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Abstract. Recent decades have seen an exponential rise in the application of machine InageibgcienceHowever,
fundamentadifferences distinguish geoscience data from most other data types. Geoscience dathgatalgrenulti-
dimensionalandcontainl1-D (drillholes), 2D (mapsor crosssections), and-B 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 dignensionalit
resolution, and precision of ealgdyer within a geoscienaatasetranslats to limitations in spatiality, scale and uncertainty

of resulting interpretations. Historically, geoscience datasets were overlaid cartographicétigprporaé subjective,
experiencedriven knowledge, and variances in scalejresolution.These nuances and limitations that underpin the reliability

of automated interpretation are well understood by geoscietttistsrely appropriately transferred to datdaence For true
integration of geoscience datich issues cannot be overlooked without consequence. To apply data analytics to complex
geoscience datge.g., hydrothermal mineral systengfjectively, methodlogiesthat characteristhe systenguantitatively

using collocated analysest,a common scakhould besought This paper providesesearch and exploration insiglfitsm an
innovative districtwide, scaleintegrated, geoscience data project, which analysg@Disamples from 2Bineraldeposits

and prospects across tldoncurry District, Queenslandustralia Ten different analytical techniques, including density,
magnetic susceptibility, remanent magnetisation, anisotropy of magnetic susceptibility, radiometrics, condwetinning
electron microscopy (SEM)ased automated mineralggeochemistry, and shentave infrared (SWIR) hyperspectral data

with 561 columns of scalmtegrated data (+2151 columns of SWIR). All data were collected om 2 2.5 cm sample
cylinders a scale at which theonfidence in coupling of data frorachniquegan be highThese dataareintegrated by design,

to eliminak the need talownscale coarser measuremergsassumptions, inferences, inversions, and interpolations. This
scaleconsistent approach is critical tuantitative 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 decadbéskis a new wave of statistical
application to data analytics (Biamonte et al., 2017), with machine learning steadily gaining popularity since thedurn of th
millennium (Figure 1), proving effective for many applications (e.g., retail, finance). Not surpyidinig new enthusiasm
has spread to dateeavy fields of scienceyhich hadedto an exponential increase in the adaptation of machine learning to
the analys of geoscience data sinca 2010 (Figure 1)However, there are fundamental differences that distinguish
geoscience data from most other data types to which malel@ingéng methods are commonly applied.

Geoscience datasets have highly variable precmmiresolution,which drastically effects theesolution at which datasets
can be confidently scaled and correlat€goscience data agdso intrinsically multiscale are usedat a range of scales
Geoscience dataremultidimensional comprising a range df, 2and 3 dimasional productsthat are typically transformed
and collocatedo acommon 2D (i.e., map basedor 3-D (i.e., model basedjameworkto facilitate interrogaton, integraton

ard application(Figure 2 3). Remote sensingand geophysics provide information aboud wide range of crustaldepthsfrom
surface imagery to near surface (e.g.,EM, magnetickanddeep crustal imaging (e.gMT, gravity).

A major application of geoscience datanmeral exploratiopwhich utilisesmultiple techniques across a range of resolutions,
spatial distributions, depth sensitivities and precistongector towardmineralisation narrowing the search spafrem the
terrane to deposit scaleBxploration isguided bygeological knowledgeranging fromassumptionge.g.,generic deposit
characteristicspo qualitativeinterpretationsnd harddata During theearly stages of exploratiptheintegration of that data

is largely qualitative, mapased(2-D), and incorporates multiple scalef data The approach is tried and tested, is often
effective and isappropriategiven that nature of the data utiliseldowever,it is primarily qualitative andcanoverlooksome

of the intrinsic properties ahe data, includingparsityand ther multi- scale,-resolution and-dimensionalnature True
integrationof geoscience datge.g.,using modern data aryaics such as machine learningannot overlook these issues
without consequencéccurate scahg of multi-resolution anddimensionatlatacan be achieved using geophysics, provided
scale consistent collocatedore body knowledges available.Such quantitative knowledge of mineral systeatlows
conversion of mineral system processes into scalpbdperties which constrain geophysical modelgcilitate true
guantitativeintegration andunderpinpredictivemineral discovery

Here we present (to our knowl ed g-wijle, scateéntegraied,caldcated fgeoscerice p u

dataset. It incorporates 2712 columns of data (NB. >2000 of these are hyperspectral data), from 10 different techniques, an
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includes detailed petrophysical data, such as density, magnetic susceptibility, remanent magnetisation, magnetic fabric
(AMS), radiometrics, and conductivity. It contains comprehensive mineralogy and mineral texture and alteration information
based on TIM\-SEM scans. Is also contains comprehensive geochemistry (from both portable XRF analyses and analyses o
powders) and hyperspectral data. It contains information for 1,590 samples (many with three specimen each), extracted fror
23 deposits and prospects: Altia, Artemis, Brumby, Barbara, Cameron River, Cannington, Canteen, Cormorant, E1 North,
Eloise, Ernest Henry, Great Australia, Kalman, Kulthor, Little Eva, Maronan, Merlin, Monakoff, Mt Colin, Osborne, Starra
276, SWAN/Domain 8 and Trekelano.

This dataset allows all the major techniques used in mineral exploattmlepositharacterisatiorto be correlated and
contrasted at the same sdayeproviding quantitative, integrated insights into the processes that control geophysical signatures
and better inforimg our understanding of the relationships between alteration and struthisedatasets integrated by

designj s fAcompl ex 0 dantoa (Anbaingyd cdoaltuamn(smany r o ws )canemabldampre i f wu
effective translation of geochemical, structural, and geological processghysical parametemnd potentiallyhelp make

big data tangible in thenineral resources sectdt canhelp shift the current paradigm in mineral exploration (i.e., using a
mixture of qualitative and quantitative data at different scales), toward the fully quantitatives@mtsiktent datasetisat can

enable future mineral system space. We hope that this dateifidead to new discoveries that are so vital to the economy of

the Mount Isa region, Australia, and furthermore hope it provides the impetus and inspiratiethfioking the role of data

in the outcomeof data analytics.

2 Background

2.1 Geoscience Data

Geoscience datasets have highly variable precision across different dantypeals, which drastically effedhe resolution

at whichdatasetgan beconfidentlycorrelated. They arentrinsically multiscale andire commonlycollected andinalysed at

a range oflifferent scalesnimineralexploration(for exampl@ several different scaleseused, intuding theterraneregional,
camp, deposit and stdeposit scaleg.g., drillholes, individuatsample: Figure 2). Scale in this sense may mean resolution
(pixel) size of a 2D imagedraster the voxel size or the interpreted or interpolatdd Bolume(Figure3, 4) butcan also refer

to the volumdrom which an analysis is conducted the areaon which a measuremeri$ made. This varies greatly across
techniques from the km?® to < mn?® scale For examplegeochemicatiata spatially,is simplepoint datarelative to thescale
anddepthcomplexitiesassociatedvith geophysis. Howeverthe volume/areaf thosepoints variesacross several orders of
magnitudegfrom meters tanicrons (um) depending on the method of analy§igjure 4) For example,iemeasured volumes

of various techniques utilisett the deposit scal¢s.g.,1 m compositeassay palaeomagetic plug, singlepoint portable %

ray fluorescencepXRF) measuremenandlaser induced breakdown spectroscopy (D)Bpanll ordes of magnitude (i.e.,
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1x10' variation: Figure % Complexitiesassociated with thecale ofdifferentdatasetsnayrenderdata urintegrableeven if
they are collocated

In addition to these scdleesolution issuegeosciencelataarealsomulti-dimensionalcomprisingl-D information (e.g., drill
holes),2-D information in bottmapand crosssections, and-B data(e.g., grids and voxelfigure3). This multrdimensional
aspect iatypicalin most other spatial dator examplein a demographics dataseted to defin¢he optimal location afiew
services, every piece of information is related to a singtent (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 dataddtany geoscience datasétsg.,ground geochemistjyare indeed comparablejth each
point corresponding to a specific X, Y point on a surface,ramderousvariablesattributel to each point (e.g., Cu, Pb, etc)
Neither dataset has any depth penetration, and the areal coverage ofdtitaare infinitesimal in relation to the area of
investigation (i.e., each point corresponds to a singular point, rather than describing a suBdbantialmeé). Interpreting
simpleX,Y datasets is, not surprisingly, relativelpcomplicatedn regards to dealing with scalend dimensionalitygeven
though one could use any manner of complex analysesaddition ofa 3D datg as is common in many geoscience datasets
(e.g., especially mineral and petroleum exploration date) uncertaintieslated tadepthsensitivitiesof different techniques
adds another level of complexitgnd with it, additionatlatasparsity This complexity of dimensionality interacts variably
with scaleand/orresolutioncomplexitesacross a range dfata types and acquisitionethodologiegFigure3).

Data garsityis a major factor foall types ofgeosciencedatg butspecifically for its applicatiore.g.,in mineral exploration
Sparsitycanbe defined as a function stale resolution and dimensionalityput in practise isnore typicallya function of
logistical factors such ggojectbudget/ workforce andsiteacceswility (e.g., Secton 2). Scale resolution and by association
data parsityareinherentlylinked to mineralexploration strateg{Figure 4a, b). Explorationtypically stars at a terrane scagle
usingregionalscaledatasetge.g.,geophysics and remote sengitmdefine major crustal pathwaygeodynamidriggersand
indicatorsof fertility (Smillie et al., 2017)Successivehhigher resolutiondataseteandor more scalg and depthappropriate
technologiesre utilisedo reduce the search spaagproximately & orders ofmagnitude (Figure4 a, b) to a relativey small
area of perceivedavourability(i.e., campo prospect scalgd-ocussing oéxplorationto thesub-campscaletypically triggers

a shift from low costtypically qualitative predictivemethoalogiesto high cost quantitative direct detection(Figure 4a:
McCuaig et al.2010) such adrilling, assayingandsurface geochemistryhich hopefully defineprospect The switch to
detection methodologiest the camp to prospectscalecoincides with a shifto higher resolutionmulti-scale,multi-modal
andmulti-dimensionabata(Figure 3B)

To define astatisticallyvalid (e.g., JORC compliant) resourcequireshigh resolutionguantitative spatiallyrepresentative
datathatcan be extrapolated/interpolated upward to the depcaieFigure4 b. Hence to get fromthe prospectto deposit
scaleeffectivelyrequiresa switch fram mainly qualitativedo quantitative method&ND a quantum leap (approx. 12 orders of
magnitude) in scale to the drill hole / sample scBksourcesre defined byvorking backwardsrom the drilkscaleto the
deposit scale (Figuré b). A resource can only be provéy improving data volume(sampling more}o the point where

statistical confidenci the upscaling technigue.g.,kriging) is achievedThis resource definition stagiee., the end goalf
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mineral exploratiohrequires the volume sampletboth resource andast§ to be within2 orders of magnitude of the volume
of the resourceBut at all other scales of exploratiathe ratio of sampled rocko area of interest isffectivelyinfinitesimal
For example, the Terrane (or mineralystem) scale that ratisbetweerlx108 (based on 2500 drillholpand1x104 (based
on 1500palaeomag Plugs, as sampled hefdereby attemptingto sample a mineral system holistically sampling rore
will not be effective Samping smarter and betteraddresing the inherentesolutionand dimensionality issuesanddepth

limitationswhentransformingscaling andntegrating datahould be more effective.

