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Electrochemical Reactivity of Chalco pyrite Ore: Im plications of
Comminution Environments on Fl o tation Per forma nce

T. Amos - J udge, G. Abak a-Wood, Assoc. M. Zainin, W. Skinner, C . G ree t , R. Asam oah

University of Sou th  Australia, Future Industries Institute, Mawson Lak es,

SA 5 09 5 , Australia

Th e electro ch emical reaction s and in teractio ns resulting from g alv an ic coupling within

g rind ing environments, par ticular ly b etween sulphid e min erals like ch alco pyrite an d

grind ing m ed ium (such as steel b alls and water), co ntinu e to present significan t chal len ges

in downstream processing, n o tably in flotation . Understand ing the influ en ce of th e grind ing

environmen t —wheth er wet or dry—on modulating th e electrochemical reactiv ity o f sulph ide

m iner als, such as chalcopyrite, is essential fo r optimizing downstrea m p r ocess recovery. This

study inv estigates the elec tro chem ical reactiv ity o f sulphide minerals subjected to d ry and

wet commin ution processes using m eth ods such as th e oxygen d emand test, EDTA 

ex traction technique, and f roth flo tation togeth er with electr och em ical techniques . Emp hasis

is placed o n examining h o w different co mminu tion environmen ts affect the reactiv ity o f

sulphide m inerals and subseq uently imp act downstream pro cesses like f lotation.  Ad van ced

an alytical tech niq ues, including inductively co up l ed p lasma op tical emission spectr oscop y

an d x -ray photoelectron spectrosco py, were em ploy ed in the in v estigatio n to ex plicate th e

observations . The find ings are v alu ab le to processing o f comp lex low -g rade o res in

addressing  the growing dem and f or  copper.
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KEYNOTE: Vertical exposure of  > 1800m  of IOCG mineralization  
at Olympic Dam

Kathy Ehr ig1 ,2 , David Haddow1 , Max Shawcross1 , Nigel J.  Cook2 , Cristiana L. 

Ciobanu2

1 BHP Olympic Dam, 10 Franklin Street, Adelaide S.A . 5000, Australia, 2 Sch ool o f 
Ch emic al Enginee ring , The  Univ ersity of  A delaid e, A d elai de S.A. 5005,  Austra l i a 

The Olympic Dam breccia hosted Fe-oxide Cu-U-Au-Ag (IOCG) deposit is without doubt

one of the world’s largest metalliferous deposits. Most of the publically declared Resource

lies at depths of ~300-1200 m below the surface, with the deepest known areas in the SE

part of the deposit. Recent mine-based diamond drilli ng has outlined mineralization

extending for more than 2 km along strike and 1 km in depth below previously delineated

mineralization (referr ed to as the Deeps). To date, drilling has yet to close off

miner alization  at  depth  and  its  lateral extents.

Mono- and polymictic-breccia textures are complicated to interpret, yet the ore and

alteration mineral ogy are systematically zoned across the deposit. Large syn-post

mineral ization fault ing is followed by partial erosion  du ring post-mineralization events

with regional  expre ssion. Even though borni te-chalcocite-chalcopyr ite-pyrite are present

across the shallower parts of the deposit, chalcopyrite and pyrit e are the dominant

sulfides in the Deeps which also contains uraninite-coffinite-brannerite and Au-Ag

minerals. The ratios of hematite to magnetite and siderite to Ca-Mg-Fe-carbonates

decreases, while chlorite and carbonates increase with increasing depth. Likewise, the

REE mineralogy changes  from bastnäsite-synchysite-florencite to mo naz it e-apatite-

xenotime -allani te. Mu scovit e/ il li t e, quartz, b arite, flu orite and intensely altered K-

feldspar are also present. Hydrot hermal biotit e has not been observed. The best

indicator of approaching the edges of mineralizati on, even though the rock is

significantly altered, is a  rapid decrease in the concentrations of sulfides, i n part icular

pyr ite.

The distinct mineralogy and associated geochemical signatures across the depo sit are used

f or vectoring to miner alization and r ecognizing when the lim its of Fe-oxide alteration are

nearby. The geochemical signature (Mo-As-Sb -Sn-W) of the Deeps is similar to the

miner alized areas which overlie the Deeps. Hematite i s the dominant miner alogical host

of Mo-As-Sb -Sn-W. In fact, granitophile element (U-W-Mo-Sn) enriched hematite is 

ubiquitous  to  other  IOCG deposits in  the r egion surrounding Olympic Dam.

Optimal geom etall urgical des ign for  ne w or exten sion o n exi sting deposit s depends  on 

ea rly quantitative characterisation of the deposit mi neralogy/geochemistry.  T his is a 

crit ical part  of the d eposit jo urney  from d iscovery t hr oug h to  production  and eventual  

clos ure.

Funding:  BHP Olympic Dam  and ARC LP200100156
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Predicted Mineralogy  from  Field-Portable Laser-induced 
Breakdown Spectroscopy ( pLIBS) Spectr al Analysis for  Real-
time Orebody Knowledge

Cassady Harraden1, Shaun Barker1, Andrew Somers2, Mo rgan Jennings2

1.  Mineral Deposit Research Unit, The University o f  British Co lumbia, Department of 

Earth, Ocean and Atmospheric Sciences, 2020 – 2207 Main Mall, Vancouver, BC V6T 

1 Z4, Canada. 2.  SciAps Inc., 7 Co nstitution Way , Woburn, M A 01801, USA

Successful m ineral processing relies o n  robust o rebody knowledge. How a rock respo nds

to m ining and processing (including rock breakage, fragmentation, liberation,

concentration, and disposal) is a direct reflection o f  the m ineralogy and texture o f the

rock m ass itself. The m inerals industry routinely collects bulk geochemical information

across an orebody to better understand rock behaviour , but geochem istry alone o ften fails

to adequately capture the variability in m ineralo gy . Additionally, routine bulk

geochemistry is commonly o btained from pulverized rock m aterial with can lead to

significant lag times fo r sample preparation and analysi s and does not preserve the mineral

associations.

Advancements in field-portable laser-induced breakdown spectroscopy ( pLIBS) systems

allow fo r low -cost, rapid, in-situ elemental rastering o f  geological m aterials, requiring

almost no sam ple preparation. Mo st elements can be detected by pLIBS, even elements

with low atom ic num bers which can be difficult to accurately detect using commo nly -

employed geochemical methods (e.g., B, C, and O  for wet chemical assay and Li, Na, and

Mg for x-ray  fluo rescence).

Atomic emission spectra obtained from pLIBS can be used to rapidly assess mineralogy

while the rastering capabilities o f these systems capture m ineral distributions. Commonly,

the pLIBS emissio n intensity o f  characteristic elemental lines are quantified by

comparing them to standards. Here, we present a mathematical approach using

unquantified pLIBS spectra to predict the mineralogy in each pLIBS analysis and the raster

outputs to assess mineral associations. After performing background corrections and noise

filtering, the emission line intensities fo r a range o f  elements are extracted from each

pLIBS spectrum. Co nstrained by the expected elemental propo rtions fo r a user -defined

library o f  m inerals, the incoming pLIBS line intensities are used to predict the pro portion

o f each library m ineral in the individual pLIBS spectra fo r each shot in the raster. The

spatial relationships o f  these m ineral predictions can be used to assess mineral

distributions and associations at the mm- and sub-mm scale.

From  exploratio n t o mine closure, access to rapid  m ineralogical  too ls will improve

orebody  interpretations and enable key m ineralogical characteristics to be assesse d at

any stage. Predicted mineralogy and mineral distributio n derived from pLIBS enables

real -time  o rebody  knowledge  across  the  mineral processing value chain.
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S uc c es s f ul A p p l i c at i o n o f Hy d ro g eo c hem i s t ry i n Und erc o v er

M i neral  E x p l o rat i o n  i n  t he  P i l b ara  Reg io n, Wes t ern  A us t ralia

Marina Joury, IGO

IGO i n c o l l ab o rat i o n wit h CS IRO are c o nd uc t i ng a hy d ro g eo c hem i s t ry s am p li ng

p ro g ram i n t he P i l b ara reg i o n o f Wes t ern A us t ra l i a wit h t he p urp o s e o f ex p l o ring f o r 

s tra t i f or m -ho s t ed c o p p er  and int rus i o n-relat ed c o p p er  g o ld d ep o si t s hid den b eneat h

c o m p l ex t rans p o rt ed c o v er. The ap p l i c at i o n  in v o l ves a n ad ap t i v e m et ho d o f

hy d ro g eo c hem i c al  s amp l i ng  of es t ab l i s hed wat er  b ores and P V C  c as ed reg i o nal air 

c o re   ho l es  us i ng a  p neum at i c  d o ub l e-v alv e  int erv al  p ump .

E ac h ai r c o re  h o le had s l o t t ed P V C ins ert ed t welv e m et ers f ro m t he b o t t o m o f ho l e ,

wit hin t he l o wer s ap ro lit e  of t he P rec amb rian t arg et s t rat i g rap hy . The ho l es were

c ap p ed and lef t t o eq ui l i b rat e  f o r  s i x t o t welve m o nt hs b ef o re an int erv al s am p l e

was c o l l ec t ed . This inno v at i v e ap p ro ac h allo ws f o r g ro und wat er t o b e c o l l ec t ed

f ro m a s p ec i f i c d ep t h t hat i s i s o l at ed f ro m t he at m o s p here t hro ug ho ut t he ent i re

c o l l ec t i o n p ro c ess, t hereb y allo wing f o r t he c o l l ec t i o n o f t he p hy s i c al and c hem i c al

p aramet ers  i n  eq uili b rium  o f  t he  d eep g ro und wat er  aq uif er.

