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R ar e ear t h el ement bear i ng phosphate c hemi st r y : Devel opi ng a

tool  for  i r on sul fi de-c opper- gol d ex p l o r a t io n 

Trav is Batch1 ,2 , Caroline Tidd y 1 ,2 , A d rien n e  Broto d ew o 1 ,2 , Dav id Giles 1 ,2 , M ichael

Tay lor3 , Vaclav M etelk a3

1.F u tu re I n d u s t rie s I n s titu te , U n iv e rs ity of S o u th A u s tralia, M aw s o n Lak e s , S o u th

A u s tralia 2.M in e ral Ex p loration Coo p e rativ e Re s e arch Ce n tre , U n iv e rs ity of S o u th

A u s tralia, M aw s o n Lak e s , S o u th A u s tralia, 3.A I C M in e s  Ltd. ,  S u b iaco, We s t e rn

A u s tralia.

Exp lo ration tech n iq u es to comb at the d eclining rates and  in creas in g cos t  of b ase metal 

disco very are n eed ed to meet th e  tran sition to a green en ergy f u tu re, includ ing meth o d s to

increase  t h e effec tive s ize of d etectable dep o s it fo o tp rin ts , particularly in region s w h ere

th ick  s ed imentary co v er bu ries p ros p ectiv e b asement rock s .

The che m istry o f rare e arth e le m e n t  ( REE) - b e aring ph o s p h ate re s is tate mine rals

( mo n azite ,  rhabd o p h an e ) are u s e d to ind icate p rox imity to a mine ralis e d s y s te m or as a

p o te n tial in d icator o f p e rmiss iv e n e s s  w h ere re s istate  mine rals are  e n train e d  in th e co v e r

mate rial  ab o ve  mine ral s y s t e ms . 

The J e richo and  K u ltho r iron s u lf ide - cop p e r- gold ( I S CG )  d e p o s its in th e Clon curry

Dis trict, Qu e e n s land , are us e d  as cas e s tu d ie s .  A t  K u ltho r, hy d rothe rmal REE- b e aring

p h o s p h ate s  ass o ciate d  w ith mine ralis ation are characte rise d by e le v ate d  light  REE

( e x ce p t Ce ) and S and  d e p le t e d Ca, Th an d U con ce n tration s comp are d to s amp le s  w ith

n o d ire ct as s o ciatio n w ith mine ralisation . Hy d roth e rmal REE- p h o s p h ate s  as s ociat ed w ith

min e ralis ation at J e richo p re s e rv e e le v ate d Ca, S and  Eu , and  d e p le t e d  Th and  U comp are d 

to b arre n me tamo rph ic REE- p h o s p h ate s . M o n azite ( REEP O 4 ) is th e p rinciple REE- 

b e aring p h o s p h ate mine ral at K u ltho r, w h ile rhab d o p h ane ( REEP O 4 · nH2 O ) ,  a

h y d rate d ,  low  te m p e rature mine ral, is th e main REE- b e aring ph o s p h ate f o u n d w ithin

mine ralisation at J e richo.  M o lar ratio s o f  C a/ Th and  S/ Th  can  b e  u s e d to d istin gu ish 

be tw e e n grain s as s o ciate d w ith mine ralisation an d grain s that are  o u t s ide of th e

mine ralise d  zo n e at b o th I S CG d e p o s its . M o re o v e r, o n go ing  inv e s tigation s s u gge s t  th at

the s e  ratios can s e rv e  as d iscriminativ e in d icators f o r d isting u ish ing  REE- p h o s p h ate s

link e d  to I S C G mine ralization f ro m thos e as s o ciate d w ith iron ox ide -cop p e r- go ld ( I O C G )

d e p o s its .
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Trac e eleme nt compositions of mic ro incl usions  ext rac ted fro m  

mixed LA ICPM S signals

Iv an Belousov*  1 ,  2 , Axel Cim a2 , Leonid Danyushevsky3

1 CODES Analytical Laboratories, University o f Tasman ia, 2  CODES, Schoo l o f Natur al 
Sciences,  Univer sity o f Tasmania 2  Frien dly Solution s, Tasman ia, * 
ivan.b elou sov@utas.edu .au

Micro-inclusions in mi nerals car ry valuabl e info rmation on co- crystall isi ng assemblages

in magmatic rocks or on the conditions of formation of the host minerals in

alteration assemblages. They are o ften too small to obtain confident analyses by L A

ICPMS but ar e frequentl y ablated acci dentally when analysin g host mi nerals for

mineral chemi stry or geochronology. Currentl y they are most ly excluded from the

int egratio n int ervals at data reduction stage, but such mi xed analyses have potential to

extract trace el e ment compositions of mi cro-inclusi ons ke ep ing in mi nd that c are sh ould

be taken du e to dif feren ces in matrix effe cts between the host mineral and micro-

inclus ions, differenc es in elements that can be used as internal standards for quanti fication,

and other sim il ar issues.

We pres ent exampl es of the extract ed composit ions of mi cro -inclusions from two

differ ent environments – m agma ti c and hyd rothermal . The first exampl e is t he

tra ce element compositions of apatite inclusi ons in zir cons. C o-crystallising ap atite

and ti tanite c an potentially influence the extents of Ce and Eu anomalies displ ayed by

zircon, and therefo re influence esti mates of m agma oxidation c alculate d based on zir con

compo sit ions and used to estimate prospecti vit y of magmas to produce p orphyry Cu

deposits . Therefo re, studying compositions of co -crystalli sing mi nerals should im prove

targeting outc omes.  The second example is th e compositions of rutile and ti tanite

inclusions in chlorite and epidote. The latte r two alteration miner als a re often used for

v ectorin g and fertili ty st udies dur ing exploration for porphyry C u deposits with Ti being

one of the elements used for v ec tor ing. Therefo re, Ti bearing inclusi ons can affect the

vectoring conclusi ons and a re thus exclud ed from integr ations intervals, but their

comp os it ions could carry vectoring i nformation as  well .

We explor e an appro ach used to deconvolute mi xed signals during analy sis of

framboidal pyrites and an app roach t hat involves utili sing individual readings within the

LA ICP MS signal to project towards the ma jor element composition of micro -inclusion and

to quantify their trac e element composit ions. We compare our result s with the composit ions

measured independentl y using EP MA and LA ICPMS on inclusions t hat were la rge enough

for  co nfident analyses.
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Sulfide and  Fe-Ti- P liquid  immiscibilit y  in the Ni-Cu-Co Ovoid  

deposit  of  the Voisey’s Bay  complex,  Labrador,  Canada

Stefano Caruso  1,2*, Margaux  Le Vaillant  1, Stephen J. Barnes  1 , Ville  J. Virtanen  3,4, 

Giada Iacono- Marziano  3

1  CSIRO  Mineral  Resources,  26 Dick Perry Avenue, Kensington,  We stern Australia  

6151, Australia, 2  Centre  f or Ex pl o rat i o n   T a r ge t i n g,   University of  Western Australia,  

P erth, We stern Australi a  6009, Australia, 3  Centre  N a t i o n al   de la Recherche Sci e n ti f i que ,  

Orleans  45071, France, 4  D epartment  of Ge osciences and Geography,  Unive rsity of 
Helsinki, Helsinki 0 0560, Finland

Hydrous silicate rims are de veloped at the i nterface be tween the sulfide matrix and

the silic ate f ramework of m a g m at i c  br eccias within the Mesoproterozoic Voi sey's Bay

complex. These sulfide-matrix breccias developed through the p e r c o l a t i o n  of de nse

sulfide m elt, leading to the displacement of the sili cate melt w ithin p a r t i a l l y  mol ten

silicate-matrix breccias. M u l t i p l e  lines of evide nce support a m a gm at i c  origin of the

ho rnblende-bio t ite  rims, whi ch was l argely coeval w ith the emplacement of the sulfide

melt in the m a g m at i c  breccias. The f or m a t i o n  of the re a c t i v e  ho rnblende-bio t it e  requir ed

the a d d i t i o n  of alk alies and water that c ould not have e nt i r e l y  be en sourced from either

the sulfide melt or the silic ate f ramework. Through the i n t e g r at i o n  of co m p o s it i o n al 

m aps w ith m ajor and trace element analyses of the main acce ssory mi nerals, w e pr opose

that the c r i t i c a l  components required for the development of the hydrous silicate

ri ms in sulfide-matrix bre ccias originated from an immiscible Fe-Ti-P melt. Di s t i n c t 

textural and c om p os i t i o n a l  features of a p at i t e ,  hercynite, ilmenite and m a g n e t i t e  support

the presence of small amounts of Fe -Ti-P melt in the sulfide melt. This Fe-Ti-P mel t

likel y formed through melt immisci bility i n the early stages of the devel opment of the

Voise y's Bay c omplex, and was transported in the magma conduits together wi th the

sulfide melt. The r e c o g n i t i o n  of spe cific trace-element signatures in a p a t i t e  and oxides

tracing the e v o l u t i o n  of a m inerali zed system, reinforces the p o t e n t i a l  of de trital mi nerals

as  e ffe c t i ve   t a r ge t i n g   tool  in  the  e x p l o r a t i o n   for  new  Ni-Cu-Co m a g m a t i c   deposits.
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Ore to  metal:  tracking c riti cal  minerals  i n   t h e Ol ympic  Dam  Cu - 
U-Au-A g mining - processing- refining op eration ,  South Australia

Nigel J. Cook1, C r i st i a n a  L. Ciob anu 1, Kathy Ehrig 1,2, Hassan Gez zaz1, Yuri Rodriguez - 

Campo1,  Samuel Kin g1

1School of Chemical Engineering, The University of Adelaide, Adelaide S. A. 50 05 ,

Australia, 2BHP  Olympic  D am, 10 Frankli n Street, Adelaide S. A.  50 0 0 ,  Australia

Min i n g - smelt in g-refin ing o p erat i on s  at Olympic Dam p rodu ce copp er cathod es, U 3O8

con centrate, gold and silver bullion. Ores f rom the >1 0 billion tonne  dep osit also hosts trace

con c e ntration s  of several elements that fall with in the d ef i ni t i o n  of crit i ca l  min erals : Co,

Ni, Sb, Bi, Te , and rare earth ele ments (REE). Ch a racterization studies using c u t t i n g - e d g e 

an a l y t i ca l  approach es h ave estab lished the d istribut i on  of th ese comp on ents in ore,

con centrate, f l o tat i on  tailin gs and through s m e l t i n g  and ele ctrorefinin g . An appreciati o n  o f

the ch emical and p hysical states of e ach ele ment in ore, through f l o tati o n  circuits, and

smelter/refinery o pe rati o n s  is e s s e nt i a l  if c r i t i ca l  mineral opp or t u n i t i e s  are to be  realized in

the f u ture.

Olympic D am ores are hem ati te - d om inant breccias an d contain >1 20 minerals althou gh

most are min or. Cobalt occurs in pyrite, carrollite an d subordinate cob a l t i te; Cu - (Fe)-

sulphides are in sign ificant carriers of Co and Ni . Despite their low con c e n trati o n s  in mill

fee d , the deposit represents a glob al-scale Se and Te anom aly. Pb - , Bi- and Ag- selenid es

and tellurides occur  as nm-  and  μm-sized in clusion s within  Cu - (Fe)-su lp h ides .

REE min erals are bastnäsite, synchysite, flo rencite, mo n azite, xen ot i m e ,  and Ca- Sr-REE-

Al-phosphate-sulphates. REEs also occur at ppm- to wt.%-level in Fe- oxides, flu o rapati te,

an d zircon . REE-fluorocarb onates and mon az ite are Ce - domin ant, whereas xeno t i me , 

zircon , and uranin ite are imp or tant HREE hosts. REE-minerals are typically fin e - grained

and disp lay e r rati c  d i stribu t io n s  throu gh out the orebod y bu t coarsen at deeper levels wh ere

allan ite is also present .

REE-minerals are largely removed to tailin gs after f l o tati o n ,  alon gside W (mostly contain ed

in h e m at i te ) ,  whereas Co, Ni, Sb , Bi, and Te report to cop per con centrate. Much of the  Co

and Ni is seq u estrated by fayalite, m a g n et i te  and delafossite within smelter slags. Resid u al

REEs are noted in mon az ite and slag glasses.

After d irect-to-blister s me l t i n g ,  Bi, Sb, Se, & Te occur as microin clusion s with various

comp o s i t i o n s  within Cu anodes. Interesti n g l y, Cu - selen ides in anod e share comparable

layered structures with secon d ary Cu - tellurid es from b ornite - chalcocite ore. After

electrorefining , these ele ments, alongside Au /Ag wh ich are subsequently recovered, attain

wt% levels in  anod e slimes. Factors renderin g recovery o f Bi, Sb, Se , & Te f rom refiner y

wastes un economic at present in clud e the co - p resen ce of uranium decay chain

radion u clides.
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Understanding   Hydrogeological   Connectivity   Between   Great 

Artesian   Basin   Aquifers   and   Coal   Seams:   Geochemical   and   

Reactive Transport   Modeling   Approach

Dr. Dup u y M.,1  Dr.  Raibe r M. 1, Dr. Wu  G. 1, Pr. Promm e r H. 2,3

1  CSIRO Env ironment ,  Eco scienc es Preci nct,  Dutto n Park , Quee nslan d, 4102,  Australia 2

Ek i on Pty  L td, Swan bourne, Wes te rn Australia, 6010,  Austral ia, 3 Uni vers ity  of Weste rn 
Au stralia , School o f  Earth  Sci enc es, Crawley , 6009,  Austra lia

The  Pillig a S a n d s t o n e  i s  a major aquife r of t he Grea t  A r t e s i a n  B a s i n  ( GAB)

w it hin the Coon amble Embay men t s u b - b a s i n  in  Ne w South  W a l e s  ( A u s t r a l i a ) . 