2.2 Data Scalingand Translation

A range of approaches have been developetitivesscaling issuefh geographial, geologicaland geophysical dat&or
example, GoogleEartM imagery (e.g., Groger et al., 2005) use various functions to represent mapsDahdil@ings
differently depending on the scale at which the user is zoomed in. This requires the database to have different resolutiol
imagery and different scaled models available that can be loaded on,taedltherefore the approach is mgltale 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 usedifor dgwn
scaling of geoscience data, including fractal, geostatistical, general statistical, and ffearhing methodologies, Bayesian

, process and probabilitypased apprches, and resampling / interpolation (Je, et al., 2019).

Interpolation iscommonlyused to simultaneoushe-scak raw datde.g., geophysical surveyahdalsotranslatethe spatial
dimensionality of that datge.g.,from a grid of pointsor series ofiines toa surface rastej. In many cases, the resolution of
the input datavaries substantiallin the X- and Y- dimensionse.g., for aeromagnetic da&long line resolutiof ~8m and
across line resolution of 200 are common survespecificationsin mostcasesriterpolaton of sirveydatatherefore involve
down samplingalong lines(i.e., 5 x 8 m) and upscaling across linéise., 1/5 x 200mYo prodice a raster of intermediate
resolution A maximum reshution of 40 m can be achieved in this examplaut the grid resolution, anmethodology for
interpolation (e.g., inverse dista® minimum curvaturekriging) are user choice§Such methodsre limited to a degree by
the scale of the dat@re scale dependantbut also involve human choicemethereforeinherently norunique Although
scaled data products are commonly utilised and integrated asthagtaredata productsensu strictoScaleddata products,
interpolations and/or interpretations averthelessrucial intermediary products that allow disparate sourcestrabgated

to a common spatial frameworfe.g., mapsmodel$, analysed,ntegratedand in somecasa (e.g., drilling, geophysick
translatedand/or invertedo 3-D dataproducts

Scaling and translation of mubicale, multdimensional datasets into[3 can be achieved using a range of different
techniques in two major categoriggedstatistial and geghysial methoalogies A range of geostatistical techniquase
utilised in geoscienceto predict variabledased orspatial datasetddumakorDupey and Arya, 2021) Inverse distance
weighting (IDW) and krigingare commonhappliedto mineral resource estimatido upscale point data te3 volumeswith

calculatedore grade predictiolA common methodologused to translatpotential field geophysicsto 3-D is to adopt a

5



voxel framework and attribute petrophysical properties to voxels based on inversion gétphysical fielddata. Whilst
convenient, such approaches can easily overlook issues ofadalepttof investigation For examplegravity and magnetics
165 datacan be jointly invertedising grid datalespite ehundredfold difference in their resolutiodf the resolution and depth
sensitivities of the@ata used to derive 3 volumes of the suburfacevary substantiallyvith our scale of investigation, so too
should modelsUse of wxel inversionsn integrationalsorequiresthe user tmddresgheinherentissue 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 mqdaisgeophysically based on
170 petrophysical constrain{@ustin et al., 2023)Neitherapproachs optimal(i.e., probabilityd o e sxeed tithonour physics
whereaspetrophysial constraints are limited by sampljndut ultimately geophysical models need to honour physits
probability. We therefore neeprobabilistic modelshat can honour peophysical constraints, but more importantly we must

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

2.3 Data Integration

175 Historically, geoscience datasets have been gathered incremenfédiy over extendedimescalesby different peoplein
different institutions,for different purposesGeological survey and companies often have set methodologies for data
collection,but theseevolve sporadicallyandthere are no universally accepted ways of collecinglysingor even reporting
geoscience datdraditionally, geoscience dataould be overlai in a manner more similar to cartography than true data
integration.Such magbasedntegrationis more art than sciencbut nevertheless providegjaalitative means assimilating

180 multiple datasets, with different scales, precision, deptmalysisto a common frameworlkGeaoscientistsundertaking this
form of integration, mayccount for some of the differences in scale r@solution on the fly, but beyond thaanoverlook
that eachlayer providesinformation at different scalesolution often with variable deptts of investigationand large
variations n sparsity In this cartographic approach to data integration, overlooking the-sestdutionrdimensionality issue
may not substantially affect the outcome.

185 This traditionalcartographi@approachs utilised by a rangef modern, datdbased methodologider exploration including
various methods ahineral prospectivity mapping; MPMhich utiliseGIS-based applicatiorts analy® and integratenulti-
source and mulscale exploration dafg ousefi,et al., 2021)Whilst effective at regional to camp scal#?M hasstruggled
to deal effectively withcomplex, multiscale data used tocharacteriseore-forming processesPprwal and Kreuzer,
2010 Yousefi et al., 2010 Therefore, inproved characterisation ofe-forming processes at multiple scales essential to

190 improving the effectiversss of MPM (Kreuzer et al., 2020vousefi et al., 2021 andfurthermorenovel 3-D approaches to
data integratioife.g., Li et al,, 2024; Deng et al2022;Xiang, et al., 2020)

Volumetrically, once geoscience data are scaled and translated to make predictionsiaigeol@®yy, it must be accepted

that there are far fewer knowns than unknowns. Much of our understanding is interpretation, not fact, and consequently, the
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uncertainty associated with each dataset, in the context of a ldgeoRime of rocks (e.g., the Cloncurry District) is very

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

Themany nuances, limitationand pitfalls associated with most types of geosmeatasignificantly affect the outcomes of

modern datalriven approaches. In many castheseissuesare well understood by domain experts, suthknowledge is

often not appropriately transferred to dateertists Some of the main issu@sclude:

1. Understandinghe effects of sample size, resoluti@md dimensionality of different types of datad the limitations
thereof.

2. Recognition of the differences betwesarious geophysial techniques imaging, and poinsample analysigi.e.,
differences in intrinsiscale resolution andmplicationsfor depthof investigation.

3. Realisation that differences in the way datascalede.qg., simple subjective interpretation, hand contouring, interpolation,
and inversiohimpact the precision of the resultant datasets.

4. Knowing that some datasets are partiatlynpatiblen some instances (e.g., magnetics and gra¥ign overlap), but most

datasets are ndgheyoftendescribe unrelated properties different scales and/or different crustal levels (e.g., geophysics).

24 Integration by design

We mustwork ata range of scalés geosciences, but the issues highlighted above make holistic approaches to mineral system
knowledgeproblematic particularly at larger scaleS.herefore, rather than starting at the large scale, i.e., starting with a large
area and attempting to force disparate datasets to describe concise voxels (3D pixels) iniameydbke advantageous
characterisenineral systema scalave can be confident of the coupling of the datasets (i.e., at thestakd). The integrated
characterisatiorapproachbuilds on traditional approachesise inhard rock p@ophysics(e.g., Mutton and Shaw 1979
Brescianini et al., 1992Vebb and Rowston, 199BjshopandEmerson 1999 Austin and Blenkinsop, 200&wustin et al.,

2013 by linking properties t@uantitativegeological information. Similampproachethatcollectscale constrainedpllocated
datasetsareincreasingly being adopteglobally (e.g., Enkin etal., 2016 202Q Dentith et al., 2020L.evaniemiand Hokka,

2022) Although working at the sample scatey not allow extrapolaibn acrossarge areas ovolumes mathematicallyt
doesprovide quantitative collocated characterisation o& suitemeasurablegarametersaand at a consistenscale Those
measurements are on a range of different volumes(ranging betweemalaeomagnetic plugs, and pXRpots Figure 4c).
However, using a systemati@approache.g., Section 4.1) we can ensursamples are both homogeneouand representatie of

the mineral system That consistency of approach circumvens the potential volumeissues betweewarious datastreams to a

large degreeCloncurry METAL (Austin et al., 2024) ighereforea truly integrated datasewhich does not require
assumptions, inferences, inversions, and interpolaficos to integration.

Scale integrated, collocatethtasetcan be utilisedwith confidence,for a variety of statisticahnd machine learning
approachesto understand theineral system holistically The outcomes from scale constrained analysss be utilisedo

make better use of a suiteafmpatiblebut spatially distinctechniques at expanded scales, where their own specific nuances

of scale, resolution and dimensionalitan be accommodatethore effectively. For example, if a particular pattern that
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suggests mineralisation is related to a specific radiometric and magnetic signature, we can target such patternsdifithose spe
regionaldatasetsAs aby-product this approach provislammunition to makeetter informediecisionsaboutwhich datasets
arecrucial and where individual dataset should be improved in terms of covenadjeyresolution and/or depth penetration
and/or precision

3 Study Area

The Cloncurry District (Figur®) is a richly endowed regioim northwestQueersland, Australia, that contaires range of

mineral systemswhich produced depositsf various commoditiesncluding base metals, precious metals, and rare earth
elements. It has undergone a protracted structural and metasomatic histofogegand Austin, 2008; Rubenach, 2013).

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

The Cloncurry district is very diverse in terms of thipes andstyles of mineralisation present. Itristableas an iron oxide
coppergold (IOCG) district, but in many ways, there are Bmmsustricto |IOCG deposits present (e.grnest Henry, SWAN,

E1 North) based on earliest classificatiofgsg., Hitzman, et al., 1992)Many deposits could be referred to as |0@kated

(e.g., Monakoff, Starra, Osborne), but Broken Hill Type (BHT), skarn, and volcanogenic massive sulphidegypéd&e

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 depositgrisecomponent®f iron-apatite
(Kiruna-style), magnetitelominant I0CG, pyrrhotitelominant iron sulphide coppegold (ISCG), and hematigominant

IOCG assemblage3hereis alsoanarray of skarrike assemblages (Williams and Heinemann, 1993; Williams and Baker,
1995; Roache, T. J., et al., 2005). These include dolemmignetitechalcopyrite (e.g., Sta#na76; Patterson et al., 2016), to
calcite-pyrrhotite sphaleritechalcopyriteassemblagege.g., Artemis: Austin et al., 2016a&Knorsch et al., 2020 calcite
pyrrhotite chalcopyriteassemblagege.g., Canteen; Austin et al., 2016b), caleftgrrhotitegalena (Maronan; Austin et al.,
2016c), calcitebaritefluorite-magnetitechalcopyrite (e.g., Monakoff; Austin et al., 2016dligh temperature garnet,
pyroxene and amphibeléch (i.e., noncarbonateYskarnl i kagi€tiesare 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 eflat) 2Qistin and Blenkinsop

(2009) suggested some of these deposits have characteristics whithreigonalwith thosegenerally considered part of

VMS (e.g., MaronanAustin et al., 2016cand/ or IOCG style systems (e.g., Monakoff: Austin et al. 6aD1