A n o rient at i o n s urv ey was c o nd uc t ed i n p ro x i m i t y t o t wo k no wn res o urc e s , M i ny ari

A u-Cu and Ni f ty Cu m i ne t o c harac t eris e d ep o s i t s i g nat ures o f t wo d i f f erent

m i nerali s at i o n s t y l es . The res ult s were c o m p ared wit h 178 reg i o nal hy d ro g eo c hemic al

s am p l es c o l l ec t ed o v er t wo y ears . The s am p l es are analy s ed f o r a f ull m ult i elem ent

s uit e  alo ng  wit h  o x y g en  and  hy d ro g e n  i s o t o p es .

The res ult s ind i c at e t hat b o t h g o l d -c o p per  in tru s i on relat ed s y s t em s and s t rat i f o rm -

ho s t ed c o p p er m i neral s y s t em s hav e d i s t i nc t hy d ro g eo c hemic al s i g nat ures .

Hy d ro g eo c hemis t ry i s als o c ap ab l e o f m ap p i ng k ey li t ho l o g i es und er c o v er, id ent i f y

t he s i g nat ure o f weat hered s ulp hid es , and d et ermi ne t he p res enc e o f a red uc t ant wit hi n

1-1. 2k m rad i us o f t he  s am p l e  s i t es . In  add i t i o n, analy s es s ug g es t areas where

m et eo ric wat er i s c o nt aminat ed wit h o t her wat er s o urc es , f o r  ex am p l e, d eep s e at ed

b rines m o v i ng alo ng f ault zo nes . Th e hy d ro g eo c hem i s t ry res ult s are i nt erp ret ed wit h

g eo l o g i c und ers t and i ng o f t he reg i o n and i nt eg rat ed wit h CS IRO’s s p i nif ex

b i o c hem i c al d at as et . The s uc c es s o f t he t ec hniq ue id ent i f i ed s ev eral reg i o nal

ano m alies p o t ent i ally v ec t o ring t o t he t wo m i neral s y s t em s und erc o v er, whic h

g enerat ed  t arg et s  f o r  t he  IGO ’ s  Co p p er E x p l o rat i o n  g ro up  t o  f o l l o w  up  o n.
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Rou t i n i s e d   Ge oche mistry  C l a s s i f i cati o n  Workflow  to Imp rove 
Oreb ody Knowledge  at the  Onto Cu - Au De posit

Putra Sadikin₁, Meilani Sukanda₂, Bioter Ryanto  Silalahi₂

1IMDE X  Ltd, Australia, 2PT. Sumbawa Timur Mining,  Indonesia

This case study presents an appl i cati o n  o f rout i n i s e d  geochemistry classifi c atio n workflow

on mult i- e l e m e nt geochemical data collected from drill core at the Onto lithocap-hosted

high sulphidati o n  epithermal Cu-Au – po rphyr y deposit in the Huu district, Nusa Teng gara

Barat province, Indonesia. 6813 mult iele ment geochemical samples from ten diamond

drillholes were selected to represent the range in the geology fro m the distal to proximal

parts of the deposit . Classical explorator y data analysis (EDA) approaches ut i l i s in g 

univariate and mult ivariate graphs can provide a rapid visual representation of geochemical

signatures. Mo l a r  rat i o  discriminati o n  diagrams were used to i d e nt i f y  the geochemical

signatures of the dominant a l teratio n  in the drill core samples . The s p at i a l  distribu ti o n  o f

the interpreted hydrothermal alteration mineralogy from the geochemistry data enabled the

characterisation and detailed log ging of t he extensive ve r t i cal and lateral argillic and

advanced argillic a l terati o n  zones, which overprints older potassic po rphyry a lte rati o n 

signatures. High-field strength element (HFSE) ratio s  were successfully used to

discriminate between the  andesite flow cap and three ty pes of  porphyry intrusions.

Classical EDA approaches were augmented with several data dimension reduc t io n  and

mult ivariate machine learning (ML ) techniques, including Self-Organising Map (SOM) ,

Uniform Manifol d  Approximation and P ro je c t io n  (UMAP), and Density-Based Scanning

(DBSCAN) clustering technique. A co mb i n at i o n  of classical EDA and ML techniques

applied at the deposit were found to be robust in repeatability across t he selected drillho les .

These were used to create training models for refining o f existi n g  lithological and a l terati o n 

do mains in the deposit . Supervised machine learning methods such as decision trees and

random forest were u t i l i s e d  to i d e nt i f y  parameters that can disti ng ui s h  between geochemical

classes, and to be used fo r classif ying data from other drillholes outside o f  the training

model.

Rout i n i s i ng  the data analysis and interpretatio n process allows resource companies to

product i o n i s e  the c reat i o n  of orebody knowledge. This approach allows geologists to 1)

inform, augment and validate lithological and alterati o n  core log ging on -site, 2) Improve

the reliability of t he 3D geological model with follow-on benefits to the resource and

geometallurgical mo dels and 3) Incorpo rate the improved orebody knowledge as the basis

for a conceptual system to  i d e nti f y  o ther deposits in the vicinity o f  the Onto  deposit.
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Cobalt occurrence and potential recovery from copper mining 
tailing deposits in Chile

Brian Townley, Sebastian Garcia, Erica Gonzalez, Manuel Caraballo, Patricio Martínez-

Bellange, Natalia Zúñiga-Prohaska, Roberto Collao and Pilar Parada.

Cobalt, an essential element for modern technologies such as non-conventional

renewable energy and electro mobility, is primarily sourced from the Democratic Republic

of Congo (130,000 MT/year), followed next by Indonesia (10,000 MT/year) and other

countries with lower productions (Russia, Australia, Canada), with Chile holding only

a  historical production between 1865 and 1944. Despite no reported production since

1944, Chile's copper mining tailings present an untapped resource. Studies conducted in

the El Teniente and Punta del Cobre districts reveal initially low cobalt concentrations,

but  significant increases during processing, attributed to cobalt's presence in pyrite.

In the El Teniente porphyry copper district, examination of old tailings shows modest

cobalt levels (15-20 ppm), with copper and molybdenum being the primary elements of

interest for reprocessing. However, further sampling within the reprocessing plant

demonstrates a tenfold increase in cobalt concentrations during the copper concentrate

cleaning stage, mainly found within pyrite. Similarly, studies in the Punta del Cobre IOCG

district reveal cobalt concentrations ranging from 50 to 300 ppm in tailing deposits, with

an average of 83 ppm. Cobalt concentrations also increase significantly during processing,

with cobalt in pyrite reaching levels of 1,000 to 4,000 ppm. Utilizing bioleaching, a  process

that also yields sulfuric acid, offers a promising alternative for cobalt recovery from pyrite.

Beyond the economic benefits, reducing or eliminating pyrite from final tailings

could mitigate environmental impacts. Given the potential for cobalt recovery from

IOCG deposits alone, Chile's production could potentially reach 10 to 15 KT/year,

providing  a  significant  contribution  to  global  cobalt supply.

In conclusion, Chile possesses untapped cobalt resources within its copper mining tailings,

with studies indicating the feasibility of cobalt recovery through innovative processing

methods. Harnessing these resources not only offers potential economic opportunities but

also aligns with environmental sustainability goals by reducing waste and environmental

impact.



8

Theme: Define/Extract

Poster abstracts

Pressure Leaching of  Ref ractor y Laterite Ores for Nickel 

a nd C o ba lt Recover y 9

G. Acquah , G.B. Abaka-Wood, P. Spiridonov,  J. Addai-Mensah, R. Asamoah

Understanding Ore Mineralog ica l and chemical Lim itations

in Wet and Dry Grinding: Implications of Ore Texture on

Comminution Processes 10

T. Amo s -  Jud ge, Dr . G. Abaka-Woo d, Assoc. Prof.  M . Zainin, Pro f. W. Skinn er ,  

Dr. R. Asamoah

Behaviour and deportment of rare earths  elements in 

copper smelter sl ags 11

Has san Gezzaz, Cristiana  L. Cio banu, Nigel J. Cook, Ka thy Ehrig

Sampli n g and Analysis of Ferruginous Gravels and 

Duricrust gol d deposits : A challenge for 

r epr esent ativeness 12

Dr   Iglesias-Martínez , Mario ; Dr  Espí,  José  Ant onio   &  Dr Salama, Walid 

A  prelimina ry  study to investigate  the  recovery of copper 

from complex low-grade ore : mo delli ng and o ptimization 

through Box -B ehnken des ign and response surface 

methodology 13

G.   Nguyen, T. Amos-Judge, G. Abaka-Wood

Liberation limi ts  for chalcopyrite f lo tation in conven tiona l 

and nov el flotation cells 14

D. N. Y. Nya rk o *, G. Abak a -Woo d, M. Zainin,  W. Sk inner, R. Asam o ah.



9

Pressure Leaching of Ref ractor y Laterite Ores for Nickel a nd

C o ba lt Recover y

G. Acquah , G.B. Abaka-Wood, P. Spiridonov,  J. Addai-Mensah, R. Asamoah

Uni versity of South Australi a, U ni  SA , Future I ndustries I n sti tu te, Mawson Lakes So uth

Australi a 5095.