The  Pilliga S a n d s t o n e  c o n t a i n s  s i g n i f i c a n t  groundw ater r e s o u r c e s  u ti l i s e d  for

town w ater s u p p l i e s ,  irrigati on, and l i v e s t o c k .  Unde rne ath the GAB i s  the 

P e r m i a n - T r i a s s i c  Gunne da h B a s i n ,  which h o s t s  s i g n i f i c a n t  c oal and c oal 

s e a m  g a s  r e s o u r c e s .  P r e v i o u s  s t u d i e s  d e m o n s t r a t e d  that the  s a l i n i t y  withi n the

Pilli ga S a n d s t o n e  i n c r e a s e s  be tw ee n  the s u p e r f i c i a l  r e c harge a r e a s  t o w a r d s 

d e e pe r p a r t s  of the aquife r. Howev e r, the re  i s  p e r s i s t e n t  unc e rtainty on  whe the r 

t h i s  i n c r e a s e  i s  due to hyd rog eoche mical  p r o c e s s e s  w ithin the Pilliga S a n d s t o n e 

or  if it r e s u l t s  from c onne c tivit y w it h adjace nt u n i t s  ( e .g., Gun ne dah B a s i n  s t r a t a 

or  s h a l l o w e r   GAB  f o r m a t i o n s ) . 

T h i s  r e s e a r c h  a p p l i e s  a c ombina tion of e nd mem be r  m i x i n g  m o d e l s  and

re ac tive t r a n s p o r t  model l i n g to u n d e r s t a n d  t he e x t e n t  and nature of the

hydrogeolo g ical c o n n e c t i o n s  be tw e e n the Pilliga S a n d s t o n e  aq uife r and i t s 

ov er - and unde r lyi ng f o r m a t i o n s .  T h i s  w ill r e s u l t  in  r e f i n e d  con c e ptu al

hydro geolo g ical m o d e l s ,  q u a n t i f i c a t i o n  of s o l u t e  f l u x e s ,  a nd a be tter d e f i n i t i o n 

of  t he potenti al   r i s k s   a s s o c i a t e d   w ith  aquifer  i n t e r a c t i o n s . 

U s i n g  mu ltiple dat a t y p e s  s u c h  a s  ( i) a q u e o u s  c o nc e n t r a ti o n s  of m ajor and

trace e l e m e n t s  ( ii) d i s s o l v e d  g a s e s  ( iii) mine ral  c h a r a c t e r i s a t i o n  v ia XRD and

XRF ( iv ) and i s o t o p e  data for 13C-DIC, 7 L i ,  11B, δ18O/2H, 87 Sr/86Sr, 14 C

and 36 Cl, w e e valuate multiple c onc e p tual and nume ric al m o d e l s  and a s s e s s 
the ir  ability to matc h the v a r i o u s  o b s e r v a t i o n  data. Th e m o d e l s  w ill s i m u l a t e 

hyd rody na mic  p r o c e s s e s  along multiple f l o w  p a t h s ,  c oupl e d to the

h y p o t h e s i z e d  geoche mical  r e a c t i o n s  that d e f i n e  the  hydroc he mi c al and

i s o t o p i c  e v oluti on alo ng t h e s e  f l o w  p a t h s .  T h i s  i s  e x p e c t e d  to allow for the

s e l e c t i o n  of the m o s t  p l a u s i b l e  c onc e p tual hydrogeological mode l for the

groundwa ter f l o w  p a t t e r n s   w ithin  an d  adja c ent   to  the  Pilli ga  S a n d s t o n e   aquife r .

The  r e s u l t s  of th e re ac tive t r a n s p o r t  m ode l l i n g s t u d y  w ill be  c ompl e men te d

by othe r ev ide nc e , s u c h  a s  s e i s m i c  d a t a  and airb orne ele c troma gnetic ( A E M) 

data. T h i s  integra ted approac h p r o v i d e s  i n c r e a s e d  c o n f i d e n c e  in  the 

u n d e r s t a n d i n g  of the p otenti al  hyd ro geo logical c o nne c tivit y be tw ee n  the

Gunne dah B a s i n  f o r m a t i o n s  and the  major GAB a q u i f e r s  and ultim ately

unde rpin  informed d e c i s i o n - m a k i n g  on  ground water man age men t  and r e s o u r c e 
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de v e l opmen t  in the regi on. 
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Sedimentary Geochemistr y of sub-basins within the Batten Fault
Zone, McArthur Basin

D. Imbrogno1, A .S. Collins1, C. Spandler1, D . Subarkah1, M.L. Blades1, S. Spinks2, N.

Caw ood2, G. Bubner1, T.  Hall1, R. Klaebe1

1The University of  Adelaide 2Teck  Australia Pty

The McArthur Basin covers much o f  the Northern Territor y, Australia, and comprises

m u l t ip l e  stacked silicicla sti c  and carbonate sedimentary sequences of Proterozoic age.

Despite being labelled as ‘the boring billion’ due to the perceived stability o f Earth systems,

this period actually exhibits significant and geochemically traceable fl u ctuati o n s  in water

chemistry. These rocks are also of interest fo r research purpo ses due to their h o st i n g  of

economically significant hydrocarbon and mineral resources.

The Batten Fault Zo ne within the McArthur Basin is a broad structurally complex corridor

with structural depocenters and sub-basins. This study uses litho - stratigraphy,

geochronolo gy, and sedimentary geochemistry over fo ur of these sub-basins to correlate

d e p o s i t io n a l  sequences and highlight po st-deposition a l  a l terati o n  characteristi c s .  Shale and

carbonate geochemical data collected for t his project focuses on the middle McArthur

Group (ca. 1650-1630 Ma) stratigraphy, aiming to fill gaps in literature surrounding Earth

systems and tectonic processes during this t im e  o f  little preser vatio n o f  life and product ivity.

These rocks in the middle McArthur Group have predominantly been deposited under deep

s u b t i d a l  to slope condit io n s ,  and the co m b i nat i o n  of carbonate and siliciclastic samples

sequence has produced Total Organic Carbon (TOC), δ13Corg, and δ1 3C carb profi les fo r

sub-basins in the central and northern Batten Fault Zone. Notable trends observed in these

profiles, such as the ~+2.0 ‰ δ13Ccarb excursion transit io n i ng from the Barney Creek

Form ati o n  into the overlying Reward Dolostone, are valuable tools for local and regional

strati g raphic correlati o n .  Major and trace element data further enhances correlatio ns

between sub-basins while revealing geochemical changes associated w ith redox condit io n s , 

alteratio n  processes, and paleoenvironmental factors during and after d e po s i t i o n .  The

combined data set will build a so lid framework for the sedimentological, environmental,

hydrological, and structural evolut io n  o f  each sub-basin, w hich, in the scope of the “mineral

systems framework” can then be used to examine mo dels fo r Pb-Zn-Ag ore mineral

formati o n  processes  in the McArthur Basin.
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Enrichment of rare earth  elements  of the Qingxi  d eposit in  S outh

China: Genetic mechanism  and formation preferenc e

Zhou Jian, Wang Xueqiu, Zhang Bimin, Xie Mingjun, Du Xuemiao

Key  Laboratory  of  Geochemical  Exploration,  Institute  of  Geophysical  and  

Geochemical Exploration, CAGS, Langfang, Hebei, 065000, China. UNESCO  

International  Center  on  Global-scale  Geochemistry  (ICGG),  Langfang,  Hebei, 065000,

China

Ion-adsorption type rare earth deposits are primarily located in the South China region.

The Qingxi granite, situated in the southern part of Jiangxi province, is categorized as

alkaline granite and is characterized by an enrichment of light rare earths in the upper part

of its weathering crust. The rock-forming minerals albite, orthoclase, quartz, and biotite,

which account for 98.8% of the mineral content, only provide 2.1% of the rare earths, while

97.9% of the rare earths come from rare earth accessory minerals such as apatite, zircon,

rutile, fluorite, synchisite, monazite, titanite. In the weathering crust, rare earth elements

are mainly present in states of ion exchange, residue, combination w ith iron-

manganese oxides, and combination with carbonates. The differentiation between light

and heavy rare earths is influenced by several factors including clay minerals, iron-

manganese oxides ， pH value, and water table. The upper part of the weathering

crust is comparatively enriched in light rare earths, while the lower part is more enriched

in heavy rare earths. The selective adsorption by clay minerals plays a crucial role in the

differentiation  between

light and heavy rare earths. During the formation of the weathering crust, rare earth

elements from minerals, such as apatite, synchisite, titanite, are released and adsorbed

onto clay minerals. Influenced by atmospheric precipitation, microorganisms, pH  values,

and   clay minerals,   a secondary enrichment occurs throughout the weathering layer.
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U sing δ 65C u to determ i ne the fate of copper in strea m waters
draining porphy ry m i neralization: impli cations for exploration

vectoring

Dr. James Kidder1, Dr. Christop her Be c kett-Brown2 Alexandre Voin ot 1

1Geological Survey of Canada, NR Can, Ottawa, Ontario, C ANAD A. E-mail:

j ames .kidder@nrcan-rncan. g c.ca, Tel: +1 (343)- 547- 9348, 2 Ontario Geological Su rvey,
933 Rams ey Lake Road, Sudbury,  O ntario, Canada

The fate of metals, such as Cu, in stream waters draining porphyr y  mine ralizat i on is often

controlled by natural processes such a s s o rp t i o n ,  mic robial proc esses and ligand

availa bility. Is otopes of Cu offer one met hod of t rac ing t hese natural proc esses an d

understanding metal sourc es within often compli cated mineralog ical systems. To date,

case studies of c ircum -neutral waters have t ypically reported a d so r p t i o n  of predominantly

65Cu in aqueo us dispersion halo s. Here , we present isotopic data from waters dra ining
from  t he Cas ino Cu- Au-M o porphyr y  depo sit ( Yukon, Can a da). The hydro geochemistr y

of  southern flo wing drainages va ries from c irc umneutral (>6.3 ) to natural a c id roc k

drainage condi t i o n s  (pH <3.5 ) with t he format i o n  of schwertmannite (Fe 3+) hardpan.

Iso topic systems of δ 65Cu and δ 34 S indicate var i a t i o n  in t he metal sourc e in  dra inages,

with d i s t i n c t i o n  and in di ca t i o n s  of m ixing bet ween primar y ( δ 3 4S <- 2.0 ‰) and secondar y

( 34S > 5 ‰ ) mine ral endmem bers. Hydro ge oc hemical variat i o n  bet ween dra inages i s
also reflected on t he stream beds, with mineral s p e c i a t i o n  var ying bet ween Fe mineral

phases such as sc hwertmannite in ARD c o n di t i o n s,  to white Al precipitates of alunite in

c ircumneutral condi t i o n s.  Cop per fra c t i o n at i o n  into  t he dispersion halos  o f  t hese streams 

contrast s  bet ween Fe(OH) 3 pre c i p itat i o n  in  c ircum -neutral waters and t he pre fere nti a l 

a d sorpt i o n  of 65 Cu, res ul t i n g  in dec reasing δ 65Cu values, and either C u co-prec i p i tati on
with sc hwert mannite or intracellular a s si mi la t i o n  or a d sorpt i o n  by mic robes, both of

which  pre ferenti a l l y  favour 63Cu and result in  increasing δ 65Cu values.
Conc en t rati o n s  of metals and metalloids are significant ly diluted as draina ges confluen c e.

However, pathfinder elements remain above reg ional natural  bac kg round levels  in  t hird-

order  streams. Despite the abundance of  surface water  i n many parts of Can ada, stream

water i s an un d e ru t i l i se d  e x p l o ra t i o n  sample medium. It is ev ident t hat

hydrogeoc hemical p ro sp e c t i n g  using broad -scale stream water catc hment analysis is  a

viable  g reenfield expl orat i o n  methodology.
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C r i t i c a l   m i n e ra l   ex p l o rati o n   wi th  the   u s e   o f  c a s s i t e r i t e   t ra c e 
e l e m e n t   d i s c r i m i n a t i o n  d i a g ra m s 

A v i s h  Kumar, Ioan S a n i s l a v,  Huiqi ng Huang , Paul D i r k s 

E c o n o m i c   G eology  R e s e a r c h   C e n t r e   (EGRU),  C o l l e g e   of  S c i e n c e   and  

Engineering ,  J a m e s   C o o k  U n i v e rs i t y,  Tow n sv i l l e,  A u s t ra l i a 

C a s s i t e r i t e  i s  a we at h e r i n g - re s i s t a n t  mineral w h i c h  c a n  i n c o r p o rate  a variety of t ra c e 

e l e m e n t s  in i t s  c r y s t a l  s t r u c t u r e.  T h i s  c a n  be u s e d  in mineral exploration to t ra c e  i t s 

o rig in . To differentiate c a s s i t e r i t e  f r o m  v a r i o u s  o r i g i n s,  new and p u b l i s h e d  t rac e 

e l e m e n t  data w e re  c o l l e c t e d  from s e v e n  tin f i e l d s  around the glob e. L a s e r  a b l a t i o n - 

i n d u c t i v e l y  c o u p l e d  p l a s m a -  m a s s  s p e c t r o m e t r y  ( L A - I C P- M S )  w a s  u s e d  to m e a s u r e 

t ra c e  e l e m e n t s  from twelve d e p o s i t s  in the Herberton Mi neral Field, A u s t ra l i a .  The

r e s u l t s  were c o m b i n e d  with p u b l i s h e d  data from s i x  other tin f i e l d s,  i n c l u d i n g  the

A ndean S n  belt in S o u t h  A m e r i c a ;  the Karagwe A nkole belt i n Rwanda; a nd, from

C h i n a ,  th e Kangxiwa–Dahongliutan pegmatite fi eld, the Youjiang b a s i n ,  the Nanli ng

belt and the Da Hinggan Range belt . The c a ss i t e r i t e - b e a r i n g  d e p o s i t s  in the d a t a s e t 

were s u b d i v i d e d  into four t y p e s :  1) g r e i s e n  and v e i n s ;  2) s k a r n s ;  3) L i - C s -Ta 

p e g m at it e s ;  and 4) p o l y m e t a ll i c  v e i n s .  The t ra c e  element d a t a s e t  w a s  a n a l y s e d  u s i n g 

b a s i c  d e s c r i p t i v e  s t a t i s t i c s ,  p r i n c i p a l  c o m p o n e n t  a n a l y s i s  ( P C A ) ,  and c l u s t e r  a n a l y s i s . 