Overall,the Cloncurry District is geochemically, structurally, geophysically and metallogenically complex. It has long been
a challenging terrane for explorers, and many, often conflicting interpretations have been generated for the distdct over th
last centuryGeophysical techniquéprimarily aeromagnetisurvey$ were instrumental in tHast major round odliscoveres
including Ernest HenrfWebb and Rowston, 19953psborng Anderson and Logari,992) Canningtor{Walters et al., 2001)
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and Eloise (Brescianini et al., 1992)ut are becomingless fruitful asbullseye targets aracreasingly exhaustednd the
search space becomes deefdt-based wtistical approaches tineral prospectivity mapping (e.dustad et al., 2004,
Ford and Blenkinsop, 2008ustin at Blenkinsop,2009 Cole et al., 2020have have providedomenew targetsbutare often
poorly constrained byjuantitative mineral system characterisatiBoth geophysical andhineral prospectivitymapping
approaches to exploratiomay increasinglybe failing due toadoption ofgeneric deposit mads that misrepresent the

complexityand variabilityof the mineral system

Within theglobal context thedistrict isunparalleledn its diversity of mineralisationstyles related alteratiomssemblages
and associatedeophysical signaturest is lithologically divers, preserves alistinct metamorphicgradent (i.e., upper
amphibolite in the SSE, to lower greenschist in the ndftster and Austin, 2008exhibits complexand heterogenous
deformation and consequentlyariable rheological conditi@across severahineralising stages (Figu). The diversity of
mineralisation styleproducedis primarily a consequence dfieological, metamorphic and structurahomogeneitylt is
challenging tgpigeonhole different styles of mineralisation within thstrict, but perhaps these seemingly disparate mineral
deposits are part of a larger interrelatetheral system. The datasétat presemd here,provides a uniqueopportunity to
examine this complemineralsystem through quantitatiendscaleconsistent means. We believe that this style of dataset is
a prerequisite tathe next paradigm shift in exploration of the Cloncurry Districtand will leadchallenge how weuse data to

explore in this highly compleg i ece of the Earthds crust

4. Sampling Strategy

The aim of this project was to develop a comprehensive sample suite which is representative of the deposits and prospects
theCloncury district (Figure 5), with particular focus on the significant resour¢bs Ernest Henry, Starr@®sborne, SWAN,
Eloise and Cannington deposits. Systematic samplasceritical for maximising exploration insights into timneralsystem
Our ability to sample representativelyas mainly limited by our access to materiand hencelependent on maintaining
relationships with key stakeholders including the Geological Survey of Queenslamdltdratingmining/ exploration
companies.

Ideally, sampling strategwas driven byor at least informed bgompany geologistaith a priori understanding of individual
deposits. Howeveholistic sampling isalways limited by where holes are drilladdwhat core is available for samplinig.
someinstancesjdeal holeswere drilled earlyand were sometimetegradedsia oxidation unlocatablejacked appropriate
orientation datagr wereassayedo the extent thdittle material remaired Drilling is commonlyfocussed on the core of a
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 terranesroducesan additionalbias becausehe availability of fresh
material is a direct function of theompetence of theaterial For example, at Stardifferential weatheringesults in the

compeent silicic ironstondéorming aprominentridge of outcropbut minimal (and highly weathexd) exposures ofiost rocks

9



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

biasesFor examplejn-situ rocks can only be sampled from pit wallhere they are acceskby a haul road, and considered

competent enough to stand undBne core of the system generally coincides with the base of the pit, which of often filled
295 with waterand/or loose materiahaking it inaccessibleand in some casexposed underground workings amihe wall

instability mayrender pés of the pit offlimits.

In sampling for petrophysical properties mestopportunisticutilising whichever sampling approag$will provide the best

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

Several basic criteriahould always be adopteak outlined below

300 4.1.2Zonation

The aim of tharill hole selection andampling was to provide a representative, $calesistentsample suit@cross each
mineral systemSamplingcoveringtheorezone andproximal, medial and distal alteration, through to backgranonuith the
hanging wall to footwallwas conductedor each deposit or prospedthis is relatively straightforward for upright linear
systems with clearly defined feodnd hanging walls such &arra276 (Section 2.2.4). Howevedifferent deposits styles
305 present different challengdBreccia pipege.g., Ernest Henry, SWAN, Brumpl1-North), may beconcentricallyzoned and
Broken Hill Type systems magyomprise compbdy folded, zonedstratiform mineralisation in addition tofault-controlled
replacement.
To adequately capture the mineral systemuiresappropriatecoverageboth acrossand along strikeseveral strategidsave
been adoptedased on the complexity of the deposit andntiagerial available to sample.
310 1. For deposits under cover withwealth of neamine drilling (e.g., Ernest HenryFigure 7 it waspossibleto sample
core to distakonationacross and along strikeriability usingdiamond drill core.
2. In open pit mines with limited drill hole availability (e.g., Osborne: Figglsewe undertook hybrid sampling of

diamond core andpen pitblocks/ palaeomagnetic corés improve areal coverage.

3. In underground minewheredrill holesthroughthe distalfootprint werelimited (E.g., Starre276; Figure 9), we
315 underbok hybrid sampling of diamond core asdrfaceblocks/ palaeomageticcores
4, Depositsmodified by near surface alteration (e.g., St&T8&, EXNorth), also requirecgurface to deptsamplingto

capture possibleverprintingeffects
5. For complex, structurallymetamorphicallyand metasomatically modified deposits witbb obvious alteration

footprint (e.g., Canningtqrrigure 10), waeutilised local geologistto ensureoverage oéll lithologies and ore types

320 4.1.3Sample Spacing

Representativeamplespacing down hole throughoatmineralsystemis critical to ensurea representativeiew of the 3D
volume of the systerns captured in the dataséiut is rarleypossible due to a range of factdrghibiting factors for drillcore

samplinginclude variability in thequality of core(e.g.,due toweathering shearing, crackingunsuitable sample volumes,
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mainly as a result of assayifig.g.,different core sizes and wiffll, ¥2 or ¥ core), and whethérdividual lengths otore
wereoriented.Sample frequencfor surface samplings mainly limited by where fresh rocks crop out, and mine sampling is
mainly limited by the location ahine walls andthersafety factors Furthermorethe exéent ofzonationin mineral deposits
and thé alteration halosary widely, ranging from < 1 meterto kilometresin scale so sampling frequencyvas varied
depending on thsize and complexity of the system locallip capture a representative suite of samdlesomplex and
heterogenoubthologies,sampling frequency was high(e.g.,<1 min mineralised zone), whereasmore homogenous and

distallithologies,sampling frequency was typically redugedg., >10 m)

4.1.4Representtivity

Samples were selected to be representative of the lithology of that part of the hole (i.e., similar to the majority®f 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, thecases obversampling through thaineralisedzonesunder
sampling through thenineralisedzoneswhere nocoreremainedn the tray, anadases whereampls could not be obtained

due to lack of appropriately sized or appropriately oriented core.

4.1.50rientation

Oriented samples awitical for geographic corrections to both anisotropy of magnetic susceptibility (AMS)earahent
magnetisation measurements. In some cases, where holes are drilled at near vertical orientatiosh@alstiba taken in
interpreting AMS and pal aeomagnet i,che drikesolithetogentatidnbecomess e w
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

4.2 Sample Distribution

The data bre preseridwere gathered frorh,590samplestaken from23 mineraldeposits and prospects across the Cloncurry
District, Queenslandsamplingundertakerspanned almost a decade, starting wpitht projects from2011¢ 2014 andhen
undertwo major Queensland Government Fungeojecs; Uncover Cloncurry 20162016, and Cloncurry METAL (2018
2021)

4.2.1 Uncover Cloncurry Samples

The Uncover Cloncurry project collecteelatively fewsamplea perdeposit buprovides a broadoverview of thetrue range
of mineralisationstylespresent irthe Cloncurry Mineral SystenbDeposits and prospect types sampled include Broken Hill
Type (BHT) depositssuch as Altia PXZn-Ag, Artemis ZnCu, Maronan P{Zn-Ag, Iron Oxide CoppefGoldtype, including
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Brumby CuAu, E1 CuAu, Kalman CuAu-Mo, Monakoff CuAu, Trekelano CtAu and related breccia sulphide ores (e.g.,
Merlin Mo-REE), Iron Sulphide Coppézold (ISCG) typeincluding Canteen Géu, Cormorant CtAu, and skarns (e.g.,
Mount Colin).Sampling was undertaken on only one or thi@mond drillholes for many of these deposits and prospects, and
in some cases, the samplimgay not be sufficiently representative. However, many casesa significant number adiamond

drill hole were samplé@l (e.g., Maronan, Brumbygnd in some casédocks and handrilled samples were extractétdm mine

pit walls (e.g.,Monakoff, E1).Information on théocationand geological context of those sampas be&found in the Uncover
Cloncurry reports, e.g., Austin et,g2016 ah), Gazley et a).(2016, 2017 and Patterson et a{2016-b) and/or discussed

further below

4.2.2 Ernest Henry Cu-Au Deposit

Ernest Henry is thenost comprehensively sampled deposit in this datasetsasitiples from ten diamond drill hol@&gure

7). The bulk ofthe holes intersecthe core of the deposit (e.g., EH691, EH550 and EH48HM 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 MMAOOQ3) along strike to the northeast of the deposit. Saoifdimest Henry was completau

four different phases. Initial sampling of EH691 was completed onsite at the Ernest Henrin Mdi®. Phases 4 were
completed as drill holes were made available at the GSQ core facility in Zi/l@eeentand, Australia A summary of the

drill holes sampled is provided in Figureanddetailed descriptiasiof the sampleand the context within th@eposit and its
environs arg@rovided inSchlegel et al(2021, 2022; Austin and McFarlané021) and Austinet al (2021).

4.2 .3 Osborne Cu-Au Deposit

Osbhorne was sampled both fratfiamand drill core andfrom within the open pi{Figure 8).The two sampleddrill holes
(OSHQO0067 and TTNQO364, total 42 samplesgut across thenineralisedzone in the neasurface and towasthe base of

the underground mineral resourceespectively Handdrilled cores and oriented block samp(&8 in total) were collected

from several traverses across key sections of the opgorgitiding excellent coveragef the depositparticularly the lower

and upper ironstone horizoandNumerous samples were also taken outside the mineralised horizons. However, it was not
possible taundertake aepresentativeamplinggrid due toseveralfactors includinggroundinstability (i.e., the large debris

slope in the middle of the minelhich contributed to the lack of samples between the two main ironstone hoftbas
complicating factors included risks associated with working under high/steep pit walls, and restricted access to achas in whi
underground workingsvere exposed. All the saples were accurately surveyed courtesy of Chinova mine survayadr,

further information on samgdand their context within the deposit and its environs are provided in McFarlan€2€ral3.
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4.2 4 Starra-276 Au-Cu Deposit

Starra276 was sampledfrom drill core and at surface and widended as pilot study for collection of surface samples
However, thdocal outcrop is so dominated by highly competent (silicified) heméatitestones that very fesamples could
be obtainedrom the incompetentyeatheedand erodednitsoneither sideThis resulted ir27 handdrilled and block samples
from the surface at Star@v6 (Figureda). Most ofthe samples obtained from the surfaceironstones, cropping out above and
to the north and south of Stai2@6. These were collected to assess akirige geochemical variability in the ironstones, and
for comparison with samples from depth to test the vertical zonation within the system (e.gorduygmr gene enrichment).
The remaining sampleare from threediamond drill holes which form an-B crosssection through the systewith 38
samples from STQ109@ atterson et al., 2016) complimented by a further 61 drill core samples from two scissor holes
(STQ1098 , STQ1099W1) coveringthe foot and hanging wall of trgeposit (Figureb). Whilst onsite, detailed magnetic
susceptibility logs fothe scissoredrill holes were acquired, which can be used for comparisorgetgbhemicadlata.Further

information on sampling and their context within the deposit and its environs are provided in McFarlatgd21.8l

4.2 5 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 representatiteof the sevendifferent styles of mineralisatiofound at
Cannington, i.ethe Kheri, Cuckadoo, Broadlands, Glenholme, Burnham, InveravahNittsdale typesand a representative
selection of the host rocks of the depasiboth the northern and southern zorg&smnples were taken frooutside the system

into the core mineralisation types to assess the proximal to distal footprint of the system. Although there are unesertainties
to the extent of the footprint of the Cannington deposit (many suggestla ataration footprint), weaimedto get a
representative selection of what the local geologists interpret as the footprint, referred to as SHMU (siltiascotéte

shist). Drill hole CAD934which skimsthe periphery of the system from shallow levelbémeth the body, provides an
opportunity to test the extent of the deposit footpkutther information osamplesand their context within the deposit and

its environs are provided in Pearce ef{2021).