The compl ex mi neral com p osi t i o n  of nickel l aterite ores poses chall enges for ex i st i n g 

atmospheric extracti o n  m ethods, leadi ng  t o a p reference for high -pressure  aci d  leaching.

Thi s method  is i ndustriall y desired owi ng to i ts hi g h metal extracti o ns .  I n  thi s study, a 

mi crowave reactor was em pl oyed to si mulate the condi t i on s  of a hi g h -pressure

autoclave system. The research ai m s to el ucidate the influence of el evated temperatures

and  pressures on th e ex t ra c t i o n  e f f i c i e n c y  o f  nickel and  cobalt from l a te ri t i c  nickel ores.

A dvanced a n a l yti ca l  techniques, such as X-ray di ffracti o n  (X RD) and i n d u cti vel y  coupl ed

pl asm a o p t i ca l  emi ssi on spectrometry (I C P-OES), were em pl oyed to i nvesti gate

the mi neral og i cal characteri stics and chemi stry of  the o res.
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Understanding Ore Mineralog ica l and chemical Lim itations in Wet

and Dry Grinding: Implications of Ore Texture on Comminution

Processes

T. Amo s - Jud ge*, Dr . G. Abaka-Woo d, Assoc. Prof. M . Zainin, Pro f. W. Skinn er , Dr. R.

Asamoah

Th e co mminution of ores, whether th rough wet or dry grinding methods, is a fu ndamen tal

aspect o f m iner al processing o perations. However, th e effectiveness of grinding pro cesses

is intricately linked to th e m ineralo gical and ch emical composition o f th e ore such as its

textu re. Com prehen sion o f the fund amental in terp lay b etween o re mineralo gy, composition,

and their im pact o n grinding per forman ce in bo th wet and dry environ ments is key to

enhan cing o re ben eficiatio n tech n ologies and efficiency. This paper ex am ine s the

limitation s imposed b y ore min eralo gical and ch em ical characteristics particu larly o r e

textu re and their implications on differen t comminution processes using m o del and r eal

sulph ide m in erals such as pyrite and chalcopy rite .  A dvanced an alytical tech n iques

inclu din g x-ray d iffraction spectrosco py (XRD), quan titative evalu ation of min erals by

scanning electron micro scop y (QEMSCAN), sca n nin g electron microscopy (SEM) will be

em p loy ed. Through a d eeper understand ing of the complex in teraction s between o re

prop erties and co mminution environments, this work contribu tes to the develo p ment o f

strateg ies for enhan cing o r e processing technolog ies and ad vancing sustainable m ineral

resource utilization .
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Behaviour and deportment of rare earths elements in copper

smelter sl ags

Has san Gezzaz1, Cristiana  L. Cio banu1, Nigel J. Cook1 , Ka thy Ehrig1 ,2

1 S chool of Chemical Engineering, The Univ ersity of Adelaide, Adelaide S. A. 5005,

Australia 2 B HP Olym pic Dam, 10 Franklin S treet, Ad elaide  S.A. 5000, Australia

Air-cooled sl ags from th e Olympic Dam (Sout h Australia) fl ash ( FF~135 0 °C ) and

el ectri c (EF~1300 °C )  furn aces c ontain magnetite, two types of glasses (early glas s1 and

late glass2), and minor copp er metal. Glass1 in both slags in ri cher in Si and rare earth

elements (REE): 6.9 and 5 wt.% La2 O3+Ce2O3 in FF and EF, respectively. Glass2

contains lowe r concent rations of the same elements. Mon azit e i s a mi nor phase

th roughout glass1 in both slags, occurring as nanoparticles (NPs) up t o a f ew mi crons in

size. Fayalite, absent in F F sla gs , forms a eutectic with glass1 in EF  slags, whereas

delafossite  ( ab sent  in  EF  slags)  forms  peritecti c  rims  on magnetite in FF slags.

Micron- to nanosc ale inv estigation focuses on un derstanding the dist ributi on and

d eportment of REE + yttrium (REY) in all main phas es ex cept delafossite and copp er. R EY

concentrations measured by lase r ablat ion inductively coupled -plasma mass

sp ectrom etry (LA - ICP -MS ) shows all p hases a re con sistently enriched in light REE

(LREE) over h ea vy REE (including Y), an observ ation partia lly att ributable to fine

particles or NPs of monazite withi n any of the  phases. Dela fossit e, too small to be analysed

by L A- ICP -MS, occurs as filaments throughout glass1. In addition, glass 1 also shows

n anomet re- s cale d roplets of amorph ous La-Ce-oxid e. Mean ΣREY concentrati ons are

31,043 (n=32 ) an d 13,717 ppm (n=108) i n EF/F F glass1, and 2,821 (n=34) and 3,236

(n=140) ppm in E F/F F glass2. Nonethel ess, m any ti me -resolv ed downhole LA- ICP -MS

profiles show smooth REE signals in glasses, implying these elements occur within the

glass an d not as monazite inclusi ons. B oth gl asses in the two slag types show reproducibl e

chond rite-n ormalised REY fractionati o n  patterns, with well -d efined positi ve Eu -anomalies

in glass2. In c ontrast, R E Y con centr ations in magnetite are low and hete rogeneous (mean

ΣREY 7.9-30.5 p pm , n=230; and 15-29.8 ppm, n=177, in EF  and FF, r especti vely ) .

Chondrite-normalised R EY fr actionation p att ern s for m agnetite displ ay a mark ed

upw ards concavity indicating mil d  H R E E  enrichment relative to glasses. Fayali te

(ΣR EY 5 2 ppm n=23) shows an even more pronounced upwards HREE tr end and

conspicuous Y enrichment relative to magnetite and glasses.

The  R EY  concent rati ons  in slag glasses reported h e re  a r e comp atible with  g rades of 

se condar y -REE-enriched o res. New kinetic models for monazite growth could provi de a

mechanism to coarsen mon azite grain -s ize, potentially enabling r ecovery o f REE from

sla gs. Funding: ARC LP200100156.
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Sampli n g and Analysis of Ferruginous Gravels and Duricrust gol d

deposits : A challenge for r epr esent ativeness

Dr   Iglesias-Martínez , Mario a; Dr  Espí,  José  Ant onio b  &  Dr Salama, Walid a

aCSIRO Mineral Resources, 26 Dick Perry Avenue, Kensington, WA, 6104, Australia,

bETSI Minas y Energía. Universidad Politécn ica de Madrid. C/ Ríos Rosas, 21. Madrid,
28003, Spain.

Gold co ncentrations in lateritic horizons have o ften been interpreted closer to the concept

o f  geochemical anomalies rather than economic deposits , contributing to uncertainty in

grade estimation and reso urce assessment. Lateritic gold deposits face substantial

challenges due to Fundamental Sampling (FSE) and Grouping and Segregation (GSE)

errors, complicating the critical process o f  m ining evaluati o n. These depo sits,

characterized by high heterogeneity and intricate gold  distribution,  present spatial  and

t extural  complexities, amplifying  result variability, especially in low-grade ranges. The

relatively small sam ple o btained from drilling m aterial , generally o f a few kilograms, is

insufficient to represent the true gold particle distributio n, so it is widely accepted that to

assess the grade of gold ores, samples will have to be large eno ugh to detect coarse gold

grains. Additionally, due to their friable nature, lateritic materials exhibit low overall

sample/core recovery v alues, ranging from 55 to 70%. In contrast, saprolite, transition

zone, and fresh rock horizons ty pically show m ean values o f 80%, 85%, and 94%,

respectively. Fire assay remains the m ost commo n analytical method for gold. However,

where coarse gold is present, the use of the Fire Assay is unrepresentative due to the small

quantities used for the tests. Despite the  variability reflecting the natural heterogeneity  of

gold  mineralization, leaching methods generally seem to increase grades and

co nsistency, especially in the lower ranges, typical o f  lateritic m ineralization (0 .5 to 1 .5

g/t Au). Intense artisanal m ining activity has been o bserved in areas defined as barren by

geochemical campaigns, revealing the disparity in results due to sampling and analytical

methods, i.e., pan “ analysis” for coarse gold and geochemical analysis o f fine fractions.

A comparison o f the two procedures examined a total of 314 samples from different

ho rizo ns o f a  lateritic profile in northern Gabo n. Statistical analys is o f  those duplicate

samples showed an extraordinary dis crepancy, with m inor correlation between the results

obtained by both methods. This case illustrates the impo rtance o f quality in the sam pling

procedures and the assessment of new domains with the lateritic gold deposits.
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A prelimina ry study to investigate the recovery of copper from

complex low-grade ore : mo delli ng and o ptimization through Box -

B ehnken des ign and response surface methodology

G.   Nguyen, T. Amos-Judge, G. Abaka-Wood

University of S out h  Aus tral ia, F uture Indust ries Insti tute, Mawso n  Lakes, S o u t h  Australi a.