C a s s i t e r i t e  g ra i n s  from g r e i s e n  and vein d e p o s i t s  are c h a ra c t e r i z e d  by high

c o n c e n t ra t i o n s  of Ti (avg . 1751 ppm) and moderate c o n c e n t ra t i o n s  of Al (avg. 97 ppm),

w h e re a s  c a s s i t e r i t e  g ra i n s  from s k a r n  d e p o s i t s  generally c o n t a i n  lower c o n c e n t ra t i o n s 

of Ti an d Al. Th e c l u s t e r  a n a l y s i s  allowed u s  to d efine c o m p o s i t i o n a l  b o u n d a r i e s  in

the t ra c e  element d a t a s e t .  T h e s e  b o u n d a r i e s  differentiate c a s s i t e r i t e  g ra i n s  from

different s o u r c e s  or the four d e p o s i t  t y p e s.  We o b s e r v e d  that g rei s e n i z at i o n  r e a c t i o n s 

c a u s e d  relative e n r i c h m e n t  of Al and Ti in c a s s i t e r i t e .  T h i s  i s  c o m m o n  in g r e i s e n  and

vein, and s k a r n  d e p o s i t s .  H e n c e,  th e Ti v s .  A l diagram c a n  be u s e d  to differentiate

c a s s i t e r i t e  g ra i n s  derived from g r e i s e n  and vein, and s k a r n  d e p o s i t s .  The S b  v s .  V

diagram w a s  identified to be u s e f u l  in differentiating c a s s i t e r i t e  g ra i n s  from

p o l y m e t a l l i c  v e i n s .  Z i rc o n i u m  a nd Nb c o n c e n t ra t i o n s  are u s e f u l  in i dentif ying

c a s s i t e r i t e  g ra i n s  s o u r c e d  from L C T  pegmatite d e p o s i t s.  The d i s c r i m i n a t i o n 

d i a g ra m s  developed in t h i s  s t u d y  through c l u s t e r  a n a l y s e s  i n d i c a t e d  that

c a s s i t e r i t e  g ra i n s  s o u r c e d  from different d e p o s i t  t y p e s  c a n  be differentiated

b a s e d  on t heir t ra c e  element g e o c h e m i s t r y.  T h u s ,  c a s s i t e r i t e  g e o c h e m i s t r y  ( e.g. ,

s t r e a m  sa m p l i n g )  c a n  b e u s e d  in exploration to id entif y t y p e s  of d e p o s i t  p r e s e n t  in a

region  and provide i n s i g h t  into mineralization p r o c e s s e s . 
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Navigatin g Uncertain ti es of Rem ote Sens in g S atelli te Image 

Anal ysi s in E xp l oration Geochem is try and  Mineralogy

Dr. Carsten L aukamp ,   D r .  Behnam Sadeghi

CSIRO M iner al Resou r ces, Australian  Resource s Research  Cen tre,  Kensing to n , WA 6 151,
Au stralia.

The applic ation of sat ell ite i m agery in m ine ral explor ation conside ring

geoch emi cal and mi neralogical analysis r e presents a  si gnificant technol ogi cal

advan cement, offe ring a  broad -scal e and cost-effective m eans t o identify potenti al mineral

deposits across exte nsi ve and inaccessibl e terrains. Ho weve r, this a pproach is  aff ected by

v a rious forms of un certaint y that can compromi se the accuracy and reliab ili t y of the

data i t pro duces. Te chnologi cal c onst raint s, particularly concerning sp atial resolu tion

lim itati ons,  pose a significant chall eng e in a c curately capturing the detailed geological

featur es necessa ry for pre cise mineral identification. The spectral resolution of satelli t e

sensors further c ompli cates this issue by limiting  t h e  differentiati on between minerals with

sim i lar spectral signatures, l eading to pot enti al mi si nt erpretations . Atmospheric

conditi ons, includi ng cloud cover a nd particulate m atte r, c an adversely a ffect i mage

quality, obscuring geological featur es and necessit ati ng s ophis ti cated correcti on

techniques. A ddit i onally, t he angle and tim ing of satelli t e  imagery a cquisi ti on introduce

variability in illum i nation and shadow effe cts, compli cati ng the interpretation of

topographical and geologi cal detail s. Temporal changes i n t he landscape, influen ced by

both natural processes a nd hum an activi t ies, i ntroduce another lay er of uncertaint y. To

address t hese challenges, in t his research, we delve int o the prim ary sources of these

unc ertainties, enco mpassing the te chnologi cal constr aints of t he A S TER-derived

m i ner al maps, rele ased by C S IRO i n 2012 and n ew regi onal-scale m osaics d eriv ed from

hypersp ectr al satelli t e imagery and com pare them wit h g eologica l maps and more d etail ed

criti cal metals- related mapping i nformati on, for example, compiled by the Australian

fed er al, state and t erritory geological surveys. We a lso  i nvesti gate the i mpact of

s easonal variati ons on scene s tati st i cs and result ing uncertaint ies w hen inferring

mi ne ralogical and geoch emical patte rns.
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Temporal variations in biogeochemical contents of plants  may  
adversely  affect the search for mineral deposits

Melvy n Lintern

Adjunct Associate Professor, Biological, Earth and Environmental Sciences School, 
UNSW Science

Biogeochemistry is gaining increasing attenti o n  from explorers searching for mineral

deposits because of its ability to detect b uried mineralisatio n. Tradi t io n a l  geochemical

methods such as so il sampling struggle to be useful in deposit io n a l  environments, but deep-

rooted plants can bring elements to their leaves and o ther organs from this underground

so urce and may be mo re effect ive as sample media. Biogeochemical data are d i f f i c u l t  to

interpret and has hindered its general a d o p t i o n  by exploratio n  companies. However, a

s i m p listi c  approach to data interpretati o n  may lead to poor discovery rates. Many previous

temporal studies have revealed variat i o n  between plants but generally they have been

conducted over a short t i m e  frame. Here, results are presented for elements from 23 plants

monitored over  nearly seven years at a gold mineralised area in South Australia.

The Barns Gold Prospect (southern Gawler Craton) is situated in farmland that has been

cleared o f  n at i v e  vegetati o n  except in areas of unprod u c t i ve thicker sand cover.

M i ne ralisatio n  is buried beneath seif dunes and deep weathering. Amphibolite-grade,

granulite facies, Archaean Sleaford Complex (2 .45 Ga) dominate the eastern part of the

Prospect, while the Tunkillia Suite rocks (1.69 Ga) occur in the west. P rimar y Au

mineralisation  occurs within an envelope of hydrothermal a l terati o n  with numerous, narrow

Au-bearing veins dominated by quartz, pyrite and sericite, with traces of chalcopyrite,

galena, sphalerite and n at i v e  Au.

Some 23 designated plants were sampled and analysed up to 15 t i m e s  between August 2006

and February 2013. Variati o n s  in biogeochemical content appear to be associated with

rainfall for several non-essenti a l  elements e. g. Au, U and Al while other plant-essenti a l  trace

elements showed little variati o n  e. g. Ca, Zn, and Cu. E lements showing generally high

concentrati o n s  in a single sampling campaign may distort data interpretati o n  and

downgrade weak anomalies in a subsequent campaign where concentrations may be lower;

thus, lower element co ncentrati o n s  may be merely caused by env ironmental factors rather

than the true tenor of mineralisation .  Biogeochemistr y, if properly applied, may provide an

a ddit io n a l  means to explore for mineral deposits in a sustainable and relatively non-invasive

way.
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Critical metal incorporation  in hy drot hermal minerals: 

experiments  and simul ations

Weihua Liu1,  Yuan Mei1, Colin MacRae 1, Matthew Glen1,  Barbara Etschmann2, Joël 

Brugger2,  Yanlu Xing1, Zsanett Pintér1, I gnacio  Gonzalez-Alvarez1, Chris  Ryan1

1CSIRO Mineral Resources, Clayton, Vic 3168, Australia, 2Mona sh University, Clayton, 
Vi c 3168, Australia

Ma ny critical metal resources are recovered as by- product s of mining for ot her principal

elements. For exampl e, Germanium (Ge), Indium (In) and Gallium (Ga) that are widely

use d in electronic and optoelectronic devices are recovered as by- products fr om refini ng

zinc ores. One of the scientific challenges to maximise the values from by- pr oducts of

mi ning major commodities is understanding the distribution and speciation of trace

elements in the complex ores, and the format ion of their ore deposits. This knowledge not

only helps  predi ct the resour ce potential of critical minerals as by -pr oducts, but also helps

improve extraction and ore processing techniques to lower both the recovery cost and the

environmental impacts. To address this challenge, we conducted hydrothermal experiments

and employed molecul ar simul ati ons to underst and bett er the process of germanium in

sul fide mineral, and rare earth elements i n sulfi de mi nerals, during dynamic mi neral

formation pr ocesses aims t o  simulate conditions typical of sediment -host ed Pb-Zn deposits.

In the first series o f hydr othermal experiments, we synt hesised major mine rals (sphalerite,

galena, dolomite, anhydri te and barite ) of Zn-Pb or es at 200 o C  and sim il ar solut ion
compositions as ore fluid of sediment-hosted Zn-P b deposits. The synthesis ed minerals

resembl e the miner als ob served in natur al ore d ep osit s and modern seafloo r hydrothermal

systems, and the result s a re consistent wit h the prediction from thermodynami c modelling,

reveali ng the role of carb onate i n buffering pH an d thus facilit at ing Zn-Pb mineralisation .

In subsequent st udies, we in troduced Ge, Eu, and Ce in t he starting solut ions . The mineral

products after the experi ment were characte rised using micro-analytical te chniques,

including electron prob e microanal ysis ( EP MA), electron b a cks catter ed diffraction

(E B S D) and synchrotron X-ray fluore scence elemental and oxidation s tate mapping. Our

experiment al and sim ulation results reveal that Ge(IV ) is rea dil y incorporated into

sphale rite with or without coupled substit uti on by other cations (e.g., Cu( I)) . In contrast,

the r are earth elements Ce and Eu are inco rporat ed in an hydrite with m ixed valen t st ates.

Our results shed li ght on understanding the mecha n i sm s of the incorporatio n of trace

elements in ho st m inerals. These studies provide molecula r-level insi ghts for

understanding t he processes o f forming and extracting c ritical metals in sul fide and sulf ate

ore s.
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Modelling cobalt s p e ci ati o n ,  mobility, and ore-formation in 

hydrothermal fluids

Mark Nestmeyer, James Cook University, Townsville, QLD 4811, Australia CS IRO

Mineral Resources, Kensington, WA 6151, Australia. Dr. Yuan Mei, CS IRO Mineral

Resources, Kensington, WA 6151, Australia. D r. Weihua Liu, CS IRO Mineral Resources,

Clay ton, Vic 3168, Australia, Prof. Dr. David M. Sherman, University of Bristol, Bristol

BS8 1RJ, United Kingdom

The industrial demand of cobalt (Co ) is predicted to skyrocket in the next decades because

of its usage in Li-io n rechargeable batteries. A large propo r t io n  o f  Co deposits have been

fo rmed from hydrothermal processes, such as low-temperature se diment-hosted and high-

temperature vein-type mineralisations. These types include the world-class Co deposits in

the Central African Co pperbelt or Bou Azzer in Morocco.

Co balt forms strong complexes with Cl - in aqueous fluids ; therefore, Co is mainly leached
and mo bilised by highly oxidised and saline hydrothermal fluids. Reliable thermo dynamic

proper t ie s  for Co chloride complexes are thus pivotal for understanding and numerical

mo delling of ore format io n  o f hydrothermal Co deposits. However, previous experimental

studies produced contradictin g  i nformati o n  on the stability o f Co chloride complexes at

elevated temperature , in pa r t ic u l a r  for high-o rder chloride complexes (e. g., CoCl42-). This
study aims to solve the controversy and provide mo lecular-level insight into tho se Co

c hloride species from ab i n i t io  mo lecular dynamics ( MD) perspectives. The MD

s i m u lati o n s  indicate a decrease in the coordinati o n  number o f  aqueous Co 2+ from
octahedral to tetrahedral with increasing temperature or chloride concentration and are

thereby consistent with previous in-situ X AS studies. The predicted s p e c i atio n  and

geometry o f Co -Cl complexes from MD s i m u l ati o n s  show good  agreement with the XAS

results. The co nfi rmati o n  of Co -Cl s p e c i ati o n  and free energy surface o f Co -Cl

complexation from MD will, therefore, extend the available thermo dy namic data for

mo delling cobalt s pe c i at i o n  in hydrothermal fluids. Further studies using thermo dy namic

integrati o n  in MD will prov ide  new stability constants for those  Co chloride complexes.

Geochemical mo delling shows t hat cobalt-bearing minerals such as c a t i e r i t e ,  linnaeite, and

s a f l o r i t e  mainly precipitate in the presence of reduced sulphur and arsenic species. This is

caused by decreasing fO2 and/o r increasing pH, which can be achieved through various

processes such as fluid boiling, fluid mixing, or fl uid-rock interactio n . 
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Towards low-cost quantitative mineralogy across the  resource cycle

Mark Pirlo, ALS

Objectively quantifying the mineralogy of a rock or soil has traditionally faced several

challenges. These have acted as barriers to widespread, routine, and effective use in

many parts of the resource cycle. Visual logging of samples by geoscientists can suffer

from consistency and subjectivity, as well as being impractical in some situations.

Petrographic and microanalysis techniques including scanning electron microscope

options are time consuming, expensive and their relatively limited field of view may

not adequately represent a system. X-ray diffraction can assess homogenised and

composited material yet can often be restricted by time and expense issues.

Consequently, it is rare to have systematic quantitative mineralogy available across a

project, and importantly, at different stages of a project.

While infra-red spectroscopy has a long history of delivering data that is useful to

geoscientists working across the resource cycle, it has faced limitations in terms of a

restricted number of minerals, and by not being conventionally quantified. Recent work

has taken advantage of the spectral ranges and resolution offered by Fourier Transform

Infra-Red (FTIR) spectroscopy. FTIR data have been considered along with

independently quantified mineralogy in a machine learning system. By considering an

extensive number of natural geological materials that are both geochemically and

mineralogically diverse, a model capable of quantifying mineralogy on new samples

has been developed. With an initial focus on common rock and soil-forming minerals,

the model is actively developing to improve determinations and expand applicability

in terms of stoichiometry and abundance.