4.2.6 SWAN Cu-Au Deposit

The SWANMt-Elliot camp wassampled from 4 drill cores, three from the SWAN system, and one fror&llitt ~900 m
to theeast. MEQ1215(56 samplesyvas drilled into théhangingwall of the SWAN system, dipping to tlseuthwesthrough
the mainorebreccia bodyAdditional holes were selectad generate a representativeNecross section through the SWAN
system intersecting the distal and proximal alteration zones, through the main ore/brecci®bbidgles MEHQO071058
samplesiand MEHQO01113@52 samplesare to the east of MEQ1215 and améssorecholes which cut through the main
breccia body from the east and west respectivdiyQ-95-208 is sampled from ~195 m depth in the Mount Eliahging,
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through a'skarnoid mineralsedzone and intdhe footwall. Further information on sampling and their context within the

deposit and its environs are provided in Stromberg et al., (2021) and PatteabpAGH6.

4.2.7 Eloise Au-Cu Deposit

Eloise was samplegt a 30 m average sample interfrain numeroudrill cores for a total 0f58 samplesSamplingfocussed
onEloise Deeps and three satellite depoSiseral shortintervak from Eloise Deepg&rill holes ED62 and ED§QandMacy
(MAQ3E), Chloe (EN003) and Middle West (EAM13@gresamplel. A long drill hole through the main orebody at Eloise
DeepsED126)wassystematicallysampled The samples selected at each offthe mineralisedbodies are representative of
the main lithologies that host the depasitapturetheir proximal to distal footprintandintersect the various lodeBurther

information on sampling and their context within theposit and its environs are provided in Birchall e(2021).

5 Methods
5.1 Sample Preparation

The samplesvereextracted from surface and mine sampling (Stam@ Osborne, Monakoff, E1) and diamond drill hotes
outlined in sectior, produced arange of different physical samplesequiring differentinitial preparation prior to analyses.,
including
1. 25 mmdiameter coredrilled in situ with a petrepowered rock drill. These samplegre orientedin situ using a
sun compass which is unaffected by extreme local magnetic fields presemyaites. These samples in some cases
need to be rassemblednd gluedbefore being marked witbrientation lines

2. 10-50 cm blocks extracted with cold chisel and hammer from the suofstceops an@penpits. These samplesere

also oriented using a sun compass in the field. The sun compass orientation marks are used to draw azimuth lines o

the blocksurface. The block is thendrilled perpendicular to the orientation surfacginga 25 mm diamondoring
drill. The orientatiormark isthustransferedfrom blocksurface to théop ofthe25 mm core

3. 10-30 cm piece of either %> NQ(48 mm diameter)pr ¥s HQ (63 mm diametercore sampleé from diamonddrill

holes. The orientation method for diamond core differs from the standard palaeomagnetic method, with marks

pointing downward along the base of the hole (Fédll). Therefore, orientations were-nearked to the standard
palaeomagnetic system prior to-dglling and cutting (Figre 11). In this system: Palaeomagnetic Azimuth =
Diamond drill dip azimuth 9 Q Bal a e o ma g n e +DOiamond drilb plurge @G @rill core sanples were
markedin the standard palaeomagnetic methas used to drill down the axis of each sanplproduce 25 mm
COres.

All samples weresawn into 22 mm long segments referred tpalsomagnetic plugs d@rr o u(Rigusedl, 12). Cylinders

of this dimensiorprovidea good approximation of a dipole magnetic source (Riisager & Abrahamsen, 2003). At least three

rounds were made from each sample where possible, to provide statistically reasonable mean values for the petrophysic
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measurements. Preparing three samples also allowed for one sample to be used for geochemistry and mineralogy and one
Alternating Field Demagnetisation (AFD), with one reservedftberanaly®s. Samples were labell@dth unique specimen
codesandre-marked up with orientation lines (Figut#), to enable measurements of vector informatione.g., palaesomagnetic
vectors and magnetic fabrics (i.e., anisotropy of magnetic susceptibility; AM@nge ofanalyticaltechniquesillustrated

in Figure12 and outlined belowywereundertakeron up to 3 specimens peample as otlined in Section5.2

5.2 Technigues (methods, instrumentationgata processing and pitfalls)
5.2.1Density Measurements

The density of an object defined as mass per unit volunimyt it is commonlyassumed to bthe weight in air of a unit
volume of an object at a specific temperat{ii@ghnsorand Olhoeft, 2017. Petrophysical studigsoutinely considersample
weightto beequivalent to massue to the minimadliscrepancyfiDensityo mayrefer to either bulkiry bulk densityin which
the solid materiadnd pore space are consideread/ or saturated bulk densitgrain density in which only the volume of
solid material is considered. Bulk density, especially of sedimentary rocks,sigrigantlywith fluid content (water) within
pore spaceg§lohnson and Olhoeft, 201 Hut in most cases crystalline igneous, metamorphic, and metasomatic(itecks
almost all rocksobserved in this study) preserve sufficiently low porosity, that the dry and saturatedemsikies are
effectivelyequivalen(i.e., within0.001 gcm®). Densitesshould bestatedn SI units (kg/m) butaremore commonlyeported
as g/crd (threeorders of magnitude smal)emainly for ease of use

Specific gravity as measured in studis athe densityrelative to a standardubstancecommonly water)Based on the
Archimedes principle&Specific Gravity(SG)is calculated as thetio of the weighfmassof arock samplén air at a stated
temperature to the weighmass in air of a unin avolumeof gasfree distilled water at a stated temperat{d@hnson and
Olhoeft, 2017)In this study SG values werealculaedbased onveightmeasurements made using a Mettler Toledo MS204TS
analytical balancewhich is designedpecifically for making SG measurements of #irgl (Figure 13). An earlierversion of
the same instrumethe Mettler Toledo AG204vasutilisedfor some legacy samplésee column U in the database).
Samples were initially weighed in air and then subsequently weighed in distilled water.

The SGand volume of each sample was calculated using the follosjngtions:
Eq.(1) © — Eq.2) o -

Where } = density, A = sample weight in air, B = sampl e
SGvaluesfor up to three specimemersample (columns-R in the databas&yere usedo derivemeanSG values (column

S)and an associated standard deviation (columAhough SG is dimensionless, being a ratio of two densities, we report it
here in density unitggcnT® becaus¢he denoriator (the density of water) is effectively a constant (approximately 1-§cm

and therefore the SG is effectively equivalent to bulk density

Volume results determinedsing the Archimedes principleare utilised to makevolume correctiongo various other

petrophysical parameters, specifically magnetic susceptibility and NRM measurements.
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5.2.2Magnetic Susceptibility Measurements

Magnetic Susceptibility measurements are the most common type of petrophysical quantity collected in mineral exploration,
and along with measurements of remaneragnetisation allow determination of thesitu magnetisation of different
lithologies and alteration styles, that can be used to condtrairard modelling and inversionMagnetic susceptibility
measurements were made using an Agico MiEKKappabridge magnetometer. However, for legacy samples, other
instruments may have been utilised (see coldtA in the database).

The MFK1 Kappabridge apparatus consists of the-BiglkJnit, Control Unit and Computer, and represents a precision fully
automatic inductivity bridge. It automatically zeros between readings and automatic compensates for the thermal drift of the
bridge andautomatically switches to appropriate range. The measuring coils are designedrae6tdompensated solenoids

with a high field homogeneity. The instrument is based on r@ilFctronic components, with two microprocessors controlling

all functions of he Kappabridge, and is fully controlled by an external laptop computer. The output signal freup pimis

is amplified, filtered and digitalized, and raw data are transferred directly to the computer in the form of .RAN files and o
.AMS files, which ar e na'#¥and>50coftvasetpackafjies.r AGlI CO6s Ani sof
Bulk susceptibility measurements were taken with the Bélength set at 200 A/m to maximise the dynamic range of the
sensor. The MFKZA calculates magnetic susceptibility values based on a nominal sample volume ofdrftics such, the

results were later corrected using volumes calculated during density measurements.

Users should be aware thiatmagnetiterich rocks with susceptibilities greater than 0.1(&peciallyabove 1 Slthe self-
demagnetisation effecbnsiderably suppressthe intrinsic magneticsusceptibility of a rocKe.g., Austin et al., 208. The
measureanagnetic susceptibilitiegported in Austin et a{2024) incorporateéboththe intrinsic susceptibility and suppression

due to the selflemagnesing field However,our measurements are also limited by the measurement range of khda MF
instrumenwhich carrealistically only measure 10 érsamples up to susceptibilitiesapprox.2.25 Sl.Measurements dhe
mostmagnetiterich andbr mushketovitaich ironstonegwhich may haveéntrinsic susceptibilities of 20 S Clark, 1988)

are likelybeyond the detection limitsf theinstrument ananay therefore beupressed to some degree

Magneticsusceptibility measurements were made on up to three specimens for each sample (cofumtise\database) to

derive a mean magnetic susceptibility value (column Y) for the sample and an associated standard deviation (column Z)
Magnetic susceptibilitys commonlyplotted relative to densitio compare the properties of different deposit tygred their
alterationhaloesA linear plot is usetierefor ore deposits mainly because it provides a clear indication of the retetiyetic

mineral contergrelative to a linear magnetite trend (Figure.1Henkel plot (logarithm of magnetic susceptibility against
density Enkin et al., 202Dis used to better differentiate moneakly magnetic samples from the alteration footp(Figure

15). The data correlate Wevith similar studiese.g., the Big BealOCG depositgEnkin et al., 2016)with IOCG deposits
(e.g.,Ernest Henry and SWANlotting just above the QuarZeldsparCalcite + Magnetite line of Enkin et al. (2020)
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5.2.3 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.énduced + remanent) magnetization of the prospect. Where magnetised rocks have a high
Koenigsberger ratio (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
magnetisatin.