This preliminary st udy explored an efficacious approac h t o recover copper from a compl ex

l ow -grade ore usi ng a combi nation of mi l ling and direct froth flotation process. B y

employing a B ox -Behnken experimental desi gn (BBD) and response surface m ethodology

(RSM), t he study determined the flotation parameters i ncluding pulp pH, collector dosage

and frother dosage, to achieve si gnificantly hi gher copper grade and recovery. In t hi s study,

P otassium amyl xanthate (PAX) and Methyl isobut yl carbinol (MIBC ) were employed as

collector and frot her, respectively. Through the use of BB D and R S M analysi s, it was

est abli shed that pulp pH, PAX dosage and MIB C dosage have signi ficant im pacts on copper

recovery and upgrade, where hi gh recoveries were obtained at pul p pH 11 a t increased PAX

dosage. F urthermore, insi ghts int o the behaviour of reagents i n flotation processes are

garnered, provi di ng valuable information for opt imi zing copper recovery and upgrade in

t he ore. B y elucidating t he interpl ay between pulp pH levels, collector dosage, and frother

dosage, this study contributes crucial i nsights to the fi eld of mineral processing. The

practical implications of these findings extend to the mi ni ng industry, facili t ati ng more

efficient  extraction  and  recovery  pro cess es  for  sus t ainable resource utilization.
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Liberation limi ts for chalcopyrite f lo tation in conven tiona l and

nov el flotation cells

D. N. Y. Nya rk o *, G. Abak a -Woo d, M. Zainin,  W. Sk inner, R. Asam o ah.

University o f Sou th Australia, Future Industries Institute, Mawson Lak es, SA 50 95,

Australia

Th e m ajor shortcomin g f or coarse p article f lotation in convention al flo tation ce lls is

d etach men t o f p articles f or bu b bles. Coarse composites are usually no t fully liberated to

expose mor e hydrophobic surfaces bu t rather expose mo re hydrop hilic phases cau sing th e

p ar ticles to b ehave at red u ced co ntact angle. T his f eature also reduces th e stability o f

bubble-p article attachmen t red ucing f lotation efficiency. T h e f loatability o f comp osite

p articles is co nting en t upon the r elative prop or tion s o f v arious ty pes o f v alu ab le an d

g an gue m in erals p resen t within them . Hence, alway s ex ists a cr u cial p ro portion o f v alu able

min eral essential to f lotation o f comp osite p articles. T h is work aim s to ex p ound th e

liberation limits o f a ch alco p yr ite o r e in a m echan ic ally agitated cell, id en tify ing th e

min imu m lib eration required to  flo at co arse  compo sites.
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Cr i ti cal metal signatures  of mine  wastes  produced from 

Australian volcanogenic  massive sul phi de  deposi ts

Rosie  Blannin, Allan Silv a  Gome s,  Kam  Bhowany,  Lexi K Ng, Laura Jackson, O livia 

M ejias, Anita  Parbhakar-Fox

Volcanogenic m assive sulphide (VMS) deposits are r enowned f or hosting base metals

(Cu, Pb, Zn) and precious m etals (Au, Ag). Critical metals such as Co, Mn, I n, Se, Bi, Te,

G a, G e  and Sb also occur in VMS mineralisation, and m ay be r ecovered as by - products . 

In t he past, cr itical m et als may have instead reporte d  t o t he residues from m ining and

processing ( e.g. tailings, waste r ock). T he high contents of sulphide m inerals,

particularly pyrite, in VMS deposits render s t he associated m ine wastes prone t o the

production of acid m ine drainage. Mitigation of these risks may be accomplished by re- 

processing the wastes t o r ecover critical metals hosted by sulphide minerals and producing

an inert residue. To achieve this requires a st rong understanding of the geochemistry,

mineralogy, and deportment of critical metals in the mine wast es.

Mine wastes produced from eight VMS deposits in Austr alia were sampled: M ount

M or gan and Thalanga in  Queensland,  Woodlawn and Tritton in  New South Wales,

Zeehan and  Bobadil in Tasmania, and Iron Blow and Mount Bonnie in the Norther n

Terr itory. Various types of mine waste were sampled, depending on t hose present at each

site , including t ailings, waste r ock, metallurgical waste (slag, heap leach residues), run- 

of-m ine piles, salt and sediments from mine waters.  The  geochemist ry of all samples

was measured  with inductively coupled plasma-optical em ission spectrometry or -mass

spectroscopy. The critical m etal endowment was assessed and around 10 samples

selected per site f or mineralog ical and m ineral chemist ry analyses, using  X-ray 

diffraction,  a utomated  mineralogy, and  laser  ablation  inductively coupled plasma

mass spectrometr y. Results f rom all sites were compare d  to invest igat e t he

occurr ence and mineralogical host s of critical m etals in different VMS deposits

across Austr alia, enabling a better understanding of the part itioning of critical metals into

mine waste st reams. This r esearch will al low f urt her t argeting of historic mine sites,

or even current operat ions, f or t he r ecovery of cr itical metals f rom m ine waste m aterials

derived  from  VMS deposits.
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Geoc hemical  ch aracterisations  of  east In donesi an  karstic 
sedi ments.  Sediment  so u rces and  processes,  and  the 
impli cations for pal aeoenviron mental  records

D r  M a t h e w  S. Forbe s M.S, D r  Fab ian  Boesl,  D r  Kasih N o rman ,  D r  Alex Wall, Associate  

P rofessor Tim Coh en ,  Professor  Rich ard  G. Roberts,  D r  Th om as Su kitna

Th i s stud y investigates the geoche mical signature of karstic sed imentary d epo sits located

on several islan d s across th e eastern In don esia arch ipelago (N u sa Ten garra), inclu d in g Rote,

Tim o r, Misool and Se ram. Th e aim of the  stud y is to reconstruct an environmental record

f rom these sed iments to contrib u te knowled ge to regio n al archa eo logical resea rch,

regard in g hu man migration pathways to Au stralasia. Ch ron olo gical investigation s ind icate

a p redo mi nately Late Pleistocene  - Holo cen e (<15 ka BP) sign atu re for th e sedimentary

d ep osits. A su ite of geo che mical tech n iques, in cludin g  grain size, mine ralogical,

geoche mical, an d stable isotopic (δ13C an d δ15N) analysis were ap p lied to character ise the
sedi me nts. Resu l ts i nd icate variabl e mixes of combin ed al logen ic a nd au togen i c inputs,

in cludi n g clay-silts an d li mestone , as well as organ ic m aterials such as gua no and surface

vegetatio n . These mixes appear to be dri ven p rimaril y by site location , geo morpho lo gy,

and local climate. Kaolin ite, calcite, m u scovite, an d quartz p redo minate the  clastic f raction;

however, secon d ar y m ineralisation, in the form of th e ph o sp h ate mine ral variscite and to a

l esser ex tent taranakite, i s evident. Th e se minerals are th e resu lt of autogeni c reaction s

betwee n gu an o and th e au th igenic clay, kaoli n ite and mu scovite u n d er l ow pH condition s

in th e cave system s. En rich e d δ15N sign als (>1 0 ‰) are common , and correlate with
secon d a ry p h o sph ate mine ral formations, derived from guano de posits. Organ ic m a t t e r 

δ13C values in d icate a d om inant C3 vegetatio n sign ature, which i s con sistent across th e

easter n island sites. T h is sign ature contrasts with th e m o re δ13C-dep leted sign atures that
have b een obser ved for cave sed iments in th e western p art of Ind one sia, sug gestin g w e t t e r 

climates in th at regi on . Trace elem ent ana lysis identifies l ocal Tertia ry siltstones and marls

as the likel y origin o f the fine clastic component, wherea s the san d and carb onate

compo n ents a re rel ated to localised b ed rock col lapses. Th e re is l i t t l e  evid e n ce for

volcan ically d er ived materials o r regiona l aeolian du st sou rces. Thu s, the pala eo-

environ mental history of the se d ep osits is affected predomi n antly by lo cal processes,

com b in ed with so me region a l environmental signatures that are qu ite ho mogeneou s whe n

com p ared to  records from  othe r, w e t t e r,  p arts o f  the  In don e sian  archipelago.
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Identification of non-c a rbonate sour ces of acid neutralisation 

capacity 

Hon . Prof . Andr ea Ger son1, Dr Paul W eber 2, Emeri t u s Prof. Roger Smar t 1, Dr Ros alin d

Gr een3

1 Blu e M ineral s Consu ltancy, Ta sman ia , Au stra lia 710 9, 2 M ine Wast e Managemen t ,

Christchu rch , New  Zealan d, 3  Techni cal,  Rio Tinto ,  Brisbane, Au st ra lia

Corre ct evaluati on of acid n eutra lisation cap acity (AN C) in m ine t ail ings is e ssen t ial

f o r d eve lop me nt of appropriat e closur e strategies for taili n gs sto rage fa cilit ies (TSFs) t hat

may be affecte d b y acid an d m etalliferous d rai n age (AMD ). It h as b een ob served, f o r a

sp ecific sit e , t h at ANC valu e s me asu red b y th e standard t it ration app roa ch are

signifi cantly great er t h an t h o se calcu lat ed u sin g tot al carb o n assays. Histor ically, A N C

h as b e en calculat ed, for t ailin g classifi cat io n at t his site , u sin g t ot al C. On examination of

fou r composit e taili n gs samp le s, it w as fou nd t h at all t he composite sample s w e re

d et ermin ed t o  b e p o tentially acid f o rm ing u sin g the cu rrent AM D classif icat io n system .

Calcul at ed ANC (using M g, Ca, N a, K  an d Mn con cen t rations bef or e or af t e r ANC  b a ck-

tit ra t ions) are in good agreeme nt  w i th the measu red AN C an d are app roximately double

tho se calcu lated usin g C assays. Quantitat i ve XRD analysis in d icates th at calcite is

comp letely disso lved f rom th e mineral assembla ge and approximately h alf o f th e chlo rite

is d issolved u p on ANC test ing, w h ich reason abl y accou nts f o r t he n on-carb o n ate ANC.