Availability of a rapid, objective, quantitative and cost-effective option for mineralogy

is expected to drive subsequent innovations across mineral exploration, geometallurgy,

mineral deposit knowledge and mine closure geoscience. This could provide value in

its own right, or through effective proxies for some key parameters. Applications might

include clay mineralogy for geotechnical and geometallurgical investigations, proxies

for hardness affecting comminution, feldspar type and abundance for interpreting

hydrothermal alteration, regolith mapping and leveling generative geochemical data.

Ultimately, objective, and quantified mineralogy, available at relatively low cost is

expected to provide data that can complement traditional geochemical data to better

understand mineral systems.
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G e o c h e m i c a l  Fingerpri nting of A u s t r a l i a n - s o u r c e d  L i t h i u m  
M i n e r a l s 
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Environmental footprint disclosure is an important factor for evaluating new policies

and regulations that aim at harmonizing the effective production of critical minerals on

one side, and net-zero emissions and other sustainability goals on the other. Greenhouse

gas emissions disclosure is already an essential reporting requirement under several

sustainability reporting standards world-wide. However, increased competition for

limited resources may lead to decreased transparency in critical mineral supply chains,

and ‘Greenwashing’ may undermine credible efforts to meet environmental goals.

In this contribution we present a comprehensive physical and geochemical

characterisation of Australian-sourced lithium minerals to identify and validate the

provenance of battery chemicals through the supply chain, initially focusing on the

lithium source mineral spodumene and thereof derived chemicals LiOH and Li2CO3.

We discuss how far geochemical ‘fingerprints’, comprising a combination of elemental

and isotopic characteristics, can faithfully tie a test sample to the collected information

about its origin and/or its environmental impact, including the complex transformation

processes that occur during ore refining. The in-situ methods and protocols developed

in this study will enable the regulatory instance to detect blending and product alteration

of lithium ore concentrates with high confidence.

This project is part of the Future Battery Industries Collaborative Research Centre

(FBICRC) hosted at Curtin University. However, the analytical workflow developed

here for the Australian Li supply chain may serve as a template for application to

provenance testing of other critical minerals such as e.g., Co, Ni and REE-bearing ores.
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The role of indi cat or minerals in g r eenfields expl or ation  in the 
Madura Province, Wester n Australia

Wal id  Salama, Loui se Schonevel d, Cath erine Spaggiari,  Margaux Le Vaillant

CSIRO Mineral Reso urces,  Pe rth , West ern Aust ralia

The Madura P rov ince in West ern Australia is an underexplored greenfields area that lies

adjacent to the Albany-Fraser Orogen and bo und by the Ro dona and Mundrabilla

tectonic s hear zones. The Proterozo ic basement rocks are buried beneath 200−800 m  o f 

Cretaceous clastics o f  the Bight Basin and Eocene limestones o f  the Eucla Basin . Thick

cover, absence o f  basement o utcrops, and the low likelihoo d o f  m et al dispersion from the

basement through the cov er co ntribute to the challenges in mineral exploration. However,

sam pling across the Cretaceous-Eocene and Cretaceous -basement unconfo rmities fo r

indicator m inerals analysis has revealed the presence o f  num erous grains o f  detrital

pyrite, pyrrhotite, chalcopy rite, pentlandite, sphalerite, cobaltite, galena, and Bi-Se

tellurides. These  findings are  indicative of the presence of prospective sulfide-rich rocks in 

the region.  In  addition, diagenetic/hydrothermal pyrite, sphalerite, and galena are observed

in the Cretaceous siliciclastics of the Madura and Loo ngana fo rmations . The composition

and abundance o f  detrital pentlandite and chalcopyrite v ary spatially across the

Cretaceous-Eo cene unconformity. The trace element compo sitions indicate that

chalcopyrite and sphalerite are likely derived from epithermal o r  skarn deposits.

Chalcopyrite is rich in Ag, Bi, P b, Se, and Zn compared to the basement rocks in the

region. Sphalerite is rich in Ga, Ge, Se, As, In, Sn, Sb, Pb, Tl, Ni, Co, Bi, and Mo compared

to ano ther generation o f sphalerite, which consists of micro -sphero idal aggregates that

possibly indicate the involvement of sulfate-reducing bacteria in the precipitation o f  ZnS.

The presence o f  detrital sulfides correlates with elevated concentrations o f  Cu and Co in

the vicinity o f  the Cretaceous - Eo cene unconform ity . In general, chalcopyrite and

pentlandite ex hibit limited resistance to mechanical weathering and transportation.

These grains hav e single or composite fabrics and are subangular to angular in shape, which

suggests they m ay hav e been transported o v er short distances from nearby copper

mineralization. The elevated propo rtions of detrital sulfides at the Cretaceous - Eocene

unconformity imply proximal basement paleohighs as the m a i n  source s o f detrital

sulfides. Therefore, targeting unconfo rmities for indicator mineral analys is and m apping

the relevant paleotopography co uld serve as an effective exploration strategy to vector

toward  m ineralization  and  reduce  the  cost s  associated with basement drilling.
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The large volume s  of hi g h-P (>0.07 w t . % )  iron ores in Wes ten  Australia (WA) are

c u r re n t ly  considered as unecono mi ca l becaus e of t h e  h ighly del e teri o u s n at u r e  of P in t h e 

s tee l m a k i n g  process. U nloc k ing  t h e  econo mic p o t e n t i al of high -P iron ores will b e n e fi t 

from t h e  d e v el o p m ent  of co s t-e ffec t i v e me t h o d s  for t h e  removal o f P from g o e t h i t e ,  t h e 

d o mi n a n t  P  bearing m ine ral. This req ui res a better und erstan d i n g  of P speci ation and

incorporation me chani sm s  i n t o  g o e t h i t e  (sing le at o m  o r coup led substit u t i on, surface

com pl exation followed by incorporation) .

The c h a rac teri sation of P  d i s tr i b u t i on in P-dop ed sy n t h e t i c g o e t h i t e  and in  representativ e

high -P g o e t h i t i c ores from WA provid es new in s i g hts on t h e  intim a te  as soc iation

b e t w e en  pho sph orus and g o e t h i t e .  STEM-EDS mapping  o f P- and  P-Al-doped synthetic 

g o e t h i te  a n d  l e p i d o c roc i te  d e m o n s t rate  t h a t  ( i )  P  i s  r ea d i l y  i n co r p o rate d  i n to 

g o e t h i t e  up t o  a b o u t  0.25 mol% , b u t  n o t  i nt o  le p i d o c roc ite ,  and ( ii) t h e  Al-to-Fe

substit u t i on fa c i l i t at e s  t h e  u p t a ke of ph ospho rus in g o e t h i t e .  These find ing s are co n s i s te n t 

w i t h  a b-initio modell ing of  P incorp oration i n to  g o e t h i t e,  which s u g g est s  t h a t  t h e  m o s t 

st a b l e  configuration involves P-Al co- substit u t i ng fo r Fe in t h e  lattice.

SEM-EDS, micro-XRF a nd LA-ICP-MS map ping of P-rich iro n ore sample s h o s te d  in t h e 

Brockman and Marra M amba iron-formations h i g h l i g hts t h e  preferential en r i c h me nt 

of ph ospho rus in l a t e - s ta g e  ochreou s and v it r eo u s  g o e t h i t e ,  or i n brow n g o e t h i t e 

formed afte r car b o n at es. ToF-SIMS t ra c e  c he mical mapp ing of se l e c t e d  high-ph osphor us

zones prov i d es a n a s se s s m e n t  of t h e  h et er o gen e i t y  of pho sph orus d i st r i b u t i on a t  t h e 

micron and sub-micron scale. Higher-resolution TEM (<5 nm ) an d ToF-SIMS (<50 nm) 

ma ps were also o b t ai n e d  on FIB-SEM-prepared slic es t o  f u r t h e r  investiga t e 

pho sph orus,  aluminium   and  sili con  as soc iation  w i t h   g o e t h i t e  cr ysta llo g raphy.
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Uranium o re d e p o s i t s  and redox reactions:  i n s i g h t s  from U, Mo
a nd T l i s o t o p e s 

Alexandre Voinot1, Donald Chipley2, Yulia Uvarova4, Matthew Leybourne2,3, Daniel 

Layton-Matthews2, Kurt Kyser2†

1Geological Survey of Canada, Ottawa, Ontario, Canada., 2Department of Geological 
Sciences and Geological Engineering, Queen’s University, Kingston, Ontario, Canada, 
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Uranium mobility undergoes significant fluctuations under varying redox conditions, infl

uencing its behaviour in both surficial and underground environments. In oxidizing

environments, such as surface waters (streams, upper layers of lake waters), uranium

typically exists in its hexavalent state (U(VI)), characterized by high solubility and mobility.

Under these conditions, uranium can readily form aqueous complexes(most common are

oxyanions),facilitating its dispersion through water bodies and enhancing its potential for

long-range transport. Conversely, in reducing environments, such as anoxic sediments or

water, uranium tends to undergo reduction to its tetravalent state (U(IV)), which results in

decreased solubility and increased tendency for immobilization by precipitation as

insoluble phases (i.e. uraninite, UO2).

Developing a proxy for changes of redox conditions in uranium-rich environments (i.e.,

uranium ore deposits, nuclear waste repositories) is thus of prime importance for

environmental monitoring or mineral exploration purposes.

Since the advent of MC-ICPMS techniques, a constantly increasing number of studies on

isotopes of transition metals related to redox-related processes have been published,

spanning from microbial-mediated meta reduction in soils to the analysis of sediments

formed during significant anoxic episodes, or the mobilization of uranium in roll-front

deposits.

In this study, we examine the fluctuations in isotopic signatures of several redox-sensitive

elements—uranium (δ238U, δ234U), molybdenum (δ97Mo), and thallium

(ε205Tl)—across various types of uranium ore deposits. Our objective is to assess the in
fluence of temperature, ore chemistry, mineral composition, and redox conditions on

isotopic fractionation.

The isotopic compositions of δ97Mo and ε205Tl exhibit a wide range of values, spanning
from -17 to +6‰ for δ97Mo and from -17 to +9 ε-units for ε205Tl, encompassing the full

spectrum of isotope values observed in natural systems. In lower temperature

environments, such as unconformity-related deposits, these variations demonstrate strong

correlations with uranium isotopes (δ238U) and align with expected fractionation patterns
resulting from redox-controlled processes. Contrarywise, in deposits formed at higher

temperature (magmatic or intrusive), the presence of sulfide minerals significantly infl

uences the concentration and isotopic fractionation of molybdenum. Concurrently,
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thallium isotopes variations can possibly be attributed to a Nuclear Volume Effect,

suggesting a connection with changes in redox conditions.
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Enhancing Mineral Carbon ation Through Molecular Simulations
o n Diopside  Surf aces

Dr Jessica Jein White, Dr Yuan Mei, Dr Yanlu Xing, Dr Weihua Liu

Mineral Resources, CSIRO

The increasing carbon dioxide level in the atmosphere in the past century has caused dire

effects on the environment. Mineral carbonation offers a promising approach to remove CO2

from the atmosphere by reacting with rocks enriched with Ca2+, Mg2+, and Fe2+ to form
stable carbonate minerals. However, in nature these processes typically occur at extremely

slow rates. Therefore, it is crucial to develop technologies that can rapidly accelerate these

processes for effective CO2 removal and storage. The slow dissolution of Mg2+ and Ca2+

from the silicate minerals has been pinpointed as one of the significant limiting reactions

for carbon mineralisation. Recently, experimental and engineering studies have

demonstrated the potential of using Ca2+ and Mg2+-rich mafic-ultramafic rocks to store
CO2. Yet, the reaction mechanisms during the mineral carbonation processes at various fluid

compositions and temperature-pressure conditions are poorly understood. Molecular

modelling techniques provide a molecular-level understanding of key chemical processes.

Ab Initio Molecular Dynamics (AIMD) simulations enable us to explore the mineral-water

interface accurately, which, however, costs high computational resources. In this study, we

applied a recently developed method called Machine Learning Molecular Dynamics

(MLMD) to enable a much longer time scale to investigate the reaction mechanism but at

reduced costs within the accuracy of AIMD. Here, the mineral diopside (CaMgSi2O6), one

of the most abundant mafic minerals found in the Earth’s Crust, was chosen as the studied

silicate because of its enrichment in both Mg2+ and Ca2+. Molecular modelling will include
looking at the diopside surface and seeing the optimal parameters (e.g. temperature, water,

etc.) to dissociate these cations so they can be used for carbonation. This molecular study

can help further enhance this reaction by pinpointing what is happening at an atomic level,

and thus how to improve the reaction.
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Rare  Earth El ement  potential and related mineral systems in the 
Curnamona  Pr ovince,  South Austr al i a

Di ana Zivak1,2, Dr  Carmen  Krapf 1,Ms Mirella Terrones1
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The global tr ansit ion to sust ainable energy pr oduct ion and green technologies is fuelling

the dem and f or critical m inerals, and of t hose, demand f or r are earth elem ents (REE) is

expected t o gr ow by ~30 – 40% for Nd and Pr, and between 77 – 81% for Tb and Dy by

2050. The demand for these elements cur r ent ly out strips t he predict ed supply, in part icular

f or Tb and Dy, t hus additional sour ces of REEs are r equired t o de- r isk t he global supply.

The Paleoprot er ozoic t o  M esoprot erozoic Curnamona Province in the eastern part of

South Australia carr ies great potent ial for REE discover ies, wit h some occur r ences

r eporting values over 2 wt.% t otal REE (M ount Vict oria) as well as signif icant out crops

of coar se-gr ained m onazite, wit h r ock assays of up t o 10.69 wt.% t otal REE

(Boolcoomatta GK1 prospect). I nit ial pr ospecti v ity analysis using legacy dat a shows

t hat there ar e t wo m ain m ineral syst ems associated with REEs, these include the U-REE

and Cu-Au?-REE mineralisation styles that are comm on in t he southern ( O lary Dom ain)

and central (Mulyungarie Dom ain) r espectively. These t wo miner al  systems  ar e 

believed to be  closely  linked to  t he  intrusions  of  the  Mesoproterozoic  Ninnerie

Supersuit e based on their close spatial relationship. However, in many instances, REE

mineralisation is host ed in m ica- r ich shear zones, wit h m any m ica- r ich shear zones in

t he southern Curnamona Province thought to be related to the Cambrian Delam er ian

Or ogeny. Consequent ly, the timing of the REE m ineralisation in t he Curnam ona Province

is cur r ently poor ly under st ood. I n this st udy we use U- Pb geochr onology of the zircon,

r ut ile and monazite and whole r ock geochem istry t o  decipher t he origin of t he REE

m ineralisation in t he Curnamona Province, and t o const rain t he t iming of t he

mineralisation and its relationship t o  t he m ain or ogenic and int r usive events in t he

pr ovince. Furt hermore, whole r ock and m ineral ( r ut ile, m onazite and zircon) geochemistry

is used t o  t race t he origin of rar e earth elements and to characterise barren vs. mineralised

bedrock, thus developing new geochem ical pr oxies t o aid REE explor at ion in the

Curnam ona  Province.
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Comparative Analysis of PCA and UMAP in ge ochemical
characte rizat ion of Mary River B an ded Iron Formations, Nunavu t,
Canada

Adib i, Mahsa ; Acosta-Gon gora, Pedro & Saumur, Benoit M.