At least two rounds from each sample underwent natural remanent magnetisation (NRM) measurements. The process requir
the input of the sample orientation data to correct the measured magnetisation direction to geographic coordinates. For th
Cloncurry METAL project, all samples were measured using an AGIGO gitnner magnetometer. However, many of the
legacy samples which are included in the Cloncurry METAL databasstin et al., 2@4) have been measured on a 2G
Enterprises 755R thresxis cryogenic magnetometandbr a custormade CSIRO threaxis spinner fluxgate magnetometer.

The JR6 spinner magnet omet er is the worl doébs mo st sensi ti
magnetization of rocks based on classical {omgenic) principle and is the standard for palaeomagnetism -wwiotel

(AGICO, 2021). It functions by rotating the rock specimen at a constant angular speed inside-the Biikinside a pair of

coils. An alternating current (AC) voltage is induced in the coils whose amplitude and phase depend on the magnitude anc
direction of the remanent magnetization (RM) vector of the 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
perpendiculato the axis of rotation. The J&A 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 b
a PC notebook or desktop and ttedaarei nt er pr et ed using AGI CO6s Rema softwar
The 2G cryogenic magnetometer uses three supercondugetarguminterferencedevices (SQUIDS) to measure the three
components of the magnetic field with magnetic dipole moment noise of less than'dA/rh0 Unfortunately, this system

does not have the dynamic range necessary to measure strongly magnetised specimens. Strongly magnetised specime
therefore had to be measured on thax® spinner magnetometer. Theads spinner utilises a fluxgate magnetometer
positioned adjacent to the sample spinning mechanism. The results of the NRM measurements yielded a magnitude
declination, and inclinationf the magnetisation direction. The data extracted from the 2G and custom spinner magnetometers
is comprised of simple ASCII file which require substantigfomnatting before interpretation using Pmag software developed

by Phil Schmid{CSIRO) RemanenimagnetisatiomndKoenigsberger ratiarecommonly plotted relative to densitiyigure

16) andor magneticsusceptibilityto characterise the dominantagnetic mineralge.g., Hematite, magnetite and pyrrhotite)

within depositandtheir footprintswhich generally form under different redognditions
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5.2.4 Conductivity

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

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-tmesaing minerals, especially chalcopyrite and galena.
Conductivity measurements were carried out up to three rounds per sample-28 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 susceptility measurements but is prone to providing ambiguous results. A custata holder was utilised to
counter ambiguity caused by the operator. This ensured the measurements always had the flat end of the round centred on t
sensor. The results were viewed directly on the instruieptay andmported into theaccompanying GeoView program.
Subsequently, they were exported as discrete records in .CSV format, which were collated for the database by .BAT script an
then crosschecked against a measurement ldgers of this data should be awénat electricaresistivityand conductivity
measurements are highly scadlependentFitzpatrick, 2008. Fitzpatrick (2006) suggests conductivity should be measured on

1 m diamond coreatget reliableresuls. Whilst conductivity ismeasuredit aconsistenscaleacross all samplethe sample

size issuboptimal, and our conductivity measurements should be consideseflil estimations of whemilphide occurs
Chargeability is not scale dependent and would be a more suitataléo collecbn small cores such #@isoseused in this

study.

5.2.5 Radiometrics

Radioactive isotopes have played an i mp,oandtlemtngenerationlfrom a s
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), Tiorium (232Th) and Potassium (40K). The heat generated per second by these elemenfs) (uvvikd)

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

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

Radiometric measurements were conducted with a Radiation SolutieB3ZRSammeRay Spectrometer ana custorrmade

tray holding up to three rounds per measurementmemtsamples, 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 (Potassiud0), U (Uranium/Radium), Th (Thoriw#32), Dose and Dose rate, using
respective data units (%, ppm, uSv etc). The data was imported into the database together with the meastaemenoiD

the number of rounds in each of the measurem&témdard radiometric ratiok:U, K:Th, U:Th, Th/K, U/K, U%K were
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calculatedand also listed in the databa3&ese ratios are a means of normaligimg relativeproportions oK, Th and Uin
different rock typesindependent of their total coynd differentiate K, Th and @nomalismlt has long been recognised that
Uraniumanomalismin airborne radiometric datzorrelates with mineralisatiorand fluid pathwaysit numerous sites within
the study are@Lambourn and Shelley, 19¥.However,gammaray spectrometry at the samplealeprovides a petrophysical
means of integrating mineralogical and geochemical understanding of ore forprati@ing knowledge that can be used to
betterinterrogaé airborne radiometric datasgtsg., Austin et al2021d, Austin, 2021b) Uraniumanomalouspecimeri.e.,
those with B:K > 10 in Figure 17) havedistinct mineralogical propertiehey all occur inOCG or ISCG deposits and
prospects andontain carbonates (either calcite and/or dolomite) and apdtiéy. dre mineralogically complex and preserve
mixedfeldspar titanium andron oxide and iron sulphide assembla@geg., contain both magnetite and pyrrhotite, magnetite
and hematiteand/or titanite + rutile aniimenite). Walshe et al. (2016) hasguedthat the distribution of andesiilenenite

assemblages versusf&ldspartitanite assemblages can be used to define pH and/or redox gradients in IOCG systems.

5.2.6  Structural Fabrics
Methods

Anisotropy of magnetic susceptibility (AM$3 a seconerder symmetric tensor that maps alignment of iron in the crystal
lattice (Biedermann, et al., 2015) and therefore maps mineral alignment ifFapk®18). AMS is often used as a proxy for
mineral texture in geologic applications (Biedermann, et al., 280§ fabrics have been related to numerous events through

a range of temperatuqressure conditions, from viscous flow in magmas (e.g., Knight and Walker, 1988; Ferré et al. 2002)
through to folding and ductibrittle shearing during relatively late stages of 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 fabric of the magnetic grains with the rock.

For legacy samples (Uncover Cloncurry), 64 measurements are taken while spinning the specimen about the X, Y, and Z axe
individually, using a conventional single axis rotator attachniérd 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 sutibepditisor is combined from these measurements.

For Cloncurry METAL measurements, a-3Btator attachment was used. The-&ifator spins the specimen simultaneously
about two axes with different velocities enabling the determination of 320 directional susceptibilities during a single
measurement phaseofistituting an excellentB 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 outpsignal from pickup coils is amplified, filtered, and digitalized, and raw data are transferred
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directly to the computer in the form of . RAN files and

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: colurr@; GBecimen B:
columns DDBDZ; Specimen C: columns BDZ. 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 theisaikd),

an intermediat@xis (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 magnetabrics within specific lithologies or structures

have a preferred orientation overall and whether the distribution of orientations reflect a specific type of fabricavitih th

(e.g., axial, axial planar or planar distributions: Zavada, et al., 2017). Three main parameters, introduced by Bdlinek (19
are commonly calculated from the results to differentiate the style of fabrics present. P (e.g., column DA) is eli&l to K
and corresponds to the anisotropy factor. Rocks wiit.th hi g
L (e.g., column CY) is equal to K1/ K3 and defines the e
is prolate and the rock has lineation). F (e.g., column CZ) is equal to K2/K3 and defines the extent to which a rdek is folia

i .e., if K1aK2>K3 the ellipsoid is oblate, and theg, rock
column DB) the corrected degree of anisotropy which takes the shape parameter into consideration and T (e.g., column DC
the drape parameter (O=isotropic; +1>T>0 = oblate (planar) ellipsb#df<0 = prolate (linear) ellipsoid). Aexample data

outputfrom Anisoft 4.2 software andan interpretation of that data greesentedn Figurel.

Processing

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 on
wasanalysed for other (e.g., TIMA). i not practical to presentifhdata as a database, due mainly to the extent of additional
calculations and metadata required by each of the individual technithee€ | oncur ry ME T(Austinfetdalat a b a
2024) is thereforeprovided as a singlgpreadsheeVectorproperties tensorssuch asAMS ellipsoidsrequired tigonometric

vector additiorto calculate weighted meéineations(i.e., K1 vectors: columns FKL) with corresponding intensity (column

FM) and weighted mean foliations (i.e., inverse weighted planes to K3: columRBPF@ith corresponding intensity (column

FQ) for each sample. These calculations, which incorporate Jertors and the relative intensity of the fabrics provide
weighted mean foliation and lineation data for each sample, which are compatible with traditional measurements used in

structural geology.
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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 ofhe parallelism of the vectors) which provides an effective measure of the relative textural homogeneity of the
sample. Samples with a mean length >90% are considered texturally consistent. Whilst sample with mean length <90% hav
fabrics that are inconsistent to at least some degree the user should note that the result is highly dependent ondhe number
vectors sed in the calculatiorRegardless 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% approximates two vect

of equal intensiy are 30e offset from each ot her; a mean |l ength
from each other; and a mean | ength of 50% approxi mates
vectors are used in the calculation a mean | ength obf 92¢
other, a mean | ength of 80% approximates three vectors of
33% approxi mates three vectors of equal intensity are
calculationamearelngt h of zero is possible (but highly wunlikely)
other.

5.2.7 Automated Mineral Mapping
SamplePreparation

After the petrophysical analyses were complesadiplesvere 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 c
the surface, howeveesin was required fanore porous samples.

Automated mineral mapping was conducted using a Mira T84d@id emission gun (FEG) scanning electron microscope
(SEM), coupled with three EDAX Energy Dispersiveray Spectroscopy (EDS) detectors, a backscatter electron (BSE)
detector and the Tescan Integrated Mineral Analyser (TIMA) software package. Thetadtomdal mineralogy setting on

the SEM utilises a 25 keV, 6 nA, 26 nm electron beam and a 10 um pixel size was chosen for analyses with a required minimun
of 1000 Xray counts per pixel. Standard electron beam alignment, focussing and instrument calibration, including 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 minere
phase, a grain boundary, or poorly polished section due to the presence of clay minerals or sample fractures, unclassifie
(black) pixels will occur in the dataset and in the phase panoramas. Any unrecognised, genuine phases can be later adde
mineral library in the TIMA software. While the TIMA SEM system is operating in modal mineralogy mode, it produces

volume percent mineral abundancesvd to 0.01 vol. % detection limits, which can be exported as a .csv along with the
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mineral phase.png imag€e.g., Figure20) that are integral to interpreting alteration mineral assemblages and textural

relationshipsf eachsample.

Mineral Classification Methods

For each of the deposits studied in this project, a CSIB@Iloped, Xray spectranatching mineral classification library was
generated. The 6l egacyd Uncover Cloncurry samples were
accordngly. The new mineral classification libraries have improved previously misclassifiedclassified phasdgse.,

scapolite and plagioclase at Ernest Heamrglsillimanite/andalusite and pyroxenes at SWAN) found in the Uncover Cloncurry
datasets. On average, each of the depsitific mineral classification libraries include more than 150 minerals, which have
been generated from international st armdaatiativsEldctrooBackidatter Mi r
Diffraction (EBSD) analyses, which were acquired with an Oxford detector on the TIMA SEM, or microprobe standards. Any
minerals that were imported directly from the international Web Mineral database were done so in consultation with the
available literature foeach of the deposits andilt spectramatching and spectrguantification calculators in the TIMA
software.