It is con clu d ed th at it w o u ld be appr opriate to ch an ge th e evalu at ion o f ANC f or t h e se

t ailings to i ncorporate t h e n on- carbon ate n eutralisat ion. The ch lorit e-b a sed

comp o n en t of t he ANC w ill p ro vide lon g-t er m a cid n e utr ali sation and t herefore fa st -

react ing calcite is st ill req u ired to be p resent un t il t h e pyrit e conten t h a s d ecreased

sufficiently t o  en a b le matchin g of the rates of neut ra lisatio n to acid productio n .  A new

classif icat ion syste m is p rop ose d, albe it requiring  ver ificat i on by a pp licat i on to a greater

nu mber o f t ai ls samp le s.
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The Levell ed Geochemical Baseline of Australia

Philip T. Main1, 2  and D avid C. Champion1

1 Geoscience Australia, GPO Box  378, Canberra, ACT 2601,  Australia,

2 philip.main@ga.gov.au

National- and regional-scale surface geochemistry data can provide valuable information

abo ut mineral prospectivity and geology of a country or region, and allow for informed

decision-making around environmental management. Whilst a number of regional

geochemistry surveys o f  v arying heritage exist across Australia, they currently stand as

individual surveys with limited ability to utilise with other surveys. To increase o ur

understanding o f  the surface o f Australia and aid in determining areas of mineral

prospectivity , a  decision was made to level each o f these individual surveys and thus create

a  unified levelled geochemical baseline o f Australia.

Levelling o f regional surveys can remove the analytically-introduced variation; however,

the majority o f t he survey areas are spatially isolated from o ne another. Fortunately,

Australia has a national-scale survey, the National Geochemical S urvey of Australia

(NGSA), which acts as a backbo ne interlinking each of the higher density regional surveys.

A pilot project released in 2020, utilised this approach to create a  levelled geochemical

baseline for the northern Australia . The pilot project highlighted several limitatio ns,

particularly the small number of chemical elements analysed fo r in historical regional

surveys. Ano ther limitation was the common absence of analytical data fo r reference

materials meaning the accuracy  and/or precision of  these surveys is unknown.

To address these shortcomings ~ 9 ,000 samples from historical regional survey s from

around Australia were reanalysed by o ne laboratory using modern analytical techniques to

produce a comprehensive suite o f analytes. The results for these surveys were then levelled

with recent regional geochemistry surveys (e.g., so uthern Thomson regional geochemistry

survey, Northern Australia Geochemical Survey) and the NGSA, to produce a national

geochemical baseline to which future geochemical surveys can be added.

Initial examination o f  this new  levelled Australia-wide dataset  has identified new areas of 

inte rest fo r rare earth element e nrichment. These areas o f interest were not  present in the 

o riginal dataset due to the limitations of the original analytical technique s. The new data 

allows  for examination o f  the mechanisms and so urce of these areas o f enrichment. These

initial findings demonstrate the power  o f bringing Australia’s historic archive of  samples 

up to mo dern standards, and the utility of levelling them to  create a seamless product.
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I s o t o p i c  fin ger p r i n t i n g in groundwater and r o c k s  of the 
Great A r t e s ia n  B a s i n :  c h a ra c t e r i s a t i o n  of s o u r c e  a q u i f e rs  
and hyd r o g e o l o g i c a l  c o n n e c t i v i t y 

Dr. Raiber, M.1, Dr. Hofmann, H.1, Dr. Suckow, A.2, Ransley, T.3, Dr. Wallace, L.3,

Evans, T.3, Dr. Martinez, J.43, Dr. Dupuy, M.1, Dr. Cendón, D.5, 6, Dr. Wu, G.1

1CSIRO Environment, Ecosciences Precinct, Dutton Park, Queensland, Australia,
2CSIRO Environment, Adelaide, South Australia, Australia, 3Geoscience Australia,

Symonston, Australian Capital Territory, Australia, 4Eco Logical Australia, Brisbane,

Queensland, Australia, 5Australian Nuclear Science and Technology Organisation

(ANSTO), Lucas Heights, New South Wales, Australia, 6School of Biological, Earth
and Environmental Sciences, University of New South Wales, Sydney, Australia

The Jurassic to Cretaceous Great Artesian Basin (GAB) covers approximately 1.7

million km2, corresponding to nearly 25% of the Australian continent, and is one
of the largest and most iconic aquifer systems in the world. The GAB is a complex

groundwater system composed of multiple sub-basins (Carpentaria, Clarence-

Moreton, Surat and Eromanga basins) and aquifer-aquitard sequences with

valuable groundwater resources in arid to semi-arid regions of central Australia.

Beneath the GAB lie Permian-Triassic sedimentary basins (e.g. Gallilee, Cooper

and Gunnedah basins), hosting economically significant coal and gas resources.

Understanding the locations and mechanisms of hydrogeological connections

between different aquifers, sedimentary basins or between groundwater and

surface water is crucial for water planning and management in complex

hydrogeological systems with many competing water resource users.

Over the last decade, as part of multiple research projects aiming to understand

recharge and connectivity processes, we have collected strontium isotopes

(87Sr/86Sr) from over 300 groundwater bores, collated existing groundwater
87Sr/86Sr data and analysed 87Sr/86Sr in whole-rock and partially digested rock
samples across different sub-basins of the GAB.

Our study demonstrated that there are distinct patterns of groundwater and whole-

rock 87Sr/86Sr in different hydrostratigraphic units within the GAB. For
example, Early Jurassic GAB formations generally exhibit higher (more

radiogenic) 87Sr/86Sr in groundwater and whole-rock than Late Jurassic to
Cretaceous formations. These systematic differences between different

formations indicate the utility of 87Sr/86Sr as a useful hydrostratigraphic and

chemostratigraphic tool in the GAB. Furthermore, 87Sr/86Sr shows limited
changes compared to other parameters (e.g., salinity, groundwater type or age

tracers such as 14C and 36Cl) along inferred flow paths from recharge areas to
deeper aquifers for most formations in most regions of the GAB, enhancing its

value as a fingerprinting tool to complement hydrochemistry.

Integration with complementary lines of geoscientific evidence, such as 3D
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geological models and geophysics, allows for a systematic assessment of

87Sr/86Sr in groundwater and rocks, enhancing our understanding of the
potential hydrogeological connectivity processes. This approach underpins

informed decision-making for groundwater management and resource

development in the GAB and adjacent basins.
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Hydrogeochemistry to define aquifer  baselines for mineral 
exploration

I. Schroder, N. Reid, R. Thorne, T. Evans

Hydrogeochemistry has grown in popularity as a non-invasive t echnique to quickly assess

a region and narr o w  the focus f or more targeted mineral exploration. As part of Geoscience

Austr alia’s Exploring for the Future program, w e present a new approach for applying

hydr ogeochemistry for more sensitive anomaly detection, using hydrogeochemistry

collected in t he wider Broken Hill region.

The Broken Hill region is extremely well-endowed with mineral systems, including t he

world-class Broken Hill Line of Lode ( Pb- Zn-Ag). Previous work from Geoscience

Austr alia and CRC LEME has already demonstrated the capability of hydrogeochemistry

to vector towards Pb-Zn mineralisation, which we r e-investigate here using new

geochemical baselines  to def ine  m ore sensitive, aquifer  specific  anomalies.

This approach char acterises hydrogeochemical baselines f or t he major aquifer systems of

the Broken Hill region (including t he Proterozoic fracture d  rock aquifers and t he

Eromanga, Darling, Murray, and Lake Eyre basins), using major, minor and trace element

hydr ogeochemistry. Several approaches have been used to define hydrogeochemical

baselines t o  date. Pre-selection methods filter a dataset t o remove cont aminated samples,

while st atistical approaches separate background and non - background populations via

st atistical t ests. However, these approaches are oft en limited by subjective thresholds and

apply t o single par ameters. The application of multivariate stat ist ics (and in particular

cluster analysis) present ed here addresses these issues by considering the variance in all

parameters and samples together, to build an understanding of the underlying

hydr ogeological processes and cluster geochemically related samples. These clusters ar e

then interpreted with respect t o independent ly assessed hydrostratigraphy t o  identify

subgroups, which we interpr et with high conf idence as being diagnost ic of specific aquifer

syst ems. Using physicochemical par ameters (i. e. T, EC, Eh) and st able isotopes, we

demonstrate the robustness and geochemical sensitivity of the defined aquifer subgroups .

These subgroups are then investigated for detecting geochemical anomalies r elating to base

metal mineralisation, by looking f or the confluence of geochemical outliers of pot ential

indicator  species (such as  Zn, Cu and δ34SSO4) wit hin t hese sub- populations.

The opportunity to apply this m ultivariat e baseline approach to target critical-m i n e r a l 

related syst ems, where groundwater is uniquely placed for distal det ection ( i.e. clay-host ed

REEs, evaporative brines, sediment-hosted deposits) will be  explored.
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A s s e s s i n g   g r o u n d w a t e r  t i m e  s c a l e s  a t  a n d  b ey o n d  

3 6 C l / C l  u s i n g 8 1 K r  a n d  ra d i o g e n i c  n o b l e  g a s  i s o t o p e s  i n   
A u s t r a l i a 

A xel O. Suckow, Alec D e s l a n d e s ,   C h r i s t o p h  Gerb er,   Punjehl Cran e, Cornelia 

Wilske, Matthias Raiber, Guo-Min Yang, Wei Jiang, Karina Meredith.