Principal Component A nalysis (PCA) and Unif orm Manifold Appro xim ation and

P rojecti on (UMAP) a re widely utili zed te chniques fo r dimen sion reducti on and

visual izati on, particula rly in the context of geoch emic al analysis. In our investi gati on of

the g eochemic a l compositi on of Mary River B anded Iron Form ations (BIF), P C A

revealed signi ficant correlations between F e - W±Sb, which exhibited an antico rrelation

with Ti -Al-Mg. These  ins ights helped to u nderstand  the complex relations hips betwe en

k ey elements withi n th e B IF samples and pot ential mi neralization . Conversely,

UMAP prov ed more adept at dist ingui sh ing subt le variations r elated to met amorphic

grades and hyd rothermal alteration. UMAP de cou ples more effi ciently sa mpl es exhibiting

higher metamorphic gr ades (up per amphiboli te to gr an uli te facies) and hyd rothermal

alte ration, from those with lower metamorphic grades (greenschist facies). In general C o,

Ni, and Nb are en riched in rocks r epres enting higher metamorphi c facies and hydrothermal

alteratio n , wher eas Ti, Mg, and K ar e more conspicuou s in rocks ove rprinted by

greens chist facies .  Our preli mi n ary result s underscor e the ef fe ctive ness of UMAP in

finding complex, non -li near r elations hips withi n the dataset, particularly those

associated with geologi cal processes such a s metamorphism and hydrothermal

alt e ration. Our compa rative analysi s emphasizes the comple mentary natur e of P CA and

UMAP to int erpret t he geoch emical footprint of rock s amples. While P CA highl ight s

linear relations hips and major trends, UMAP offers a ri cher visuali zati on, reveali n g  non -

linear patterns and int ricate structures withi n the data. Integration of both

techniques can enhance our understanding of the geological and metallogenic

processes shaping the formation of BIF and associated or es. This adv ancement in

kno wledge contribut es to a d eeper u nderstanding of E arth's geological hi story and

mi neralization pro cesses.
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Mineral Deposit Characterisation  from  Drill Core to Microscale

Elena Belousova, Vladimir Lisitsin, Courteney Dhnaram, Alkis Kontonikas-Charos, Al-
Tamini Tapu and Rhiannon Jones
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4000 , Australia

Queensland is home to many traditional and new economic mineral resources, however its

key mineral systems require further characterisation. The GSQ New Economy Minerals

Initiative program aims to build up a comprehensive sy stematic physical and v irtual

reference collection o f samples and associated geological data characterising signatures and

foo tprints o f  the major mineral systems and their key deposit types and sty les in NW and

NE Queensland. The workflow developed by GSQ is a  systematic multi-analytical

approach to cover a wide range o f scales, from core to macro and microscale, that is

implemented in several stages,  including:

• Acquisition of drill core and sam ples representative of ore and mineralisation from major

deposit types of the state.

• Co ntinuo us core scanning using hyperspectral (HyLogger) and X -ray core scanning

instruments (Minalyzer and/o r TruScan).

• A systematic collection o f  multi -element whole-rock and m ineral chemistry data.

Recent efforts hav e focused o n integrating in-situ micro-analytical datasets and im aging

techniques to provide a comprehensive understanding of geochemical data within its

mineralogical context , including data integration across different scales (macro to micro).

This include s micro-analytical techniques, such as SEM, Micro -XR F, TIMA, EPMA, and

L A-ICP-MS that are required to characterise host rocks, alteration halos and importantly

the endowment of both base -m etals and critical metals. Elemental and mineral phase maps

generated by our in-ho use Bruker µXRF To rnado scanner, in conjunctio n w ith TIMA

analytical techniques, provide invaluable insights into the elemental distribution, mo dal

com position, textural relationships o f mineral phases, and their paragenesis. Results from

t he Tornado and TIMA instrum ent prove highly beneficial fo r rapid and precise mineral

targeting during subsequent in-situ analytical work such as geochronology and isotope

geochemistry.

The combination of t hese cutting-edge analytical techniques propels our understanding o f

intricate geochemical and isoto pic signatures, as well as the variability in critical element

abundances and distributions, within individual depo sits and across diverse deposit types.

This ongoing effort collects and prov ides pre-competitive geo chemical and mineral data to

the exploration industry , thereby facilitating mineral exploration in Queensland for both

traditional  and critical mineral commodities.
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Investi gating A tmo spheric and Ocean ogra phic C h a n g e s in the
Western Pacific and Ind ones ia n Throug hflow Dur in g the Mid-
Pleistocene Transi tio n

Sebastian Bland, ANU

One of the m o s t  s i g n i f i ca n t  u nr e s o l ve d  m y s t e r i e s  in p al eo c e a n og rap h y  and

p a l e o c l im at o l o g y  i s  the c l i m at e  t ra n s i t i o n  of the m iddle P l e i st o c e n e.  T h i s  g lobal

p henomenon re c o r d e d  in t he b e n t h i c  δ18O of d e e p - s e a  s e d i m e n t s  h i g h l i g h t s  a s h i f t 

from 41 ka g l a c i a l  c y c l e s  in the early P l e i s t o c e n e  to h igher amp litude ~100 ka

c y c l i c i t y  in the late P l e i s t o c e n e .  D e s p i t e  i n c r e a s e d  attention t ow a r d s  u n d e r st a n d in g 

t he mid P l e i s t o c e n e  t ra n s i t i o n ,  t here i s  s t i l l  a s p a r s i t y  of prior r e s e a r c h  st u d y in g  t h i s 

e vent and i t s  a s s o c i a t e d  e f f e c t s  in the I n d o - Pa c i f i c  region. Therefore, t h i s  s t u d y  a i m s 

to c o n t e x t u a l i s e  regional c h a n g e s  and provide a p i e c e  to the global puzzle. Here we

s e t  out to a s s e s s  the i m p a c t s  of a t m o s p h e r i c  and o c e a n o g ra p h i c  p r o c e s s e s  in the

Pa c i f i c  O c e a n  and I n d o n e s i a n  Throughflow on global c l i m at e  c h a n g e  t hrough the

m iddle P l e i s t o c e n e  (1,200 – 400 ka). F o s s i l i s e d  m arine m i c ro - p l a n kt on , 

foraminifera, p re s e r v e  t ran s ie n t  o c e a n  p r op e r t ie s  in their s h e l l ,  e n abling

p a l e o c e a n o g rap h e rs  to c h a ra c t e r i s e  p a s t  o c e a n  p rop e r t i e s.  S p e c i f i c a l l y  ide ntified

s p e c i e s  G. ruber an d G. s a c c u l i f e r  inhabit d ifferent d e p t h s  in  the water c o l um n . 

Independent i s o t o p i c  a n a l y s i s  and c h a ra c t e r i s at i o n  of c h a n g e s  c a n  allow for

re c o n s t r u c t i o n s  of the o c e a n  mixed layer depth and,  by ext e ns i o n ,  a t m o s p h e r i c 

p r o c e s s e s  s u c h  a s  w ind s p e e d .  By a n a l y s i n g  t h e s e  p ro p e r t ie s  an d ge o g ra p h i ca l  are a

we hope to e l u c i d at e  the c a u s e s  and d y n a m i c s  of the m i d - P l e i st o c e n e  c l i m at e 

t ra n s i t io n . 
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P yri te chemistry  from key mineral  prospects in the Delamerian

Dr Adrienne Brotodewo1,2, D r Yanbo  Cheng3, Prof Sebastien Meffre4, Mr Sandrin Feig4

1Mineral Explo ration Cooperative Research Centre (MinEx CRC), 2Future Industries

Institute, University of So uth Australia, 3Geoscience Australia, 4ARC Research Hub fo r

Transforming the Mining Value Chain & Centre for Ore De po sit and Earth Sciences,

University of Tasmania

The Cambrian-Ordovician De lamerian Orogen fo rme d during the transition from a passive

margin setting during the rifting of Rodinia, to an active subduction margin alo ng the

eastern margin o f  Gondwana. It is s patially and tempo rally extensive, covering five states

in central and eastern Australia, and extended to Antarctica. T he area is largely

underexplored, however resource potential has be en demo nstrated through the presence of

numerous mineralising systems, particularly alo ng the eastern margin. These mineralising

systems include porphyry-epithermal, volcanic ho sted massive sulfide (VHMS), orogenic

gold and mafic-ultramafic copper-nickel-platinum group e lement (Cu-Ni-PGE) mineral

systems.

Trace e lement analysis of pyrite via Laser Ablation Inductively Co upled Plasma Mass

Spectrometry(L A-ICP-MS) can be used to reconstruct the conditions of pyrite formation in

complex mineral systems. T his project assesses the pyrite from the key prospects of

multiple types of mineral systems across t he Delame rian in South Australia, Victoria and

New So ut h Wales. Pyrite samples have been collected from various porphyry Cu-Au,

VHM S, orogenic go ld and o rthomagmatic Ni-Cu-PGE prospects to gain a b e t t e r 

understanding of t hese systems in t he Delamerian. Additionally, samples from several

metallogenetically undefined mineral prospects in De lamerian have been analysed to

compare their metallogenic characteristics with those known systems. T hese results will

provide a new understanding of the mineral po tential of the Delamerian Orogen, aiding

mineral explo ration in the region.
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Advan cin g Min eral E xploration through O p timized S emantic

Segm e n tation Scali n g

Yuanzhi Cai, CSIRO Mineral Resources

The application of remo t e sensing t echnologi es has si gni ficantl y enhan c ed m ineral

exploration, offering no vel avenu es for dete cti ng the subtle yet crucial geochemi c al

footprints of mineral d ep os it s. This study centers on optim i zing semanti c segmentation

models, pi votal for t he a nalysi s of r emote s ensing i m agery, t o refin e the de tection and

characteri zation of these geochemi c al i ndicators. By i nvesti gating t he optim al scali ng

factor for semanti c s egmentati on across thr ee dive rse remot e s ensing datase t s—UAVid,

LoveDA, and P ot sdam—t hi s research unders cores t he i m portance of s cale adjus tm ent in

boost i ng t he m odels' performanc e, which i s directly beneficial for m ineral

exploration tasks.

Semanti c s egmentation m odels are essential for accur ately proc essing remot e sensing

im ages, which ar e int egr al in identi fying geochemi cal patterns indicative of mineral

deposits . Random scali ng i s a widely empl o yed training t e chnique t o m iti gate

overfitting i n semantic segmentation m odels, ena bl ing m odels t o handle im ages with

varying s caling factors. However, exist i ng dee p learning framewo rks for remot e

sensing images adopt a d efault scaling f actor of 1. 0 for single-scal e testi ng. This rais es the

questi on of wheth er th is scaling factor is optimal for singl e-scale testi ng.  Addressing thi s,

our analys is across s ix semanti c segmentati on models revealed dat a set-specific opti mal

scali ng factors: 0.75 for UAVid, 1.0 for LoveDA, and 1.25 for Pots dam. These findings

hi ghli ght t he crit ical role of custom i zed scaling in enhancing t he a ccuracy of identi fying

geochemical  footprints and mineral ch emistry for exploration p urposes.

The im provement i n segmentation accuracy fa cil itated by opt imal scaling adjust ments is

i nst rumental for more effectively identi fying m ineral deposit footprint s and ot he r

indi cators. Higher s egme nt ation precision ensures t hat t he subtle differen c es between

geochemi c al mark ers, o ften overlook ed by less r efi ned models, are accurat ely captur ed. This

capability enhan ces our abil ity to detect and analyze mi neral d eposi ts , paving t he way for

mor e targ eted an d effici ent exploration str ategies.

Conclus ively, thi s s tudy not only furthers the technological frontier o f semantic

segmentation in remote sensing for m i neral e xpl orati on but also establishes a

signi ficant l ink t o geoch emi st ry. By opt imi zing the interacti on betwe en s cale factor s and

m odel accur acy, we lay t he groundwork for f ut ure rese arch aim ed at integrating

geochemi c al i nsi ght s i nto remot e s ensing methodologi es, ult imately enhancing the

precisi on and e ff ecti vene ss  of mineral explorati on  efforts.
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Quantification of artificially sorbed radionuclides as a proxy for
geo-sequestration in geological disposal

Jason Charlwood1,  Antony M. Hooker1, Cornelia Wilske 1, 2, Dirk Mallants2, Ni gel A.
Spooner 1

1 Centre fo r Radiation Re search, Education and In novation, T he University o f Adelai de 2
Co mmo nwealth Scientific an d I ndustrial Re search Organ isatio n

Geological disposal is a widely accepted metho d for the long-term management of
intermediate (ILW) and high-level (HLW) radioacti ve  waste, and chiefly relies o n  the
principles of containment and i solat i o n .  With a significant global stockpile o f ILW and
HLW await in g  disposal and ongoing developments in nuclear power technologies, further
research is required to also develop improved methods to characterize the natural rocks in
their ability to contain any p o tenti a l  radionuclides t hat may escape engineered barriers. Near
or total absence of fluid flow and strong s o r p t io n  of radionuclides to rocks surrounding the
disposal facility  are key attributes that minimize  the m i grat i o n  of radionuclides.