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

expected Xray count range per element within the mineral. TRy count 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 wit
low-to-background Xray count values are often added when minerals of similar composition need to be differentiated (Figure
22). Due to many minerals existing as variations of their solid solutions, in some cases, small impurities such as Fe and Mg ir
muscovite (Figur@2) are allowed into the mineral definition. The primary and secondary constraints are particularly important
for minerals that have undergone multiple stages of alteration and include common and unusual impurities, for example the

grossular and spessartinech almandine garnet species found at the Cannington d€Pesitce et al., 2021)

5.2.9 Geochemistry

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

tube and a largarea Silicon Drift DetectoAnalytical beam times were 20 secorafgl utilized a 10 kV and 40 kV beam in
Geochem modeéveasurements were checked against 5 kngmatrix-matchedl diamond core standardsd a silica blanko

check efficacy anthstrumendrift during data acquisitiotdowever the data presented in the datalpasstin et al., 2024) is
uncalibrated against the standards as the instrument measurements closely matched the standard values. The instrument ¢
was also monitored by repeating one unique standard and a blank every 20 analyses. Measurements were taken on the polist
surface of the TIMA rounds apart from samples which were set using resin prior to polishing due to poor rock quality/friabili
(e.g, someSWAN 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 resiezd alite measured for

small test set 023 samples from SWANconfirmingthat thedataareunusable as all elemental concentrations are attenuated
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by as much as two orders of magnitude. All pXRF data in the database (columns NY itclQdBs theproportion of the
element present and associated reading error (1 standard error), both of which are displayed in parts per million ppm). Ligh
elements, defined as those with atomic number <11 Naand lighter) cannot bguantifiedby pXRF and so théotal

proportion of all light elements (LE_concentrationpiesentediowever in columns QP, with the respective error in column
QQ (both in ppm).

5.2.10 Hyperspectral Data
Data Collection

Hyperspectral data in the VNIBWIR (3562500 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 we
calibrated withusing a standard white reference material. Spectra were viewed and analysed in The Spectral Geologist (TSG)
software. Collecting spectral data on a polished surface thaimteal 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 sulphidtdeor iron ox
rich samples are generally noisier). However, hyperspectral measusewere not a component of the original Uncover
datasets and were added as a database component for the METAL datasedy thidugh sampling, and so a significant
number of METAL samms 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 tradtatitbmeasured in a consistent
manner with measurements from different methods on the same sample surfase.afsdte 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 resul
The primary difference between the spectra from the rough and polished surface iuertle shape of the spectral
background which is observed as systematically lower VSalbedo (reflectance albedo e245@%0n) and higher SWIR
spectral contrast pfit (range of reflectance over [1300,2500] nftredded by a 3rd order poly fit) in the polished samples
(Figure23). 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 ba
the polished andnpolished sample, and negligible changes to the qualitative TSA (UTSAS) outputs were observed (Figure
23). Given the test sample results and that the bulk of the samples (including all of the Uncover samples) were already polishe
the remaining samples were also measured on the polished surface for consistency across the database so that all measurem
(TIMA, pXRF, ASD) were representative of the same surface. The exception is for samples which were set using resin prior
to polishing due to poor rock quality/friability (e.gogmeSWAN samples). As with the pXRF data, the backside of the resined

samples wameasured to avoid interferences from the resin.
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Processing and Data Outputs

Spectral mineralogy outputs were generated in the TSG (The Spectral Geologist) software using a seriesdéveRip€ol

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 effiaagiydodeposit or mineral system. This

so that everydeposithasconsistent outputir use in advanced data analytics and relies on the user for evaluation of which
outputs to use in making interpretations. All the spectral outputs have been created using TSG Version 8.0.7.4 and TSA Versio
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 c#2minerals that most closely resembles that of the input spectrum (Berman et al.,
2011) (Fgure24). 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 hveégpntributing 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., quantiRbv@dest et al., 2012; Laukamp

et al., 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 (Figg#g 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
noted that the mineral assemblages present in the Cloncurry METAL and Uncover samples are dominatedifgc8VveIR
minerals, inaiding oxides and sulphides, where the SVdtitive 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 betweanthe SWIR due to their overlapping spectral absorption features in the SWIR, namely the
~2250 nOMHOAMgnd the ~2340 nm carbonate feature (Lawkkamp e
TSA results have been exported into @lencurry METAL databas€Austin et al.,2024) at both at the Mineral Group (QW

to RJ) and Mineral scale (RK to TE) to allow for application at different scales of detail. However, the Mineral Group results
are more 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(t& resu

to QV) (Figure24). 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 misclassifidatenthe 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 settisghanged from its standard setting of 0.04 to 0.01 to
accommodate the darkness of the rocks, 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, thesI SA librari

have been minimally changed between deposits, and the TSA settings have been kept consistent. However, the TSA outpu
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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 Figure24), and so the results are not included in the database. Another approach to improving unmixing results is to expanc
the mineral library using external reference libraries which include spectra of minerals tmd& 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 sampleg (from th
TIMA data). The application of this library did not result in a significant improvement in the unmixing resultsxscapolite
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 als
probed using a spectral matching method {each in TSG). This method outputs the results of curve matching between
spectra in the project dataset and spectra in an Aux (Custom Library) dataset and yielded no significant matches despite tr
presence ofcapolite 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 instrumér2$880hm) (Figur@4). This is important

when considering that the assembl ages priemamntti Vved trhien &rl 3
the mineralisedassemblages are ir@xide rich (Figure24). While SWIR inactive mineral such as feldspars do not have
distinctive spectral features in the SWIR they contribute to the spectral background, and the VNIR region of the spectrum is
sensitive to the presence of iron oxides and transition metaldolttisis reason; that the entire raw spectrum is included in

the database.

Given the inherent complications with spectral unmixing results, many spectral gedlegistctaukamp et al., 202pyefer

to probe individual spectral features in a dathgdboking at for example, the depth, wavelength or shape of a well understood
spectr al absorption f eadtourfeeaswaohle g .tghe HaGRGtOMEON Mk at ur
(e.g, Sonntag et al., 2012) (Figu24). Figure24 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 antimprovem
on the TSA outputs. Scalar is the term used by TSG to refer to any set of calculated values related to loaded spdutral data.
outputs included in the database are what are referred to as batch scalars. Thesegrarepreellestablished, and in most

cases published scripts for spectral parameters which probe the position or depth of a given spectral absorption feature (S
Laukamp et al., 2021 for an overview). The outputs in the database are split into three categories, TSG Batch System Scala
(scalar name_SS), TSG Batch User Scalars (scalar name_US), and Batch File Scalar (scalar name_FS ). Batch system sca

commonly use a-Band polynomial fit, while the User Scalars employ a Multiple Feature Extraction Methods for their outputs
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so are much more restrictive (Figu2b). Details of the scalars name, application, as well as references are included the
database explanatory notes and are also described in Laukam{2@238l. Not all of the scalars in the database will relevant

or even trustworthy for every deposit but have been included so that each dataset in the final(@aistiase al. 2024) has

the same outputs for use in advanced data analytics. It is also important to note that the System Scalars (_SS) dyynot have &

masking applied to them, and that the user should consider this in their application 2B)gure

5.3 Dataset collation and integration

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

The format wasnodified from the previous version (Uncover Cloncurriyatterson et al, 201L8nvhichhadthree to foulines

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

extra calculations have been added to better summarise the data. In general, these are simple averages. However, in the ¢
of vector quantitiege.g., AMS and remanent magnetisatitimg averagelirection of three vectors coupled with the average
intensity of the vectotan provide a poasummaryof the datand the associated erso€alculating vector means (i.e., adding
thethreevectors togetherigonometrically)is a farmore accuratsummary of the datandtheassociated mean lengttretric

providesan excellent measuma the consistency of the three vectors used in the calculation.

To make theCloncurry METAL data(Austin et al.,2024) easy to use a range of metad@escriptions of which are outlined

onTab 2 of the databasaje providedincluding

1. Information on the structural context and system zonatiore baen 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). Wheriblpge®vious work, including-B geophysical
and geochemical models and crssstion in a D GIS (e.g., Discover 31, Geoscience Analy®t, or LeapfrogM) was
assembledSystem zonatiowasdetermined by examination of the alteration assemblages present in TIMA imagery and
is also determined relative to previous work. An example ofthisxcontextual metadaia used igprovided in relation to
structure, geophysics and geochemistry in some of the major outputs of thisesgudg¢hlegel 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

ADrill holeso functMon of Maplnfo Discover
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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 giadive. Untilcomplex variablesuch agrotolith, textural fabrics and relative

proportions of alteration productsan be determined autonomoudtgm TIMA imagery usingdata analytics, these

descriptions will haveo suffice. However, they should be used with caution, asersof the databasareencouragé to

review the TIMA imagery themselves and revise the structural and alteration framework to suit their specifiorneeds
better still, devise an automated method.

5.4 QA/QC

Each of the input datasets for this project were produced psipgietaryinstrumentation and software, and as such much of

thequality assurance@nd checkingvasundertaken usinthese software packagesor to exportSome of the main problems

identified at this stage of the process included:

1. Falseparallelismof NRM directions due to the sample rotator not working correctly on tke @gnetometer

2. Subdud magnetic susceptibility readings in magnetitd samples due to sefiemagnetisatiorffects.

3. Large percentages

of

fi u n KIMAomirreral libmaly Imétatians. s

n

TI

MA due

These issues and others of a similar nature wasily addressedy minor changes tthe setup of variousinstrumens,

modifying instrument settings and/mnproving referencspectraas required.

The processing and assimilation of these individual stagamshowever, preserfar more opportunities to introduce errors

via mistranslation of proprietary data formats into temwisplacementof data or misappication offunctions (e.g.usingthe

wrong columngo calculateaverages and ratipBy and large these kinds of errgmesented as obvious bipolar contrasts in

resultant outputdypically with orders of magnitudeariance These were (hofly) all fixed prior to publication.

In somecasesthe datapassed QA/QC butill had a majorflaw that made it difficult to integrateffectively. These were

encountereth asubsequerdata analyticproject (Williams et al., 2022h which the entire dataset produceslapiciousi-

modal clusteringn one axiof severahontlinear data reductioprojections After individually assessing each of the various

components whichorrelate 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 dos&inly correlated with a consistent difference-86% between

the Potassium% ofwo groups of sample§hose with lowerdose rate were lameasured teour North Ryde laboratory

t

0

aroundNovember 2018, whereas the samples with the higher dose rate were all measured at our relocated Lindfield

laboratoryaroundApril 2020. Williams et al., (2022found that all samples measured at eachssisgedthe samdlaw

and inferred that the contrasin mean radition levelwas due tothe background radiatiof the differentlaboratory

environmentsThis calibrationerror wasamended byormalising each channel of radiometric data relative to the mean

measurements from each site.
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2. Williams et al., 2022 also founidistancedn which similar rocks with similar mineralogplotted at opposite erglof a
dimensionally reducedrojection In this case it was found that the main difference between the two clusters was related

860 to the methodology used to genertdte TIMA mineralogy mapOne of theselustes was comprisedof earlierUncover

Cloncurry Samples(Patterson 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 phsisels asfayalite,
almandine, epidote, fluorite, scapolite, and oth@itsus during processing of the data, one mineraluld easily be
incorrectly classified as anothes.g., andesini the earlier datavasinsteadclassifiedasscapolitein the later In some

865 instances, the same minevesalso mapped using dérent names, e.g., potassic feldspar was mapped as microcline in

the Uncover Cloncurry mineral library, but asfédspar in the Cloncurry METAL libraryWilliams et al.,2021).This
major oversight has beeamended in the updated version of the dtgeneral, howevetthe use of a different TIMA
library may dramatically affecteveramineral phaseand n this casevariances in theolume of actinolite, scapolite and
k-feldspar, all affe@d the projectiondramatically Because of the updated software it was not feasible to individually

870 reprocess all results and so legacy samples wererepitgcessed for deposits studiedhie Cloncurry METAL project

(i.e., Cannington, Ernest Henry, SWASItarra276, Osborneand Eloise).
The use ofdifferent mineral librariesneant somef the more uncommoassemblageom the earlier studgould not be
easily integrated with data frothe latter highlighting thatthe processes by whidataarecollected reduced ancepresented
have profound impacts on any big data approaches to geoscigriseis a particularissue for categorical data (e.g.