The arid and flat inland of Australia relies heavily on groundwater supplies with old

groundwater beyond the 14C timescale. Appropriate for determining these

timescales in  groundwater is 36Cl– a dating technique applied and developed in

Australia. Difficulties with interpretation of 36Cl/Cl relate to spatially variable initial

values and unknown possible temporal variations of 36Cl/Cl. For example, variations
in Earth’s magnetic field and paleoclimatic influences such as proximity to the coast

affect initial values.

Since 2016CSIRO Australia operates a facility to routinely measure noble gases,

adding two further elements with radiogenic isotopes in this time range(4Heand
40Ar).Furthermore, applications of81Kr become more and more routine at
CSIROsince2016,withsamples taken and purified at CSIRO and measured in Hefei.

The Australian ATTA facility at The  University of Adelaide will soon also routinely

measure81Kr. But for the near future, 36Cl will  be easier to sample and cheaper to

analyse than 81Kr.. The present study evaluates whether  the difficulties of 36Cl can

be mitigated by calibrating it with other tracers, especially the more reliable81Kr and

whether the timescales of 81Kr and 36Cl can be extended using the radiogenic noble
gas concentrations and isotopes. Studies from CSIRO  in the eastern Great Artesian

Basin(GAB)and published studies in the western  GAB resulted in a total of 49existing

samples combining81Kr and36Cl. Most of these samples also include noble gas
results. Therefore, this study  addresses the question: Is it possible to calibrate the

time dependent 36Cl input with 81Kr, use both to get a better understanding of the
sources of radiogenic isotopes and finally, possibly extend  the groundwater

timescales with helium and argon?

Regional differences in initial36Cl/Cl over Australia were compiled to create a map of

initial values of 36Cl/Clin groundwater using 14Cand 3H. The comparison between
81Kr and 36Cl suggests time variation in the 36Cl/Cl input, with a peak in36Cl/Cl at
81Kr activities of70-90pmKr. Our first analyses of radiogenic 40Ar in groundwaters,

for which 36Cl is at natural equilibrium, point towards a mechanism of sediment-
stored radiogenic argon released into these groundwaters.
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I n v e s t i g a t i n g   the metal leaching  and bioavailability  of copper -

rich tailings treated with a  de ep e u t e c t i c  solvent

J.  Symons1,  M. Whelan 1  and  G . Jenkin1

1  Centre for Sustai nable  Resource E x t r ac t i o n ,  University  of  Leicester,  Leicester

Tailings consist o f  finely-ground rock waste remaining after s e p a ratio n  o f the valuable

commo d i t ie s  from o re in mining o p e ratio n .  These wastes are o ften d i f f i c u l t  to remediate.

A novel class o f solvents known as deep e u tect i c  so lvents (DES) have been propo sed

as an alternati ve  to tradit io n a l  hydrometallurgical so lvents in the processing o f  metal

ore due to their unique solvometallurgical p ro p e r t ies and tunability. These solvents are

typically classed as environmentally benign due to high biodegradati o n  rates and low

toxicity. D ES have also been i d e nti f i e d  fo r use in the re-processing of mine waste to

facilitate reme d i ati o n  and to po te ntially extract a d d i t io n a l  metals from the waste.

However, the environmental consequences o f such a c t i v i t i e s   remain uncertain.

An experiment was conducted to investi gate the effects o f D ES in o n  the l i b e rati o n  and

availability o f  metals in copper rich tailings from the P hilippines. Tailings were leached

with a oxidati ve - D ES  solvent consisti n g  o f c hlorine chloride:ethylene glycol in  a

1:2 mo lar rati o . T h e D ES  was removed and the tailings washed with deionised water at two

contact t i m e s  (1 and 24 hrs) and in fixed So lid:Liquid rati o s  correspo nding to 1 , 2 .5 & 

5 years o f  average annual in-situ rainfall equivalent. An unleached tailings control

underwent the same s e q u e nt i a l  extract io n  process. Both leached and unleached material

under went s e q u e nt i a l  extract i o n s  (washings). A final aqueous and bioavailable

extract io n  was performed on the material at the end o f  the experiment to assess for long-

term leachability.

An increase  i n the amount of copper liberated in  leached  compared to  unleached  tailings

was observed across s e q u e nti a l  washings. Co pper concentratio n s  were also proport io n a l 

to DES concentrati o n s  at i ni t i a l  washings. A significant f ra c t i o n  of residual post-leach DES

remaining in the tailings was removed in subsequent extract io n s ,  suggesti n g  reduced

po tenti a l  for solvent retenti o n .  The recalcitrant copper f ract i o n  in DES-treated tailings was

lower than in the control sug gesti n g  that D ES may be useful as a long-term re me d i ati o n 

too l. However, there was no significant difference between the plant bioavailable

copper in DES-treated and control tailings. I n i t ia l  leaching o f copper is elevated in DES

leached tailings but no enhanced bioavailability and long-term elevated metal leaching

under  the rainfall scenarios used in this study was obser ved.
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Hydro-geochemical pers pec tives on hydroge ological pr ocesses

in th e arid to semi - arid Barwon – Darling-Baaka River reg io n , New

South Wales, Australia

Buckerfield, S.1, Walsh, C.1, Suckow, A.2, Raiber, M.2, McPherson, A.1, Buchanan,

S.1,Kilgour, P.1, Tan, K.1

1 Geoscience Australia, 2 Commonwealth Scientific and Industrial Research Organisation

As part of Geoscience Australia's Exploring for the Future Program, the Upper Darling

River Floodplain groundwater project has contributed to an improved understanding of

hydrogeological systems of the Barwon–Darling-Baaka River system in northwest New

South Wales, a region where a lack of water security impacts communities and the

environment, and limits future economic opportunities.

Key goals of the project were to assess the quality and extent of groundwater resources

within the alluvium of the Barwon–Darling-Baaka River system to provide a greater

knowledge base for supporting water management and enhanced drought resilience in the

region. Groundwater and surface water hydrochemical and isotopic data were used to

inform on aquifer characteristics, inter-aquifer and groundwater-surface water connectivity,

and groundwater recharge and discharge in this complex arid to semi-arid alluvial system.

Sixty-eight groundwater and twenty-one surface or rainwater samples were collected, and

selected sample suites were analysed for field parameters, major and trace ions, stable water

isotopes (δ18O, δ2H, δ13CDIC), strontium isotopes (87Sr/86Sr), radiocarbon (14C),

sulphur hexafluoride (SF6), chlorofluorocarbons (CFCs), tritium (3H), chlorine isotopes

(36Cl/Cl), noble gases (He, 3He/4He, Ne, Ar, Kr, Xe), and radon (222Rn).

Statistical clustering analysis of this new data in combination with historical datasets

identified three distinct hydrochemical facies: surface water and recently recharged low

salinity groundwater, saline alluvial groundwater, and groundwater associated with aquifers

of the Mesozoic Great Artesian Basin. Isotope and residence time tracer signatures revealed

spatial differences in recharge, groundwater-surface water connectivity, and inter-aquifer

connectivity between low salinity groundwater in hydraulic connection with the Darling-

Baaka River, and the saline groundwater systems that characterise most of the alluvium

throughout the study area.

Integrating this hydrochemical data with other geoscientific data and information provides

new insights into hydrogeological processes relevant to key water management issues

including controls on the distribution of low salinity groundwater, and identification of areas

at potential risk from impacts of saline groundwater.
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Cobalt environmental geoch emistry across Australian s urf a ce 
environments

Ow en P. Missen1, Stuart J. Mills 2, David Clases3, Thebny T . Mo ro 3,4, Edgar Eduardo

Villalobo s-P ortillo5, Hiram Castillo -Michel6, Raquel Gonzalez de Vega3, Thomas E.

Lockwood7, Sibele C. Nascimento8, Anita Parbhakar-Fo x 8, Julie Hunt1 and Dav id R.

Cooke1

1 Centre for Ore De posit and Earth Sciences, University o f  Tasmania, Ho bart, T AS 7001,

Aust ralia, 2 Geosciences, Museums Victoria, M elbourne, VIC 3001, Australia, 3 Institute of

Chemistry, University o f Graz, Graz, AT-8010, Austria, 4 De partamento de Química,

Cam pus Trindade, Universidade Federal de Sant a Catarina, Flo rianó polis, SC 88040-900,

Brazil, 5 ALBA Synchrotron, Ce rdanyola del Valle s, Barcelona E-0 8290, Spain, 6 Europe an

Synchrotron Radiatio n Facility, Grenoble, Cedex 9, F-38043 France, 7 Hyphenated Mass

Spectrometry Lab, University o f Technolo gy Sydney, NSW 2 007, Australia, 8 Sustainable

M inerals Institute, The University of Q ueensland, Indo o roo pilly, QLD  4068, Australia