In the framework of developing generic rock characterization capability relevant to
geological disposal, the Hiltaba Suite granite intrusion in the Gawler Craton (South
Australia) has been selected to test novel ways of determining RN so rp t i o n  to granite
minerals. The Hiltaba Suite granite has previously undergone comprehensive physical rock
characterizati o n  to develop an integrated workflow suitable for site characterization  for
geological disposal . These previous tests confirmed co n d i t io n s  o f low porosity and low
permeability contribute to the containment p o tenti a l  o f t he rock body, however, t he
mineralogy and its degree o f a l terati o n  varies with depth, sug gesti n g  a variety of pote nti a l 
so r p t ion mechanisms and capacity across the 1200-m long borehole se c t i o n  (down to 1900
m) . Test i ng  the s o r p t io n  a f f i n i t y  of minerals at such depths requires an understanding o f 
temperature effects. S o rp t i o n  o f RN will be q u a nti f i e d  by using the ‘batch’ test approach,
which involves placing crushed rock samples in contact with a radionuclide doped s o l u t i o n . 
Performing similar experimentation using thin s e c t i o n s  of core allows the s p at i a l 
distribu t io n  o f  the minerals to remain intact and allows the i d ent i f i cat i o n  o f  mineral
boundar y s o rp t i o n  sites. Qua nt i f i c at i o n  o f  so rbed radionuclides is often determined through
measuring the a c t iv i t y  o f the sample as few too ls possess t he scale to v iew micron scale
sorpti o n .  Gel autoradiography facilitates high reso l u t io n  mapping o f alpha e m i t t i n g  RN in
complex mineral substrates. This method will be used to s p ati a l l y  locate, at the micron scale,
where RN have undergone a  preferential s o r p t io n  to specific minerals, identi f y i ng  key
minerals fo r  subsequent tests with varying so r p t io n  co n d i t i o n s . 
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A regolith  lea d  iso scap e o f Australia

Dr Candan Des em, Uni vers i ty of Melbourne, Ad j Prof Patrice de Caritat, C u r t i n  Uni vers i ty,

G eoscience Austral i a, Prof J on Woodhead, Uni ve rs i ty of Melbou rne, Dr Rol and Maas ,

Uni vers i ty of Melbourne, Dr Graham C arr, Common wealth S ci enti f i c  an d Indu stri al

Res earch O rgani s a t i o n 

We pres e nt the first nat i o n a l - s c ale lead (Pb) is otope maps of Australi a bas ed on s urface

reg ol i th for five i s otope rat i o s ,  2 0 6 Pb/204Pb, 2 0 7 Pb/204Pb, 208Pb/204Pb, 20 7 Pb/206Pb, and
20 8 Pb/206Pb, determi ned by s i ngl e collector Sector Fi e l d - I n d u ct i vel y  Coupl ed Plasma -Mass 

Spec tromet ry a fter an ammoni um acetate l each foll owed by aqua regi a d i gesti o n .  The

datas et i s un derpi nn ed princi p all y by the N a t i o n a l  Geochemi cal Sur vey of Australi a

(N G SA) arc hi ved floodplain sedi ment sampl es . We analysed 1219 ‘top coars e’ (0 –10 cm

depth, < 2 mm grain s i ze) s amples, col l ected near the outlet of 1119 large catchments

cove ring 5.64 7 mil l i on km 2 ( ~75 % of Australi a). The s ampl es cons i st of mi x tures of th e

domi nant s oi l s and rocks wea theri ng in thei r res p e ct i v e  catchments (and p os s i bly those 

upstre am) and are th erefore ass umed t o form a re asonabl e rep res entati o n  of the average

i s otopi c sign ature o f those catchme nts . Thi s a s s u m pti o n  was tested in one of th e N G SA

catchments , within which 12 s i mi l ar ‘top coars e’ sampl es were als o taken; resul ts s how that

the Pb is otope rat i o s  of the N G SA catchment outlet s edi ment s ample are cl os e to the avera ge

of  the  12 s ub -catchment, upstream s amples.

N a t i o n a l  mi nimu m, medi an and maximum values reported were 15.5 58, 18.8 44 and 30.635

for 2 0 6 Pb/20 4 Pb; 14.3 58, 15.6 87 and 18.0 1 2 for 20 7Pb/204Pb; 33.5 58, 38.9 89 and 48.8 7 3 for
20 8 Pb/204Pb; 0. 5880 , 0.83 18 and 0.98 4 7 for 20 7 Pb/206Pb; and 1.4149, 2.06 65 and 2.3 00 2 for
20 8 Pb/20 6 Pb. The new datas et was compared with publ i s hed bedroc k and ore Pb is otope data,

and found to d epe nd abl y repres ent crustal elem ents of vari ous ages fro m Archean to

Ph anerozoi c. Thi s s ug gests that floodpl ain sedi ment s amples are a s ui table proxy for

bas ement and basi n geology at thi s s cale, des pi te vari ous degrees of transport, mi xi ng ,  and

weathering experienc ed in th e regolith envi ronment, locally  over protracted p eriods of t i m e . 

An example of atmos ph eri c Pb cont a m i n a t i o n  around Por t Piri e, South Australia, whe re a

Pb smelter has operated s i nce the 1890s , is s hown to i l l ustrate p o tenti al  envi ronmental

ap p l i cat i o n s  of thi s new datas et. O ther a p p l i c ati o n s  may incl ud e el u c i d a t i n g  detail of

Australian crustal evol u t i o n  and mi ne rali s ati on - related i nvest i gat i o ns .  The new regolith Pb

is otope dataset for Australia is pu bl i c l y  avai l abl e from the G eos cience Australi a data portal.
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Cu isotope Insigh ts into Ore Formation Process es , S patial
Variation s and E xploration Potential of Iron -Oxid e Copper Gold
Deposits

A.A.S.V. Gun atilake 1, Dr. Lucy McGee 1, Pro f . Allan Pring 1, Pro f. Nigel Cook2 an d Dr.
Kathy E hrig 3

1 Dep ar tmen t of earth Sciences, Schoo l of Physical Sciences , Univer sity o f  A delaid e . 2

Institute fo r Sustainability, Energy and Resources, Univ ersity o f  A delaide.3 BHP Olymp ic
Dam, 1 0  Franklin Street,  A delaide.

In the mining industry, stable isotopes, including copper (Cu), are inc reasin gly utili zed to

trace metal sources and understand ore  formation proces ses. Thus far, previous studies have 

focussed on C u porphyry systems while I ron -Oxide C opper Gold d eposits (IOCG ) have

not been the  subject of a major study, probably due to their c omplexity and the poten t i a l 

for larg e dat a scatter. Howev er, ther e a re signi fica nt gaps rem aining in the current

knowledge of how Cu isot opes vary across d ist inct zones of mi neralization and

it s applicati ons on IOCG environments. Out o f all the repo rted tr ansition metal isotope

dat a, copp er isot opes reve al the greatest range of fracti onati on (δ6 5 Cu ranges f rom -
16.5 to 10.0 ± c. 0.05) . Cu isot ope fracti onation is gr eatest at the low temperature ore

deposits and conversely, higher temper atur e ore deposit mi ner alization processes do

not c ause significant f ractionation. Ther efore, identification of Cu isot opic differences

in metal s ulfides reflects high ve rs us l ow temperatu re ore sour ces and s econdary lower

temper ature pro cesses o f C u by fluids w il l be recorded by their isot ope signatures. Th us,

copper isot opes serve as a promisi ng pa leoredox proxy to understand ore fo rming

processes by oxidation -reduction processes in magmati c and hydrothermal a ctivit ies

of metal sul fides precipitation.

Here w e present a systematic study of Cu isotope ratios from a  variety of indi vidual

sulphides and native copp er throu gh different mineralised zones withi n the IOCG deposit

of Olympi c Dam. Preli mi nary data on native copper from Olym pic Dam show evidence o f

low temperature remobilisation of copper. Through a comprehensive analysi s of Cu

isot opes, thi s resear ch will reveal how th e metal isot opes var y a cross dist inct zones of

mi ner alisati on , track the potentia l source(s ) and dir ection of fluids in an I OCG de posit .

F inally, t his research will develop a n applicati on in ore  deposit explorati on methods as a 

vectoring tool  in IOCG deposit ,   which could enhance future  exploratio n effo rts.
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Opening  Pandora's box : diur nal m eta l cycli ng  i n stream  waters

D r. James  K idder 1, D r. Christopher B eckett-Brown2

1Geological Survey of Canada, NR Can, Ottawa, Ontario, C ANAD A. 2 Ontario Geological
Su rvey, 933 Rams ey Lake Road, Sudbury,  O ntario, Canada

As t he ‘greenin g ’ o f econ omies cont i n u e s ,  so will t he rel ianc e on an expl o ra t i o n  pipeline

of high-qual ity metal deposits. In areas of remote northern Canada, one of t he main

barriers to t he expansion of g reenfield exp l ora t i o n  is  sample a c q ui si t i o n ,  with pion ee r-

style exp l ora t i o n  often requiring expensive t ravel suppo rt and slower sur vey t i m e s . 

Hydrogeochemistr y, coupling ult ra-low d e te c t i o n  limits for most t rac e elements  at

re l ati vely low cost , with t he abundance of surface water, whic h is a powerful sur vey ing

tool for exp l o ra t i o n  and environmental assessment. However, surface water

geochemistr y can be significantly impac ted by diu rnal ( or  ‘diel’ ) c ycling, which 

represents  re gula r (24 -h our) patterns of varia t i o n  in  light and temperature,  as  well  a s

seasonal climati c  c h an ges.  Here we present  data (physioc hemical, trace element, and

isotopic)  from cont ra st i n g  environments a nd c l i ma t i c  regimes across Canada, i nc luding

(i) t he s u ba rc t i c  c limate of t he Dawson Range (Yukon); (ii) A rc t i c  t undra on Axel Heiberg

Islan d (Nun avut); and (iii) t he humid con t i n e n tal  c limate around t he Onaping River

(Ontario). Samp les collec ted over 24 hours highlight the  extent of metal and metalloid

c ycling and the  cont i n e n tal amplitude across the  varying c l i ma t i c  and photochemical

s e t t i n g s  in Canada. As seen elsewhere, persistent and predic table variat i o n  in

physiochemistr y (temperature, pH, dissolved oxygen ) is o bser ved at all sites. Cli m a t ic

d i s ru pt i o n s  to these c yc les incl u d e  inc reased run -off du ring pre c ip i tati o n ,  r e s u l t i n g  in

d i l ut i o n ,  a nd seas onal melt flushes, increasing stream flow and water-atmosphere

i n tera cti o n  and exc hange. Variat i o n s  in common pathfinder metals and metalloi ds are

presented and further i nves t i ga t i o n  into t he possible key controls on metal c yc ling,

including light-dri ven mic robial a c t i v i t y  (metabolism, photo synthesis, and

res pi rati o n ), and c hanges in s o r p t i o n  and pre c i p i tat i o n  r e a c t i o n s  re s u l t i n g  from

temperature -dr iven  c hange s   in physicoc hemistr y.
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Applied Is otopic and E lemental Geoc he mistry to Under stand the
Pr otero zoic Evolution of the South Nicholson Bas in

Li, Ruoheng, Collins, Ala n S., Subarkah, Darwinaji., Blades, M orga n L., I m b r o g n o , Dan a,

Virgo, Georgina, Menpes, San dra, Lawley, Christ ine

The Benma ra r egio n of the norther n So uth Nich olson Basi n lies s o uth of the hi ghly

minerali sed Batten Fault Zone (McArt hur Basin), i t borders the Murp hy inlier and li es

dire ctly east of th e newly defined Brun ette Down s Rift Corrid or. Here we pres ent new

resea rch focu ssing on the expl o rati on potential of this part of th e northern So uth Nicholson

Basi n using data fro m a ne wly drilled c a. 1km deep core, w hich samples a series of

Pro terozoic sedimentary and volcanic rock s. We applied a comprehensi ve suite of

exploration techniques, incl uding sedi me ntary logging, che mostrati graphy, isotopic

stratigr aphy, and i n‐situ Rb–Sr las er dating, a longside seismic inter preta tion, to better

understand the stratigraphy in th e region, to help li nk the seque nces of the gr eater McAr th ur

Basi n to those of th e Isa Superba sin and to further help de‐r isk the regio n for explora tio n

for sedimentary‐ hosted mineral deposits.
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In s i t u Rb - Sr d a t i n g of b a s e m e n t in t h e h e l i u m - r i c h J a c k o 

B o r e  1 ( M t  K i t t y  1) w e l l ,  A m a d e u s  B a s i n ,  A u s t r a l i a 

C e c i l i a   L o y o l a ,   U n i v e r s i t y   o f   A d e l a i d e 

The Jacko Bore 1 well, located in the Amadeus Basin, represents the highest reported

concentrations of helium on Earth, reaching 9% helium. Helium is contained within

fractures present in granitic basement at the base of the well, which is sealed by thick

evaporites of the Tonian-aged Bitter Springs Group. Helium is generated through

radioactive decay of uranium and thorium-rich minerals in the granite, where it initially

remains trapped within mineral matrices.  Migration of He4 out of the basement source

can be through a combination of long-term diffusion, in conjunction with

interconnected fluid-filled fracture migration pathways.

The objective of this study is to determine the generation and/or most recent

reactivation timing of fracture migration pathways within the granitic basement by the

analysis of fractures in sidewall cores.

We employ a novel in situ rubidium-strontium (Rb-Sr) geochronology technique,

complemented by simultaneous trace-element concentration data collection using

laser ablation tandem mass spectrometry (LA-ICP-MS/MS). Isochrons were

constructed for the different mineral facies using IsoplotR, utilizing the 87Rb decay

constant. The analysis of orthoclase and muscovite from the granite samples returned

an age of ~1100 Ma, while the white micas contained within the fractures yielded an

age of ~ 580 million years. The older age is consistent with widespread Pitjantjatjara

SupersuitegraniticmagmatismintheregionassociatedwiththeMusgraveorogeny, to

which the basement granites are interpreted to relate. The younger age coincides with

early stages of the Petermann Orogeny, which tectonically reworked the southern

portion of the Amadeus Basin, including the Jacko Bore region, and uplifted the

adjoining Musgrave Province.

By constraining possible time frames for helium migration from the basement source

rock into fractures and shallower stratigraphy, this may help reduce uncertainty for

helium exploration in the play. Into the future, it could also potentially assist with

fracture network characterisation for production modelling and well planning

purposes.

Overall, the results of this study illustrate the potential of novel in-situ Rb–Sr

geochronology to date both primary crystalline facies and subsequent tectonic events

affecting the basement.