875 mineralogy)which may not be precisely identifiedmiaycorrespond tonixtures of multiple endmembeButitis a common
problem across all spectral/ el emental i magTobgstaadredsuch c ann
issuesacross different rockuites usingjuantitativemineralogyapproaches (e.g., SEMMA) it is critical to1. hawe access
to raw data, 2. custonised data reduction approaches, ar8l Smarter and/or more flexible approaches to
classification/estimation of mineral phase proportions.

880 Data ollection issues almostertainly have a greater impagh outputs than data antibs methodologiesThe issues
identified here are detectable, resolvable, and have relatively small impacts due to the scale integrated nature thifehe data,
high quality of the data and consistency of the sampling and analytical tools used. However, the use of datasets assimilate
from different scales, resolutions, precisions, and tools, more generally would almost certainly lead to far more segous iss
which could be substantially less detectalsledwhich no amount of buffering, filtering, recalibration, or conversion can

885 adauately supress. The consistetaeyd qualityof inputs is paramount.

6. Applications

The data collected by this studypan a range ofjieoscienceapplications,including understanding deposit paragenesis
(Schlegel, 2021 Schlegel et al. 2021, 20R2ntegrated insights intthe geochemical, mineralogical, and petrophysical

footprints ofmineraldepositye.g., Austin et al., 20213), quantifying the structural control8ustin et al., 202L; McFarlane
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and Austin, 2021and geophysical expressi¢hustin, 2021a, b of mineral systemsl heresultingknowledgecan be applied
to three broad function®)ineral ExploratiorilrechniqguesMinerals Systerscienceandcharacterisation, ambvel approaches

to each usinglata analytics

6.1 Mineral Exploration and Minerals System Characterisation

The data produced has applicas@tross a range of green and brownfields exploration toolkits as visualised by the Venn
diagram in Figre 26. At the core of this capability ithe SEM-TIMA quantitative mineralogy technolog\6EM-TIMA
providesquantitativeinformation about mineralogy, lithology, rock texture, metamorphic grade and alteration paragenesis,
much of which is only collected qualitativedyd 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 Diagram(Figure 26)) producing camyscale exploration targeting criteria which can be exploited using conventional
coreshed tools (e.g., Figurg7). The resultant datalso provide quantitative constraints across a range of geoscience
disciplines, which address the five questions of mineral systems sci#atshé et al., 2005including: (1) What is the role

of Geodynamics®2) What is the role of Architecture of the systeli8P What are the roles of fluids, their sources and
reservoirs{4) What are the fluid flow drivers and pathway5§?What are the metal transport and deposition processes? The

applicationsof these datare discussediting examplesvithin this framework belw.

6.1.1 Geodynamics

Insights into the geodynamics of the minerals systam be gainedia interrogation of the mineralaml and textural
information derived from the SEMIMA imagery. The mineralogydataprovides information abouthe relative abundance
of metamorphicindicator mineralge.qg., sillimanite, andalusite kyanite pseudomorphsas well asinformation about the
temporaljuxtaposition of metamorphiand metasomatic reactioassemblagesTextural information from SEMIMA also
providesinsights intotectonemetamorpic evolutionby differentiaing primary sedimentary and igneous textures from
metamorphicmetasomaticand tectonic textured his mineralogical and textural quantification of rogk®videsvaluable
information for thereconstrudgbn 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 which our data provide critical insights into tearliermetamorphidistory of the Cloncurry
district For examplethe work byPearce et al2021) integratingmetamorphic petrology an@EE-geochemistrydata from
theCanningtordepositdentifiesa complex higiry pervasivéd-e- andCaFealteration, that was subsequerdgiposed to high
grade (>upper amphibolite facies) metamorphism and hgtrated to fornmthe complex assemblagebservedThe TIMA
imagery on their own provide future studies with an ideal launching platidlonying researchers to readiycae minerals

of interest folinterpreting broad crustal processesy(, REEprofiles), thermobaromey (e.g., garnet, pyroxenes, amphiboles,

sillimanite) andgeochronologye.g., monazitezircon).
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6.2.2 Architecture

The mineralogical and texturgjuantificationof rocksprovided by SEMTIMA can be integrated wittjuantitative information
on rock fabrics providd byanisotropy of magnetic susceptibilifAMS) datato provide valuable information about the
925 architectureof the systm. The AMS technique allows us to differentiate isotropic vs anisotropic rdtksebyassisting
differentiaton of rock typesaindproviding insights intdheir role inthe development of regional to deposit scale architecture.
For example, Austiand McFarlan€2021) found that dioritic intrusions in the distal foot and hanging wall of Ernest Henry
had istropic (i.e., undeformedfabrics, consistent with theating as rigid buttressebatfocusedstrainduring deformation.
AMS provided informatioron the nature of fabrics within different rock typaad in particular whether fabrics airgeation
930 or foliation dominantand the strength of those fabri&ich information allows us to differentigteimary sedimentaryand
magmatic fabrics from tectonic fabriesid furthermore quantify the bulk rotations in those fabriglated to foldinge.g.,
McFarlane et al., 203&andor rotation of rigid blockwithin an incompetent substrafe.g., Austin and Patterson, Z)2The
technique furthermore allows usaontrast lineation and foliatiofabrics within a cluster of samples to produce information
of the kinematics of a deposiBuch insights can be integrated with convention structural geology, lineament interpretation

935 basedon geophysicdiilter products and ® geophysical models to characterise regional architeantdealeekinematics

6.2.3Fluids (metasomatism)

Fluid compositior(including containe@lemenssuch as gold, copper, irpsulphurandcarbonatearbor) andfluid properties
(including oxygen fugacityredox)andacidity (pH) are importanfactors that contramineralisation. Whilstechnially not
direcly characterised by the data obtained in this study, valuable insightsiidtcomposition, redox and aciditf the fluids
940 involved in mineralisatiortan still be obtainedia understandingf alteration parageneséd deposit zonatiomThe main
tools for understandinthese propertiesmclude 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 applicatiotesdistrict scaleexploration. These include
1. Feldspar mineral zonation at Ernest Hereyg(,Schlegel et al., 2021) and Eloised.,Birchall et al., 2021)
945 Zonation in white mica and carbonate abundance and chemiStsrea276 (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 > w0 DN

Apatite haloes around theineralisedzones at SWAN (Stromberg et al., 2021a), Ernest Henry (Schlegel et al., 2021) and

Eloise (Birchall et al., 2021)

950 Hyperspectratlataaresensitive to most mineral species (apart from sulphides), and different spectral ranges are sensitive to
different mineral specighaukamp et al., @21) While hyperspectral mineralogy is a surface techniguwan be usetb map
alteration from thesubsample toregional scalg andthuscan be easily integrated with other geosceetiatasetsuch as

radiometrics and magnetid¢s inform our understanding d&lteration footprints andluid pathways (e.g., section 5.2.4)
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Stromberg et al (202Drovides an excellent examptambiring high-resolution SEMbased mineral mapping from four drill
holes at SWANMt Elliot with continuous downhole hyperspectral HyLogd& @latasets to present an updated alteration
paragenesisf the systemTheir workdescrilesthe role ofsuccessivédluids in localisingmineralisation andleveloping the
associatedlterationfootprint

The roleof fluids inlocalisingmineralisation can also be examinedratch finer scale using theSEM-TIMA coupled with
geochemistrylata Schlegekt al. (2021) andiicFarlane et ak2021) highlighted the role of acibase reactions in controlling
mineralisation at Ernest Henry andtarra276. Schlegel (2021, 2022urthermorehighlighted how SEMTIMA mineral
mapping approactan be used to understand the role of flindgenerating porosity in hydrothermal systeffisey suggested
thatmineral zonation resuftg from of sodic alterationpotassic and ironmetasomatismshearingandbrecciation followed

by regressive hydrolytic alteration and carbonatizatitydrolytic alterationresulted in variable replacement of magnetite by
hematite also resulted ivolume reductiorgorosity creation(evidentnow as late carbonate infill and veiningyhich mace

way forthelate high grade coppenineralisation

6.2.4Pathways

Insights from convention structural geologyeophysicdhasedlineament interpretation and-[3 geophysical modhg
providerigid constraints on the architecture of the systemndits paleckinematics Structures are commonly assumed to be
fluid pathways In reality, however all structureshave unique histories, have differdimiematicsandare active at different
times Whilst the interaction of structure and alteratmambe constraired at the sampléo deposit scale usindETAL data,

it is more difficult todifferentiate the rolef regionalstructuresn localisingmineralisingfluids basedourely on convention
structural geology and lineament interpretatibmdifferentiate fluid pathways fromther structuresewmethodsare required
that can highlight fluid rock interactions within those structures only at the sample scale core scalebut also at the
district scale.

