotropic rocks the grains are preferentially aligned(C) Grain alignment, which corresponds to the measured AMS fabric can be
mapped inusing micro-computed tomography(from Austin et al., 2016).
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| Figure 1218. AMS data for samples from theHanging Wall Shear Zone Ernest Henry deposit A) Stereonet in which the three AMS
tensors are plotted for each specimenB) Summary of the structural information derived from the AMS data.; C) Plot of P
1615 (anisotropy factor (K1/K3) vs magnetic susceptibility D) Plot of L (lineation) vs F (foliation). From Austin et al., 202b.
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Pyrrhotite
Calcite
Biotite
Quartz

Figure 2920: One of the more interesting TIMA images sample CANOO3 is a micrebreccia from Canteen prospect, with sodic

altered clasts in a matrix of monoclinic (magnetic) pyrrhotite and calcite. The matrix displays classic Durchbewegung textare
which result from ductile flow in pyrrhotite which mills and r otates thebrecciaclasts.
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| Figure 2021: Mineral phase panorama from sample EHM006, Field D06, highlighting the mineral classification library at the pixel
scale and a) Xray spectra from albite in the sample and b) Xray spectra from K-feldspar in the sample. These minerals are
constrained notonly by their key elemental expression but elements that set them apart from similar phases, i.e. albite will not only
be constrained by O, Na, Al and Si, but by Ca and K, to differentiate from more calcic feldspars and from-feldspar along with
1625 other elanents where overlaps may occur.
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Figure 2122: Mineral phase panorama from sample EHM248, Field 103 (1) and P05 (2), highlighting spectra from potentially
competing mineral phases such as scapolite and andesine and alteration mineral muscovite. While theyspectra from scapolite

in 1a) is similar to the andesine spectra in 2a) it is able to be distinguished by adding a strict CI constraint into both mineral
classifications. 1b) The endmember composition of muscovite does not contain any Fe or Mg; however, it is a common impunity i
white micas, therefore the muscovite classification has been edited to allow a small amount of Fe and Mg. After a specified, |
increases in Mg or Fe (and a decrease in Al and increase in Si) would see the phase classified as phengitic muscovite.
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Figure 1322: ASD spectra of sample EHM047B before and after polishg; note the decrease in overall reflectance (VS albedo) in
the polished sample from a max reflectance of 0.3 tod®23-132as well as the negligible change in thgualitative TSA mineralogy

outputs
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| Figure 1423: ASD spectra (left) and corresponding user TSA outputs and TSA modelled spectra (colored) overlain on the sample
spectrum (black) for the SWIR spectral region (right) for three samples (EHM022, EHM026, EHMO025). The TSA modelled spectra
are coloured by erra with the top sample (EHM022) having the lowest error. TIMA mineralogy results are provided for comparison

1645 as well as the output of the 2250D base scalars which approximates the abundance of chlorite (and biotite) and provides andved
proxy for chlorite abundance than the TSA results.
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| Figure 2425: Schematics for derivation of the batch system 2200D scalar and the batch user White_Mica_Smectite_Abundance
scalar, both of which probe the 2200 nm ADH spectral absorption feature.

1650

80



Hyperspectral
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1655 Figure 1525 Venn diagram illustrating how different techniques integrate to produce scale consistent mineral systems exploration
and targeting tools. Mineralogy, at the centre is the key link to all other techniques and tools and linking with the majoegscience
fields. The inner areas or overlap are tools and observations we use to link mineralogy to other areas of geoscienceoiitez areas
of overlap are primarily where different areas of geoscience can be integrated to provide insights into the key mineral syste
characteristics e.g., the five questions (Walshe, et al., 2005).
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Mag Susc + Portable Gamma-Ray
Conductivity Spectrometer
meter (radiometrics)

Portable XRF Portable ASD
(geochemistry) (hyperspectral)

| Figure 1626: Examples of Coreshed tools that can be used for mineral system characterisation and targeting:portable X-ray
fluorescenceanalyser (pXRF), portable reflectance spectrometers (ASD), magnetic susceptibility and conductivity meterand
1665 gammaray spectrometer
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Figure 1727: UMAP projection of all samples from all deposits (using only the petrophysical, mineralogical and hyperspectral
properties), highlighting three main endmembers, and major intermediate host lithologies. Note that as the projection is deped
from a network representation ofsimilarities between samples, samples plotting intermediate between othidentifiable groups do
not necessarily exhibit precisely intermediate character (as could be concluded if plotting the original features), and ratkieey have
similarities to both groups. However, in some cases the projection has indeed highlighted some key geolbfgatures which can be
related to the projection axes (x, y, z)rigure from Williams, et al., 202.
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