Footnote: MT Kitty 1 was re-named Jacko Bore 1 in2023 at the request of Traditional

Owners.
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In s i t u  Rb - Sr  d a t i n g  o f   e a r l y  P a l a e o z o i c  g l a u c o n i t e s  fro m 
t h e  A m a d e u s   B a s i n ,  A u s t r a l i a 

Cecilia Loyola, University of Adelaide

Sedimentary systems face challenges in obtaining reliable in situ authigenic age

constraints. We have enhanced in situ Rb-Sr dating on rubidium-rich minerals,

offering age constraints with a quick, efficient process and minimal sample

preparation. This method relies on the radioactive decay of87 Rb

to87Srthroughnegativebetadecay(electronemission),featuringahalf-lifeof49.61 ± 0.16

Ga. Traditional rubidium-strontium dating typically involves the separation and acid

digestion of mineral phases and/or bulk rocks, hindering high-resolution and micro-

scale geochronology applications.

Our study presents the outcomes of the novel in-situ (laser-based) rubidium-

strontium dating applied to glauconite, in Early Palaeozoic marine sedimentary rocks

from the Amadeus Basin. The investigated units include the Arumbera Sandstone,

Todd River Dolostone, Tempe Formation, Pacoota Sandstone, and Goyder

Formation. The stratigraphic ages of the examined samples span from the latest late

Ediacaran(ca.550Ma) to early Ordovician (ca.505Ma).

This study employs a novel in-situ rubidium–strontium geochronology technique,

complemented by simultaneous trace-element concentration data collection using

laser ablation tandem mass spectrometry (LA-ICP-MS/MS. Before analysis, the micro-

scale mineralogy and petrography of the samples were characterized through

backscatter electron images and mineral maps.

Isochrons were constructed with IsoplotR using the87Rb decay constant. The analysis

of the authigenic phases of the Arumbera Sandstone returned an age of ca. 426 Ma,

the Todd River Dolostone ca.436Ma, Tempe Formation ca. 445Ma, Goyder Formation

ca. 376 Ma and Pacoota sandstoneca.387 Ma.

Although the ages are younger than expected, we ascribe these younger-than-

expected depositional ages to post-depositional diagenetic overprint from Rodingan

movements (~440– 430 Ma) and the Pertnjara-Brewer events (ca. 395–375 Ma). On

average, the Rb–Sr ages coincide with the period of maximum burial, as defined by

previous works done using proxies such as vitrinite reflectance, and rock eval.

Overall,theresultsfromthisstudyillustratethepotentialofnovelin-

situRb–Srgeochronologyto date post-depositional events, which can be done

quickly, efficiently, and with minimum sample preparation. The data from the

authigenic glauconites can yield the timing and history of subsequent diagenetic and

post-depositional events.
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Bi oproductivity and detrital influx variations control the organic
matter enrichment in the Velkerr i Formation, McArthur B asi n,
Australia

Yaser  N oorian Mad avan, Ju raj Farkas , Alan S. Colli n s , Tony Hal

1: Metal Isotope Group (MIG) an d Tectonics & Earth Systems (TES) groups, D epartment

of Earth Sciences, University o f Adelaid e,

Th e Velkerri Formati o n  (Mesop roterozoic in age) in the  McArthu r Basin was d eposited

du ring an evol u t i on a r y  transformati o n  in Earth's h istory. Th e middle memb er of this 

format i on ,  known as th e Amungee Memb er, h as three cyclic organ o -facies with d ominated

organic - rich shale s, and they are separated by organic - lean inter vals. Organ ic- rich

inter vals include A- B-an d - C-organ ofacies f rom th e b ottom to the  top of the memb er,

and two lean inter vals in clud ing Between A-B and B-C  inter vals  are distin g u i sh e d .  This 

study represents some organ ic an d non- organ ic geo chemical data such as total organic

carb on (TOC), organic carb on isotope  ( 13C), an d ele mental analysis for the Amu n gee Mb.

o f the format i o n  in two b oreh ole s of th e Beetaloo subbasin includin g Altree-2 and

Marmbulligan - 1 . TOC shows the highest values in B-an d - C-organ ofacies in b oth wells,

wh ile th at of two lean inter vals is  the min imu m. Inter vals with h igh er OM contents

represent h eavier δ13Corg, which p oint out h igher p rimary prod u ct i v i t y  and

associated f ra c t i o n a t io n  of C isotopes , while mo re n e gat i ve  δ13Corg values were d etected

through inter vals with lower TOC content. Th e exc e pt i o n  is the  d ataset f rom the A-Shale

memb er in Marmb u lligan-1, which sh ows an oppo site trend and a n e gat i ve  cor rela t i on 

betwee n TOC  an d δ13Corg values. Interestin g l y, Zr and Ti var iati ons ,  as detrital influx

proxies, sh ow less enrichment compared to the u pper co n t in e n tal  crust valu es (UCC)

in inter vals with h igher TOC contents, while they become closer to the  UCC average

valu es in low TOC contents inter vals (e. g., Between A - B an d B- C inter vals). Th is means

that the rate of detrital influx into the basin was higher durin g the d ep o s i t i o n  of the last

inter vals, res u l t i n g  in more d i l u t i o n  and less accumu lated OM in sediments. In the  B-

C interval, th e con stant in creasin g tren d in TOC simu ltaneously with n o sign ificant

ch an ges in δ13Corg sug gests that siliciclasti c  influx h as played the most impor tant role in

less  OM ac cu mu l ati o n   h ere.
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Exploring Geochemical Data from the CSIRO Mafic-Ultramafic Ni -

PGE Mineralisation Data Compilation Through the AusGeochem

Platform

Dr Angus Nixon1, Dr Bryant Ware 2, Dr Fabian Kohlmann3, D r. Wayne Noble3, Mo ritz

Theile3, Prof. Brent McInnes2  & Dr Stephen Barnes4

1The University of Adelaide, Department of Earth Science, Schoo l of Physical Sciences,

Adelaide, Australia, 2John de Laeter Centre, C u rt i n  University, Perth, Australia, 3Lithodat

Pty. Ltd., Melbourne, Australia. 4CSIRO M ineral Resources, Perth, Australia

AusGeochem is an open-access c loud-based platform and analysis tool  for the geosciences,

currently being developed by the AuScope Geochemistry Network (AGN) in collabo ration

with geoscience data s o l u t i o n  company L itho dat Pty Ltd. Increasing product io n  and

availability of geochronological and geochemical data both in Australia and globally has

highlighted the need for community a n a l y t i cal and report i n g  standards to allow end users

to successfully interact with and evaluate quality o f large data sets drawn from mu l t ip l e 

sources. In response to this community-identified need for improved geoscience data

architecture and collaboration between research i n st i t u t io n s ,  t he AGN init i ated the

AusGeochem project. AusGeochem allows researchers to easily store, disseminate and

interrogate a variety o f geochemical and geochronological data in line with FAIR (Findable,

Accessible, Interoperable and Reusable) data principles, and aims to serve as an a c t iv e  part

of t he research pathway. The platfo rm has recently released a new capability focusing on

major, mino r and trace element geochemical data at a  range o f a n a l y t i ca l  scales from whole -

rock to in situ mineral or single-grain analyses. Within the user env ironment, users can

explore geochemical data produced by researchers and i n st i t u t io ns  from around t he globe

using a number o f flexible live p l o t t i n g  capa b i l i tie s ,  such as versati le biplots o r ternary

diagrams, spiderplots, whole -rock geochemical discrimi nati o n  plots and geochemical

interpolation maps. These a d d i t io n s  provide powerful tools for simultaneously interrogating

geochemistry data obtained by a m u l t it u d e  of i n st i t ut i o n s  from large data sets on regional

to global scales in real t i m e . 

To demonstrate the power of t his new funct i o n a l ity within the AusGeochem platform, the

AGN has collaborated with CSIRO to host a significant legacy co llect io n  of data from ma

fic -ultramafic rocks and asso ciated m a g mati c  Ni-PGE mineralisatio n  from Archean

cratons and Proterozoic orogenic belts o f Western Australia. Curated by Steve Barnes, this

data set is explored using tools within AusGeochem to highlight regions of po te nti a l 

mineral prospecti v i ty and geochemical anomalies. This case study illustrates the power of

geochemical data interoperability and synthesis within a platform providing dynamic

interrogation tools for furthering research and discovery.



43

En h a n cing gol d e x plora tion b y im p r ovin g de t e ct io n lim its f or

g old  in  gro u n dw ate r

O’Neill, C 1., Thorne, R 2., Reid, N 2., Plet, C 2., Verrall, M 2., Godel, B 2. and Noble,

R.R.P 2

1 CSIRO Mineral Resources, Research Way, Clayton, VIC, 3168, Australia, 2CSIRO
Mineral Resources, 26 Dick Perry Avenue, Kensington, WA, 6104, Australia.

This study was conducted as part of the MinEx CRC under the National Drilling

Initiative, with th e aim of enhancing gold exploration by improving the analytical

methods used for detecting ultra-trace levels of gold in groundwater. These results are

applicable throughout Australia and globally.

Gold exploration has been increasingly focused on rocks buried beneath sedimentary

cover. The cover limits the utility of traditional soil samples to provide geochemical gold

anomalies associated with buried deposits. Groundwater provides an alternative and

complimentary method to explore for gold. Due to the mobile nature of groundwater, gold

anomalies can form large haloes around buried deposits, which can be useful for

identifying mineralisation at a regional scale. However, gold concentrations in

groundwater are often near the limit of analytical techniques, especially in saline

groundwaters, common in Australia. To address this, gold can be bonded to an adsorbent

material in a pre-concentration step. This offers the potential to increase the limit of

detection  by an order of magnitude.

Different adsorbents possess varying characteristics that influence their ability to adsorb

the different species of gold present i n groundwater. To test these four Purolite adsorbent

materials, (Puromet MTS9850, Purosorb PAD600, Purogold MTA-1930 and Puromet

MTS 9140) were tested with three gold complexes (Na-Aurothiomalate, Au-Thiosulfate,

and Au(III)Cl3). The adsorbent capabilities were tested after 30 minutes, 60 minutes, 24

hours, and 5 days. Textural analysis of the Purolites was performed using SEM and Micro-

CT imagery. It was found that the Purolite resin with the Cl functional group (Purogold

MTA-1930) exhibited the best adsorbent capabilities for gold in groundwater due to its

high-efficiency gold precipitation from all gold complexes and the homogeneous nature

of the gold precipitated on the Purolite surface. These results suggest this adsorbent

should be used when undertaking gold exploration using groundwater.
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Copper explor ation through the Kalahari transported cover in NW

Botswana
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1CSIRO Mineral Resource s, Pe rth, Western Australia 2University of Western Australia,
35 Stirling Hwy, Crawley WA 6009

The basement rocks of northwestern Botswana are  obscured by c. 25-90 m o f Kalahari  sand,

presenting a significant challenge for mineral exploration. The top o f  the sand cover is

o xidized and ferruginous, while the base is calcareous and siliceous , which

unconfo rmably overlies a slightly weathered basement. Various techniques, including

o ptical and scanning electron m icroscopy, total and partial extraction, and laser ablation

ICP-MS analysis o f  cores, heavy m inerals, and so il size fractio ns, have been used to

detect mineralogical and geochemical fo otprints of metal dis persion through the cov er.

Cover materials with 2 km spacing were sampled across t he basement -cover interface,

which showed an abundance of  weathered rock  fragment s indicative of the mechanical 

dispersion of basement rocks. The critical indicator m ineral near the interface is

almand ine-spessartine garnet co ntaining pyrrhotite and chalcopy rite inclusio ns. The

weathering o f  garnet and its sulfide inclusio ns co ncentrated Fe and Mn o xides in a

paleoredox front within aeolian sand. Relics o f cuprite and chalcocite are preserved in Fe-

oxides. Co pper, Ni, Co, Zn, and As were extracted from Fe and Mn oxides in the paleoredox

zone by 0.1M and 0.25M hydroxylamine hydrochloride and weak aqua regia. Extraction

o f  elements from <2 , 2-75, 75-250, 250-2000, and >2000 μm so il fractions by mild aqua

regia sho w s that Cu, Mo , and Co are concentrated in the 75‐250 μm fraction, whereas Pb,

Zn, Ag, Se, and Te are concentrated in the <2 μm fraction. P artial ex traction analyses using

water, Na -acetate, Na-pyrophosphate, and hydroxylamine hydrochloride were performed

on the <250 μm fraction o f samples collected at various depths within the cover. Na-

pyropho sphate extracted Cu, Ag,  Co, Zn, As, Bi, Cd, Se, Sb, W, and Te from  these samples,

indicating their association with organic mate rials.