Co balt (Co) is a  ke y critical metal both in Aust ralia and globally. Australia is in t he to p

t hree countries fo r global cobalt reserves (ov er 1.5 m illio n tonnes), but  currently  only

produces ~5000 tonnes per year. As fo r m any critical metals, t he e nviro nm e ntal cycling o f

co balt in weathering environments is poorly co nst rained. A better understanding of cobalt

cycling allows us to understand which proc esses enrich co balt in natural and anthropogenic

site s and m ay lead t o improved processing pathways to extract co balt from waste m ine

proc essing streams .  To help address this we are examining cobalt mineralogy and

t ransformation reactions in t he o x idation zones of several Australian deposits. Regolith

and rock sam ples were co llected from t he pyrite-hoste d Broken Hill c obalt pro ject, NSW;

co balt sulf-arsenide deposits at M t  Co balt and Queen Sally, Queensland; lateritic iro n-

manganese o x ide-ho s ted c o balt from two localities in the Redbank Copper Project, NT and

the siderite-hosted Young’s cobalt prospect in So uth Australia. Fresh rock and crushed

and w eathered sample s de rived from the py rite-rich Mt Lye ll m ine in w estern Tasmania,

including samples fro m the m o dern t ailings dam and t he histo ric sedim ent banks and

delta o f the K ing River were also examined. Single particle inductively coupled plasm a

m a s s  s pectrometry ( SP -ICPMS) was employed to determine the num ber and m a s s  o f 

cobalt-based nanoparticles in the regolit h and laser ablation ICP MS (LA-ICPMS) w as

used to determine t he co ncentratio n and e lemental distribution o f  cobalt in sulfides

from Mt Lyell. X -ray fluorescence m apping and X-ray Absorption Near Edge

Spectrosco py (XANES) were conducted  at the ID2 1 beamline o f the Euro pean

Synchrotron R adiation Facility (ESRF) to analyse co balt e lemental distribution and

o x idation state in the regolith. Together, these techniques show that cobalt is cycled

dynamically from so luble through to o xide nano particle forms. A strong nano scale

association   between  cobalt  and m anganese was observed fo r m any o f the  deposit types.
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A geochemical bas eline sur vey of ur ban soils in Wellington, New
Zealand

Ms. R. Morgenstern, Dr. A.P. M a r t i n ,  Dr. R.E. Turnbull, Ms. C. Doogue, Assoc. Prof. K. 

Norton, Dr. M.S. Rattenbury, Dr. K.M. Rogers

The fi rst geochemical baseline sur vey o f urban so ils in Wellington –  New Zealand’s third

largest city and capital –  reveals chemical variat i o n  o f the so il the city is built upo n and

how urbanisati o n  has impacted the natural geochemical baseline . Urbanised land

(residential and commercial propert ies) and a variety of less disturbed land use ty pes ( parks,

forests, agricultural pasture) were sampled at 151 sites. At each site a hand auger was used

to sample the surficial O-depth (0-2 c m) and a shallow A -depth (2 -20 cm). Several deeper

B -depth (50-70 cm) samples were also collected. Samples were dried, sieved to <2 mm

and split, before  being analysed for a  suite o f 65 elements using aqua regia di gestio n  and

inductively  couple d  p l a s m a  mass spectrometry. T he relative ly monolithologic geology

o f the area, Mesozo ic quartzo feldspathic greywacke and Quaternary sediments largely

derived from them, has limited influence o n  the variability o f element concentrati o n  and

no o bv ious correlations exist between analyte enrichment and so il o rder. However,

d i sti n c t  geochemical differences are obser ved in so ils from less disturbed

environments compared with soils where anthropogenic land uses prevail. Soils in urban

areas and proximal to some major highways, especially in the shallower so il profile, show

elevated levels of Ag, Au, Ba, P, Sb and Sn, as well as the heavy metals As, Cd, Cr, Cu,

Hg , P b and Zn which are potenti a l l y  harmful to human health. Higher concentrations are

part i c u l a r ly  pronounced in l o cat i o n s  that have the longest histor y o f  European settlement,

commencing in the mid-1800s, and industrialisation. At 2 3 sites P b, As and/or Cd

exceeded the mo st restrictive category in the M inistry for the Environment soil

co ntamination standards . Median Pb, As and Zn values are above baseline values

established for New Zealand and global soils but are below those observed in D unedin City.

Elevated heavy metals in the urban soils o f  Wellington are attributed to contaminati o n  as

a  direct result o f anthropogenic a c t iv i t i e s .  T his survey provides a baseline for assessing

and monitoring the level o f  environmental contamination and po tenti a l  related human

health  impacts  in this majo r urban centre.
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Upper King River Managed Aquifer R e c h a r g e  
H y d r o g e o c h e m i st r y  I nv est i gat i o n 

Pr i e st l e y,  S . 1 ,  Gro v e s,  H.2, Page, D.1, Vanderzalm, J.1, Kim, S . 1 ,  D e s l a n d e s,  A .1,

L amon tagne, S . 1 ,  Barr y, K.1, C u r r i e,  S . 1 ,  S e i d l ,  C. 1 , 3 

1. C S I R O  Environment, Glen O s m o n d ,  S A ,  A u s t ra l i a ,  2. Department of
Environment, Pa r k s  and Water S e c u r i t y,  Nort hern Territor y Government, Dar win, NT,

A u st ra l i a ,  3. S c h o o l  of E c o n o m i c  and Pu b l i c  Po l i c y,  Fa c u l t y  of A r t s,  B u s i n e s s ,  L aw
and E c o n o m i c s ,  U n i v e r s it y  of Adelaide, Adelaid e, S A ,  A u st ra l i a 

Groundwater in the Northern Territory o f Australia plays a key role in the economic
development of a uniquely remote and environmentally dynamic landscape. However,
water resources are already fully allocated in many regions, limi t in g  agricultural economic
development. Recent studies have highlighted that the Katherine region is an area that
would benefit fro m a d di t i o na l  water supply to increase water availability and security for
local irrigators and the environment. Managed aquifer recharge (MAR) allows water to be
stored long-term underground for supply during dr y and drought years, or to smoo th the
seaso nal availability of water.

The upper King River MAR inve st igat i o n  aims to progress t he assess ment o f  an Aquifer
Storage Transfer and Recovery scheme in the Katherine region of the Northern Territory.
Projects such as this are es s e nti a l  to building drought resilience and underpinning growth
in regional economies in a sustainable manner.

MAR scheme assessment is undertaken in accordance with the risk-based framework of
the Australian Water Recycling Guidelines: Managed Aquifer Recharge (‘MAR
Guidelines’). Several i nve st igat i o n s  and field studies are being undertaken to ensure risks
to huma n health and the env ironment are reduced to an acceptable level prior to progressing
to a  trial. These investi gat io n s  include chemical and physical characterisation of the source
water (King River) and target storage aquifer (T indall Limestone Aquifer).

To do t his, a nested piezometer monitoring network perpendicular to the King River has
been installed to improve understanding o f the Tindall Limestone Aquifer at the lo cation  o f 
t he p o tenti a l  MAR scheme. Characteristics o f  the Tindall Limestone Aquifer, s uch as
mineralogy, geochemistry, yield, transmissivity and storati v i ty etc., are being determined
through a drilling program and subsequent aquifer testi n g  program.

A groundwater monitoring program has also commenced following drilling to establish
baseline groundwater quality parameters. A dd i t io n a l  environmental tracer sampling is
being used to characterise Tindall Limestone Aquifer, including understanding recharge,
geochemical re a c t io n s ,  heterogeneity within and river-aquifer connect iv i ty.

Finally, these inve sti gatio n s  will inform a pre -commissioning residual risk assessment to
i d e nti f y  risks and appropriate preventative measures to reduce risks to an acceptable level.
Where the p o tenti a l  scheme was o f low residual risk, it may then proceed to a trial MAR
scheme.
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Th e forensic compa rison of trace amount s of ea rth materials

us ing geochem ical and synchrotron X-ra y diffra ction techniques

in hom ici d e investigations

Robert F itzpatr ick 1,2,3, M ark Raven1,3  an d Peter  Se lf1,3

1Centre for Australian Fore ns ic Soil Scienc e (C AFS S), 2Scho ol of Bio lo gica l Sc ien ces,

The University of Adel aide. 2 CSI RO Mineral Resources , Wa ite C ampus Locked Ba g 2
Urrbrae, South Australia, 50 64, Em a il: ro bert.fitzpa trick@ad elai de.edu.a u a nd

ro b.fitz patric k @c siro.au; mark.raven@csiro .au;  pete r .self@csiro. au;

Earth mat erials s uch as s oi l s , rock s , minera ls an d hum an-ma de mineral part icles l i k e bricks

provide excel lent evid ence to link crimina ls to cri me sc enes. Thro ugh two invest ig ations

involv ing a cold murder in 1988 and homicide in 2 00 7 t his paper w ill d emo nstrate how

combined pe dolog ical, trad i tional laborat ory X-ray dif fraction (XRD), sy nchrotro n XRD

and Scanning Electron Microsc opy ( SEM) have been crit ical in devel oping re liable forensic

infor mation, from landsc ape to microsc opic s c ales , to help i n fore nsic inv es tigatio ns, which

were use d as evi dence  in  t wo Australian  Suprem e Co urts.

In th e 1988 cold murder c a s e, trace amounts of so il w ere identif ied on a 10 year old v ictim’s

pyj ama-top. Synchrotr on µ -XRD prov ided gre ater s en s itivity a nd reso lut ion than t he

lab oratory X RD sourc e t o better iden tify sm al l amou nts of pyrit e and clay minera ls on th e

pyj ama-top. The so il samp l es in t he pyj ama-top ha d a str ong degree of co mpara bility w ith

subaqueous s o ils co nta inin g pyrite in the O nkapar inga R iver estu ary – providi ng evidence

that the so ils h ave similar o rigins. S EM confirmed t hat the min eral part icles are deeply

impre gnated in gaps betwe en fibres of the fabr ic, wh ich likely or iginated u nder wa ter wit h

force being applied on t he pyjama-top – imp lying th e victim was pus hed int o th e mud.