Research ohOCG depositgAustin et al, 2016b, i; Austin and McFarlag 2021 Austin, 2021b; Austin etal, 2021c) has
identified associatioa betweenmineral deposition andedox reactions refleced in transitions betweemagnetite and
pyrrhotite,or hematite bearing lithologieFhat workillustratedthat transitions betweeghese key deposit forming minerals
coincidewith elevateduraniumon the more oxidisegdide of the gradieri.e., magnetitein a reduced systeroy hematitein
an oxidised systenThis association is mappaldethesamplescale using METALapproach, at therill core/ deposit scale
usingahandheld susceptibility meter and gamrag spectrometeAt a regbnal scaleéhe association ofFe-oxide anduranium
(i.e., theredoxgradienjy canbe mappedusing a combinatioairbornemagneticandradiometric datde.g., Austin, 2021).
This technique allows the differentiation fifid pathways from usinvolved structures aeverall OCG depositacross the
Cloncurry district including SWANStarra276, Monakoff, Cormorant and Canteg€Austin, 202b, Austin et al.2024. The
recognition of suclprocesseprovide anddealproxy for oxidised fluid pathwaywithin IOCG mineralsystems becaugkey

allow use to converthemical reactions into physical propertteat can be recognised in geophysical datacontrast to
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mineralogical or chemical propertigbese physical propertieg readily scalkfrom sample to driticore, to deposit to district

allowing us to trace fluid pathways from the deposit intodis&ict

6.2.5Mineral Deposition

Mineral deposition in hydrothermal systentgtypically a function of several processesisually thechemicalreactiity
potentialof the host and fluidcoupled with theavailableporosity(e.g., section 5.2)3andstructural contra. The Cloncurry

METAL databasgAustin et al.,2024) provides insights into eacltnformation a structuralfabrics within a mineralised
systemis derivedprimaiily from AMS data (discussed in 5.2,2hich isupscaledising geophysical modelling and lineament
interpretatiorand integrated with insights from radiometrics to constrain fluid pathvagssussed in 5.2.4This knowledge

of the structural aatrols is coupled withinsights intodifferent fluid-rock reactionsand alterationparagenesis from SEM

TIMA (discussed irb.2.3)to characterisenineral depositionin essencethe processsinvolved in mineral depositiorare
interdependenthat isfluid pressurémpactsstructuralrheology which impact porosity generation, which impgachemical
reactivity. These processes are all linked, and the giébantage of the METAL methodology for data integration is that our
dataareintegratedby-design andhereforedescribs theseprocesses holistically

Austin and McFarlane (202I)rovide an example of how insights into structural controls can be integratedamvith
understanding of the mditagenic history to understand mineral depositidmeir workdemonstrated that the juxtaposition of
tectonic lineations and foliations at Ernest Henry suggested anticlockwise rotation of the strain direction causingra transit
from pure reverse movement to sinistral strike slip from ca IR0 Ma. They interpreted that as the system evolved into
strike-slip dominant tectonism, in which-8 oriented near surface structures linked with reactivateghardilel basement
structures facilitating fluid flow between the lower and upper citst. AMS techniquénasfurthermore identified that the
majority ofstructurally controlled hydrothermal deposits plunge parallel to the measured K1 (lineation) vector (e.g., Austin et
al, 2016 d,e,f; Austin and McFarlane, 2021, McFarlane et al, 2021, Birchall et al, 2021). This allows us to predictghe plung
of most mineral 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).

6.3 Machine Learning

Williams et al. (2022) developed targeted workflows to make use of the range of geedatarwithin the reference database

and investigated options for ppeocessing, transformation, and the construction of unsupervised and supervised predictive
models. These workflowsereimplemented in Python andere presented as a package of configurable scripts, which can be
readily integrated and extended with widely used egmirce machine learning packages. A range of software tools and
algorithms have been used, adapted and created to make use of spedfit ggosciecedata in machine learning workflows

and for configuration fomodel generation and interrogation.

The multiproperty nature and dimensionality of the dataset predenthallenge for use in machine learning workflows

targeted dimensionally reduced projectiorese found tde useful founravellingcomplex geologyhanbivariate, ternary or
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threedimensional diagramaVilliams et al (2022)dentified the prominent features and signatures which define the larger
scale structure of these projectiom®viding a geological framework for thdustering 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
predictive analytics for exploration is feasibldwe project provided eeference frameworiEigure28), allowing explorers to
contextualisefuture exploration resulteelative toknown mineral system signaturasthe region,and in so doindurther

building the referencéramework

Data Availability
Data described in this manuscript can be acceBsed the AuScope Data Repositorittps://doi.org/10.60623/82trleue
(Austinet al, 2024)

Conclusions

Cloncurry METAL set out to push the boundariegia) 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). Wegacsed that one way to bridge the gap betweensegke, low

resolution datasets and the fractal (i.e., rsdtile) nature of geological systems, was to develop a scale consistent{sample
based) methodology for data collection, and translate the kdge/lato physical parameters, which are readily scalable. The
outcome of which is | ed to t he-mnraaloyichifeschdmicabsuttyrainietadomatic i nt e
characterisation dataset, across over twenty deposits from the most geologically complex mineral systems on Earth.

This studypresers data,from this innovative districtwide, scaleintegrated, geoscience data project, which analyge@D1
samples from 2&ineraldeposits and prospects across the Cloncurry District, Queensland. Ten different analytical techniques,
including density, magnetic susceptibility, remanent magnetisation, anisotropy of magnetic susceptibility, radiometrics,
conductivity, modal mineralogy from SEMIMA, geochemistry, and shewave 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 Wich the spatial coupling of the techniquesssuredThese data aréntegrated by design, eliminating the need to
downscale coarser measurements using assumptions, inferences, inversions, and interpolations. This scale consistent appro
is critical to quantitative characterisation of mineral systems and has numerdinatems 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 samplésis, 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 geoscie®ce team has extractsiynificant
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1050 value oubf this new integrated dats demonstrated lilge examples contained herein. Bigt haveonly scratched the surface
on the potentiahpplicationsof thisapproachand there is much to be revealed by the wider geoscience comnitngydata
associated imagg, modelling,and insightsprovide anoptimal platform for further studie®y providing comprehensive
characterisation ahe deposits, thefootprints anchost rockslt describes anineral systenat the sample scale
This project highlightshe need to think carefully about hogeosciencelata is collected, and hoswllection and processing

1055 impactupon automatechterpretation.The consistency ahe scaleresolutionand depth of investigatioaf input dataare
paramount andhould be carefully consideréu order tobest capture geosciendatathat is meaningful to data analytick
is crucial to recognise that very few of the datasets wilisggeoscience (especially mineral exploratiarg truly spatially
coincident truly quantitative (at all scales) oompatible(in terms of describing identical volume3) make big data work
in geoscienceghanging how we approach the daild lead to improved outputs fromtataanalytics, rather than thanalytics

1060 themselvesData must first be integrable to be integrated.

Ultimately,the most important aspedf data integratiomwill alwaysbetied to people. The integration of ideas and the linking
of domain expertise is critical &dign the mineral vectors provided by different techniq&égure29). Getting domain experts
together in the fieldcore shed, laboratory and conference raoamitical todevelopingmproved methodologies for unlocking
mineral potential andhaximising the utility of data analytic§Ve hope this publication providesplatform for innovative

1065 researchnto this uniqueand complexnineralsystem ands a catalyst foadoption of tiis approachacross mineral districts

globally.
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Figure 1. Google Scholaf™ searchresultsfor arange of common data integration phrases used in geologyand mineral exploration.
Data for each point on the graph comprises all result for the 2 years pricio that year. Each datasetis normalised to 2016 to provide
a meaningful comparison of recent trerds in the use of different techniqguesBased onAustin et al., 2021a.
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A. Terrane / Regional Scale B. Camp to Deposit Scale C. Sub-deposit Scale

Geochronology

Mineralogy, etc
+

Petrophysical
Properties

Rock Fabrics

Models

" Drill holes

| 100 km | | 200m | L 2cm I

Figure 2: lllustration of some of the different scales oflata in mineral exploration and some common linkags between scalé\. The
Terrane / Regional scalds dominated bygeophysicaland remote sensing(B) The Camp to Deposit scaleés dominated by drilling

1375 and geophysicsis multidimensional, mixed resolutionand may involve severafeedback loops with subdeposit scale C. The sub
deposit scaleacquiresmaterial from the deposit scale andeeds backconstraining information (e.g., petrophysicsfabrics).
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Figure 3: Schematic illustrating different types of data used acrossegional exploration (left), resources definition (centre) and
1380 deposit characterisation linkages between datasets at different scales and some methods of scaling data &etf panel lists
techniques by relative depth effectiveneskower panel provides a summary of data integrability. Dashed lines indicate datmay be
collected as aseries of pointg(cf. continuous measurements
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Figure 4: Schematic illustrating different scales of invetigation used in mineral exploration. A.lllustrates the relationships

between scale and cost effectiveness, and the switch from prediction to detection at the camp scale (after McCuaig.e2@ll0) B.
Extends the insights of McCuaig et al (2010) to the deposiharacterisation scale andillustrates the quantum leap in data scaé
required to define a mineral resource C. lllustrated the relative volumes utilised across the three main scales and across a range of
measurement technique used in mineral exploration and deposit characterisation.
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Figure 5: Geological map of the Cloncurry District, featuring deposits from which samples in the database were taken. Modified
1395 from Austin and Blenkinsop, 2008 Additional geochronological information based on Foster and Austin, 2008.
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Figure 6: Condensedand simplified tectonic, metasomaticdepositional, magmatiand metallogenic history of the Cloncurry District
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from Austin et al., 2016g)
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Figure 9: A. 3D view of GoogleEarti™ imagery draped on a DEM over an ironstone ridge cropping out between Starrd57 and
Starra-276. The majority of surface samples wersilicified hematite-dominant ironstonesused to examine the relationships between
redox and mineral zonation along strike B. Underground 3D view of Starra-276, and the location of samplesThe turquoise body

1415 is a 0.75% equivalent copper grade shelUnderground sampling provides excellent east to west arstlirfaceto depth coverage across
the Starra system andcan be used to understandhe relationships between redox and mineralisatiomacross strikeand to depth

53



\_“'\

Ry
4

SOUTHERN o
ORE BODY 25379 CAD334

CNN131-184

L.
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Figure 6: A) Diagram of palaeomagnetic sample orientation markup procedure for oriented diamond core B) Fully prepared
palaeomagnetic sample including AMS markup.
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Figure 8: Plots of density vsmagnetic susceptibilitydata are a common method for differentiating the abundances of major ore
forming minerals, e.g., hematite, magnetite and pyrrhotite,providing 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

1440 letter of the labels correspond to deposit codes, and the remainder is a lithological description. M odified from Austin, 2021a.
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Figure 15: Plot of Magnetic Susceptibility vs density for a selection of host rocks and distalteration assemblages from the
Cloncurry district, shading indicates appropriate ranges forsome common lithological classesThe first three letter of the labels

correspond to deposit codes, and the remainder isalithological description. Modified from Austin, 2021a.
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Figure 9: Koenigsberger ratio 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 andmonoclinic pyrrhotite all
have characteristic petrophysical propertiesvhich provide information about the chemicalconditionsleading tomineralisation (e.g,

1450 redox andor pH). Thefirst three letter of the labels correspond to deposit codes, and the remainder is a lithological description.
M odified from Austin, 2021.
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Figure 11: (A) Anisotropy of magnetic susceptibility at the grain scale corresponds to the preferred crystallographic axes af
magnetic grain referred to as K1lwhich 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 alignmeptvhereas 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 12. 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

1465 (anisotropy factor (K1/K3) vs magnetic susceptibility D) Plot of L (lineation) vs F (foliation). From Austin et al., 202b.
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Figure 20: One of the more interesting TIMAimages 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 textures, whigsult
from ductile flow in pyrrhotite which mills and r otates thebreccia clasts.
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Figure 21: Mineral phase panorama from sample EHMO0O06, 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-kldspar along with
1475 other elements where overlaps may occur.

65



1480

Figure 22: 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 theXspectra from scapolite
in 1a) is similar to the andesine spectra in 2a) it is able to be distinguished by adding a strict Cl constraint into both mineral
classifications. 1b) The endmember composition of muscovite does not contain any Fe or Mg; however, it is a common impurity i
white micas, therefore the muscovite classification has been edited to allow a small amount of Fe and Mg. After a specifiad,|
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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