This was substant iat ed fr om tra ns ference sh aking exper iments wh ere miner al partic le s are

dominantly locat ed o n th e s urface of the fabr ic . The accused was fo und guilty by a Suprem e

Court j ud ge o f mur der.

The 2007 murd er invest igat ion invo lved co mparing sm all (<0.5 mm d ia meter) r e d brick

fragments an d soil o n th e victim’s cloth ing (ma inly bra) and body (m ain ly h air) to a

c ollect ion of old br ick pavers in the front yard of th e victim’s home – eve n to on e specific

ty p e of bric k. While trad itional XRD techn iques were adequat e for determi ning th e

mineralogy of the sm al l red brick frag men ts, synchrotron XRD w ith hi gh X-ray i ntensity

was fo und to pr ovi de gre ater sensitivity and resoluti on t o quantify t he mineralogy of

polycry s talline minerals (cristobalite and mullite). T h e jud ge concluded that t he

minera log y of the brick fragments on the victim’s clothing and brick s from he r fr ont

drive way i nd icated th at she w as initially att ack ed in her fron t yard and not at Kings P ark

where h er body was b urie d .
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Evidence-based solutions for improving equity, diversity and

accessibility in geochemistry

E. Martin1, M. Finch1, A. Olesch-Byrne1, R. Dew1, C. Tiddy1, L. Lynham1, F. Mallea

Lillo1, K. Bhowany1, M. Styles1, N. Madhukumar1  and Y. Bokhari Friberg1

1Women in Earth and Environmental Sciences Australasia Network

Diversity and inclusion in the workplace optimise performance through the input of a range

of perspectives and approaches that drive innovation. However, gender inequity is prevalent

in STEM, and women remain underrepresented in geosciences including geochemistry.

In tertiary geoscience education globally, there is an approximately even gender split that

persists into research degrees. However, the number of women begins to decrease from

workforce entry, becoming progressively worse at higher levels. In academia, this presents

as the “leaky pipeline” where the gender split at postdoctoral levels (often short-term fixed

contract) is relatively even and there is a sharp decline in women entering continuing

(tenured) positions and going on to senior (Professor) levels. In the minerals industry, the

most male-dominated industry in Australia comprising only 21% women, most women are

in non-geoscience roles. In mining, there is a strong divergence in the proportion of men and

women at increasingly senior levels, with 92% of CEO positions held by men.

Research into the causes of the “leaky pipeline” reveals that there are numerous contributing

factors including unconscious bias against women, lack of role models, workplace

arrangements that don’t suit mothers, barriers to awards and jobs, unequal access to parental

leave, bad experiences during fieldwork and sexual assault and harassment.

The elimination of sexual assault and harassment through the pervasive implementation of

recommendations handed down from Parliamentary inquiries and institutional and corporate

investigations is essential for creating a safe space for women in geochemistry.

Communication and implementation of best-practice, evidence-based approaches, and

solutions to the many other factors contributing to the loss of women from geoscience will

be valuable in creating positive change. Improved efforts to understand and address the

reasons why women leave geoscience careers will help to repair the “leaky pipeline”.
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Sus tai nab l e and Resp onsi ble Prac tices i n A ustr alia

Pe tts,  A.1, M art in,  E.2  Tiddy,  C.3,  V illa cort a, S.P.4,5 Han d le y,  H.6,7

1 Geological Survey of South Australia; correspo nding author email:

Anna.Petts@sa.gov.au, 2. IGO, 3. Future Industries Institute, University of So uth

Aust ralia, Mawson Lakes, Australia 4. CSIRO 5. Charles Darwin University,

D epartment o f  Applied Earth Sciences, University of Twente , Enschede, t he Netherlands,

7. Scho o l of Earth, Atmosphere and E nv iro nme nt, Mo nash University, Clayton, Australia

Au st r ali a b oa sts a robu st minera l and en ergy resources se ctor whe re geochem ist ry p la ys

a vit al role in var ious st ages of mine ra l d ep o sit explo ration , ch ara cteri sation, p ro cessing

an d en vir o nmental rehabilitatio n . Th e conti nu al evolu t ion of geoch em ical ana lyt ical t o ol s

an d met hod o logies h as significant ly inf lue n ced in du stry gro wth , emplo yment

op p ortu n iti es an d resear ch ad vancements. How e ver, Australia’s h eavy r elian ce on

explo rat ion and min in g for econ om ic pro sperit y raises con cern s regard in g social

accep t ance, p art icularly with  respe ct to p ot ent ial con f lict s w ith land u se su ch a s agricultural

areas  or  r egions  d ependent   on  n atu ral resou r ces.

Th i s p resentation e xplores th e interdependence betw e en geoethics an d app l ied

geo ch em istry, e mphasizing t he ethical d ilemmas a n d b e st p ract ices asso ciat ed w i th

en vir o nmental steward ship and resou r ce e xt ra ctio n . Ou r f o cus lies o n the p ivo t al roles

o f ed u cation , p o li cy f ormulat ion, and t h e n ation al persp e cti ve in driving 

su st a in ab le geo ch em ical p ract ices forw ar d . By d rawing  o n t he IAP G Wh it e P a per on

Resp on sibl e M ining, w e p rop o se establishing a f r amewo rk for fosterin g et h ical

consciou sness an d informed d ecisio n -makin g w ithi n t h e A u st ral ian geochemistr y 

communit y. Responsib l e mi n ing, as ou t line d in t h e IAPG Whit e P aper, entails

co mmit me nts t o e n viron men t al p reser vat ion , commu n ity en gagem ent, and eth ical

conduct .

In th is conte xt, ge o chemical meth odolo gi es p lay a cru cial role in mitigating

e n vir onmental imp a cts and f acili t ati n g responsible resou rce management.  Key pract ices

inclu d e cond u cting comp r ehensive geoch emical assessmen t s to identify p ote ntia l

environmental r isks, en gaging local comm u niti es t o address the ir concerns a nd n e ed s, and

l eve ragin g geoche mical d at a t o d evise su st ain ab le e xtractio n strategies. T ransparen cy,

su ppo rt for l ocal e con o mies and con t r ibutio n s to con servatio n effo rts are integr al

comp o n en t s of thi s app roa ch.

Ult imat e ly, align in g applied geochemistry  w ith  re spo n sible  activities  acro ss  t h e min erals

value chai n en deavo u rs to strike a b alan ce b etween m ineral r esource exploit ation,

e n vir onmental p re ser vat io n and societ al w e llbe ing, t hereb y e n surin g that the mi n ing

indu st ry  contr ibutes p osit ively to glo b al sustainable development  go als.
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Geochemical field t raining as a part of international research

cooperation  to promote the green tra ns i tion in Estonia

Pertti  Sarala 1*, Heikki  Bauert 2, Kairi  Põldsaar2

1Oulu Min ing School, University o f Ou lu , 90014 Oulun yliopisto , Finlan d *Presentin g

au tho r: pertti.sarala@oulu .fi, 2Estonian Geo lo gical Survey, Tallinn,  Estonia

The EGT-TWINN project aims t o  enhance research and t echnical capacity at the Geol ogi cal

Sur vey of Estonia (EGT) to accelerate Estonia transition from fossi l fuel energy to green

energy. The project will contribute to the development of multidisciplinary research and

innovation in geological studies in Estonia and enables EGT to enhance the scientific

excellence of its personnel and to collaborate with expert s from leading international

rese arch inst ituti ons. One of the project priorities is t o support early -career researchers at

EGT in t he geology fi elds crucial to  Estonia.

The capacity building will mainly be focused on developi ng state -of-the-art geological,

geochemi cal , and geophysical survey skills, data management workfl ows, and subsurface

modelling capability for the expl orati on. An aim is to promote  the geological resource

assessment of European critical r aw materi als but also geothermal energy as a fut ure

potential green energy source for Estonia. The EGT geological capacity enhancement wi ll

be implemented vi a range of j oi nt acti vities such as knowledge exchange and scientific

conferences as wel l as thr ough t he delivery of targeted training programmes provided by

t hree leadi ng geological surveys in Europe – the Geological Surve ys of Finland (GTK) and

Denmark (GEUS) , and t he British Geological Survey (UKRI/BGS) . A further part ner is

t he Oulu Mining School (OMS) fr om the University of Oulu, whi ch provi des fi eld

technique training for surficial geochemical exploration as well as a uni que state-of-the-art

platform for mining -related research and education.

One of the field training cour ses , organized by OMS , focus es on a multidisciplinary

appr oach to mi neral expl oration in the glaciated terrain. It highli ghts in practical ways how

(i) sampli ng and different field sur vey techniques commonly can be use d in generative

greenfield exploration campaigns i n the glaciated , tr ansport ed cover and (i i) understandi ng

of geochemistry , indicator mi nerals and the use of surfi cial deposits i n ore exploration. The

import ance of understanding the regional geological framework is a major theme during

the course . Furthermore, the dispersi on mechanisms of elements in different gl acigenic

environments are de scribed. The use of on-si te geochemical and mineralogical analysers ,

mobil e metal ion -based techniques and geophysi cal survey methods a re included in the

course contents. This project is f unded by the Horizon Europe, Gr ant Agreement no.

101079459.
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