Our research shows that the interface sampling and use of redox samples are recommended

to detect the geochemical signature o f co pper m ineralization. Specifically, Na-

pyropho sphate ex traction is suitable to concentrate o re and pathfinder elements fo r

efficient undercover targeting, and the 75-250 µm so il fraction sho uld be analyzed by aqua

regia. Soil sampling should be targeted below the top 50 cm to avoid false anomalies fo rmed

by  scavenging o f met als by Mn oxides.
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Diagenetic C onstraints on Glauco nite Rb –Sr Ages: In -Situ LA-I
C P-MS/MS, Geochronology, Micropetrography, and Ele ments—A
Case Study from the M id-Cambrian Georg ina Basin,   A ustralia

Zhufu Shao1,2, Juraj Farkas1,2, Alan S. Collins1,2, Sarah Gilbert3, Darwinaji Subarkah1,

1 School of Physics, Chemistry and Earth Sciences, The University of Adelaide, Adelaide,

SA 5005, Australia. 2 Mineral Exploration Cooperative Research Centre, The University of

Adelaide, SA5005, Australia. 3 Adelaide Microscopy, The University of Adelaide,

Adelaide, SA 5005, Australia

While glauconite has traditionally played a crucial role in dating depositional ages within

sedimentary strata using methods such as K –Ar, Rb–Sr, K–Ca, and 40Ar–39 Ar dating,

conventional approaches involving chemical elemental separation are time-consuming and

limit the amount of data realistically obtainable. Frequently, reported glauconite ages are

observed to be younger than depositional ages. These are commonly assumed to result from

burial diagenetic alteration. In this study, we introduce an innovative approach using laser

ablation inductively coupled tandem quadrupole mass spectrometry (LA-ICP-MS/MS) for

Rb–Sr dating of glauconite, complemented by petrographic analyses, high-resolution

imaging, as well as quantitative major and trace element characterisation. The goal is to

investigate the potential diagenetic overprinting of Rb–Sr ages in shallow marine ramp

carbonate-hosted glauconite within mid-Cambrian sequences (ca. 505 Ma) from the

Georgina Basin in Australia. Our observed younger ages can be categorised into

approximately 450–410 Ma (Age Group 1, AG1) and around 400–350 Ma (Age Group 2,

AG2). These closely correspond to two episodes of the Alice Springs Orogeny, specifically

the Rodingan and Pertnjara-Brewer events. Early dissolution and illitization were the

primary factors driving the first-stage alteration of glauconite (AG1), while de-illitization

and dolomitization played key roles in the second -stage alteration (AG2). Apatite,

dolomite, and calcite were prevalent inclusions within glauconite, impacting the

overprinted ages, with AG1 glauconite being richer in impurities. Additionally, quartz and

pyrite inclusions were observed in the glauconite, although they didn't significantly

influence the rejuvenated ages. We conclude that orogenesis was crucial in promoting

burial fluid-rock interaction, leading to the dissolution of glauconite with subsequent

illitization. This was followed by de  illitization, accompanied by phosphatization,

calcification, and dolomitization. These cumulative processes collectively re-equilibrated

the Rb–Sr system within glauconite, ultimately resulting in the observed younger ages. Our

study's refined age calibration method (NIST 610 + MDC) for LA-ICP- MS/MS data

processing yielded ages 2–3% younger than those obtained through the traditional

approach, showing enhanced precision with lower uncertainties.
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M i n e r a l o g i c a l and g e o c h e m i c a l s i g n a t u r e s of i n t r u s i o n - 
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S o u t h e a s t  A us t r a l i a ' s  l a r g e s t  and r i c h e s t  known o r o g e n i c  gold d e p o s i t s  lie in the
Bendigo and S t a w e l l  Z o n e s  of ce n t r a l  Vi c t o r ia .  The L a c h l a n  O r o c l i n e  Model s u g g e s t s 
the Tabberabbera Zone of e a s t e r n  V i ct o r i a  i s  a p o s s i b l e  a lo n g - s t r i k e  e x t e n s i o n  to the
Bendigo Zone with a c h a n g e  in the t e c t o n i c  environment r a i s i n g  poten tial im p l i c a t i o n s 
for o r o g e n i c  gold endowmen t  in no r t h e a s t  V i c t o r i a .  In the Tabbera bbera Zone , s o m e 
gold d e p o s i t s  interpreted a s  o r o g e n i c - t y p e  c o i n c i d e  with gravity l o w s  and /or Devonian
g r a n i t i c  p l u t o n s  and are the s a m e  age s u g g e s t i n g  they  may be i n t r usi o n - r e l a t e d . 
D i s t i n g u i s h i n g  t h e s e  s y s t e m s  h a s  bro ade r i m p l i c a t i o n s  for exploration throughout the
W e s t e r n  L a c h l a n  Orogen,  where abund ant g r a n i t i c  i n t r u s i o n s  remain poorly s t u d i e d . 

T h i s  s t u d y  f o c u s e s  on s e v e r a l  gold p r o s p e c t s  s p a t i al l y  a s s o c i a t e d  with the B e e c h w o r t h 
Granite,  the Ya c k an d a n d a h  Granite ,  the Dead Bird S u i t e  in the Tabberabb era Zone
and the S t r a t h b o g i e  Granite in the northern part of the Melbourne Zone . A c l a s s i c 
or o g e n i c  gold de p o s i t  of the Bendigo zone (Gill Ree f ) i s  a l s o  s t u d i e d  for c o m p a r i s o n . 
Their mineralogy and g e o c h e m i c a l  s i g n a t u r e s  are i nv e s t i g at e d  u s i n g  automated
mineralogy,  m i c r o  XRF MAIA mapper,  c a t h o d o l u m i n e s c e n c e  and apatite U-Pb
ge o ch r o n o l o g y . 

Pre liminary r e s u l t s  in d i c a t e  that Golden Mountain, s o u t h  of the S t r a t h b og i e  Granite
m ay be i n t r us i on - r e l a t e d  b a s e d  on the o c c u r r e n c e  of m in or gold in the granite identified
u s i n g  the MAIA m apper. The m in e r a l is a t io n  a s s e m b l a g e  for all d e p o s i t s  t y p i c a l l y 
i n c l u d e s  gale na, s p h a l e r i t e ,  c h a l c o p y r i t e ,  ar s e n o p y r i te  ( e x c e p t  for Golden Mountain),
and rare N i - C o  a r s e n i d e .  D i s t i n c t  Bi +/- Te o c c u r r e n c e  i s  only found in gold d e p o s i t s 
h o s t e d  in the ho r n f e l s  of the B e e c h wo r t h  and Yac k an d a n d a h  g r a n i t e s .  T h e s e  two
g r a n i t e s  interpreted  a s  I -type are o x i d i s e d  while the S - t y p e  S t r a t h b o g i e  gra nite i s  more
re d u c e d . 

C a t h o d o l u m i n e s c e n c e  on quart z re v e a l s  multiple e p i s o d e s  of s i l i c a - r i c h  f l u i d s  with
the l a t e s t  c r o s s c u t  v e i n l e t s  a s s o c i a t e d  with s t y l o l i t e s  and ars e n o p y r it e -g o l d 
m in er a l is at i o n .  T h e s e  s t y l o l i t e s  in d i ca t e  a s i g n i f i c a n t  p r e s s u r e - d i s s o l u t i o n  ev ent that
may have c o n t r i b u te d  to gold e n r i c h m e n t .  Large ap a t i t e s  are a s s o c i a t e d  with gold
m in er a l is a t i o n  and are a l s o  found in s t y l o l i t i c  v e i n s  at Gill Reef. G e o c h r o n o l o g y  of
apatite will be u s e d  to date the m i n e r a l i s a t io n  and a s s e s s  how it r e l a t e s  to the
e m p l a c e m e n t  age of the g r a n i t i c  r o c k s ,  enabling to c o n s t r a i n  the tim ing and origin of
gold m i n e r a l i s a t io n . 
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Apatite is a common mineral in most rock types and sediments, that can preserve rare earth

element (REE) profiles reflective of lithology and can be used for U-Pb age dating. When

integrated with zircon geochemistry and geochronology, these features can o ffer insight

into sediment provenance. The susceptibility o f  apatite to weathering renders it a  reliable

m arker for initial sedimentation cy cles, while zircon, which is mo re resilient to

weathering, can accumulate in sediments through m ultiple cycles of sedimentation. This

combined approach facilitates a nuanced understanding of sedimentary so urces and their

evolution ov er time.

This study investigates the use o f apatite chemistry and geochronology to constrain

so urce regions and sedimentation cycles related to the deposition o f  detritus. The

Ordovician sediments o f the Castlemaine Group from the L achlan Fold Belt, South -

Easte rn Australia are used as a case study as they have po tential so urces nearby in

Australia and further afield in Antarctica. The combined REE, Sr and Y geochemistry and

U-Pb geochronology of detrital apatite grains was obtained by LA-ICP-MS and used to

classify so urce lithology (igneous, metamorphic, mixed origin) and grain age . Comparison 

o f apatite  chemistry to pre -existing data sho ws that apatite  within  the Castlemaine Group

is so urced from a diverse array o f  litholo gies including felsic, intermediate and mafic

igneo us rocks , and m etamorphic rocks. A po pulation o f  apatite o f  unknown lithology

so urce was also recognised. Mo st apatite grains are interpreted to be o f igneous and

m etamorphic o rigin aged between 580 -480 Ma, likely originating from the nearby Adelaide

Fold Belt and Delamerian/ Ross Orogens. Older apatite populations are associated with

Grenvillian (1300-900 Ma), Ro dinian rifting (850-650 Ma) and Early Pan-African (650-

580 M a) ev ents. The number o f o lder (1300-580 M a) apatite grains is significantly

sm aller than populations observed in prev iously published zircon data, and is used here to

suggest the o lder apatite and zircon grains have gone through m ultiple cycles o f

sedimentation . This comparison between detrital  apatite  and  zircon  geochemistry  and 

geo chronology provides insight on  the sediment so urce and enables an understanding o f 

whether the sedime nt was directly deposit ed o r underwent a m ulti-cycle process involving

intermediate sediments.
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The Neoprotero zoic is an increa singly studied period in earth’s geological hi story. Yet,

desp ite lots o f previous work on the geo logy of th is Era, our understanding of  the earth

system at this time is far from comp lete. The Cryogenian Period, commonly referred to as

‘Snowball Earth’, li es in the middle of the Neoproterozoic and is known as having two

global-scale glaciations interrupted by a signi ficant interglacial period. The subsequent

Ediacaran Period saw continuing climate fluctuatio ns and considerable changes in the

biosp here, including the first evidence for animals. However, like mu ch of the Precambrian

earth, the Cryo genian and Ediacaran remain highly ambiguous. North Oman is host to some

of the best-preserved complete sequences of these ages accessibl e to geologi sts today. Our

study has focussed on upper Cryogenian a nd lower Edi acaran lithologie s of North Oman:

the Saqlah, Fiq, and Hadash Fo rmations, interpreted to represent rocks formed in th e intra-

Cryogenian interglaci al, the se cond ‘Marinoan’ gl aciation, and the immediate aftermath,

respectively. We use the preceding interglacial sedimento logical observations, ge ochemical

analyses, and emerging ge ochronological tech niques to better understand the frequency and

timi ng of, an d environmental  conditions accompanying, the  Snowball Earth events.

The earliest Ediacaran Hada sh Formation ‘cap’ carbonate is one of  many similar carbonates

that overlie Cryogen ian glacial sedime ntary rocks on multiple conti nents. We present new

carbon isotope data from mu ltiple sectio ns to constra in any diachroneity in deposition and

attempt to  reproduce publ ished palaeomagnetic reversals from the formation to address the

rapidity of deposition. In addition to dating these carbonates, we present new LA-ICP-

Ms/M s Rb–Sr dating of authigenic clays within sha les of the Fiq Formation and volcanics

within th e Saqlah Formation. These age data are combined with sedimentological

interp retations, water  chemistry proxies, and org anic carbon isotope data from the Fi q

shales to better unde rstand the nature and evolution o f the Cryo genian to Ediacaran of

Oman.
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M i n e ra l ca r b o n a t i o n through m i n e ra l r e p l a c e m e n t r e a c t i o n s 

o f  py roxe n e s   i n   a l ka l i n e  fl u i d s 

Yanlu Xing , Weihua Liu, Yuan Mei, Z sa n e t t  Pintér

C S I R O  Mineral R e s o u r c e s ,  C l a y t o n ,  V I C  3168 A u s t ra l i a 

Mineral c a r b o n a t i o n  i s  one of the m o s t  c o m m o n l y  o b s e r v e d  natural phenomena w h i c h 

c a p t u r e s  C O 2  from at m o s p h e re  and su b a e r i a l  aquifer, and permanently l o c k s  it a s 

s t a b l e  c a r b o n at e  m i n e ra l s.  T h i s  p r o c e s s  o f f e r s  a great opportunity to a c h i e v e  net-zero

e m i s s i o n  through human- engi n eered g e o l o g i c a l  o p e rat i o n s  by re a c t i n g  C O 2 / C O 3 
2 - 

bearing fl u i d s  with underground Mg-, C a -  and Fe- r i c h  r o c k s .  Pyroxene group

m i n e ra l s  are one of the m o s t  important ro c k - fo r m i n g  mineral t y p e s  in the

E a r t h’s  C r u s t  and the major c o m p o n e n t s  in m a fi c /u l t ra m a fi c  r o c k s .  P y roxe n e s  c a n 

c a r r y  s i g n i fi c a n t  a m o u n t s  of Mg , C a ,  and Fe, making them p ro m i s i n g  t a rg e t s  for

mineral ca r b o n at i o n .  Yet, the re a c t i o n  between py roxe n e s  and C O 2 / C O 3 
2 -  bearing

fl u i d s  c o u l d  be s l o w,  and c u r r e n t  u n d e r st a n d i n g  of the key re a c t i o n 

m e c h a n i s m s  at fluid-mineral i n t e r fa c e  i s  extremely l i m i t e d ,  w h i c h  m a ke s  i t 

c h a ll e n g i n g   t o   o p t i m i ze   t h e   c o n d i t i o n s   fo r   l a rge - s c a l e   o p e rat i o n s. 

Here we performed hydrothermal mineral re p l a c e m e n t  ex p e r i m e n t s  to i n ve st i g at e  t he

r e a c t i o n s  between C a  and M g - r i c h  p y roxe n e s  (e.g ., d i o p s i d e,  augite) with c 

a r b o n ate - b e a r i n g  fl u i d s  at v a r i o u s  c h e m i c a l  and p h y s i c a l  c o n d i t i o n s .  C a - r i c h 

c a r b o n a t e s  were formed in ex p e r i m e n t s  re a c t i n g  d i o p s i d e  in alkaline s o l u t i o n s  c a r r y i n g 

N a 2 C O 3 ,  N a H C O 3 ,  and N H 4 H C O 3  r e s p e c t i v e l y  at 2 0 0 º C  and for 28 d a y s .  Tra c e 

a m o u n t s  of C a  were found in fluid s a m p l e s  af ter the experiment, with extremely l ow

or u n d e t e c t a b l e  Mg and Fe. By c o n t ra s t ,  Mg w a s  found to be preferentially e n r i c h e d 

in s e c o n d a r y  s i l i c a t e  m i n e ra l s,  yet rare Mg w a s  found to form c a r b o n a t e s  or d e t e c t e d 

in the s o l u t i o n .  N H 4 H C O 3  w a s  found to be more e f f e c t i v e  in d i s s o l v i n g  s i l i c a t e s 

c o m p a re d  to N a H C O 3  or N a 2 C O 3  at c o m p a ra b l e  c o n d i t i o n s .  In a more c o m p l e x 

mineral s y s t e m  (60% augite + 35% quart z +  minor fe l d s p a r ) ,  s o l u t i o n s  c a r r y i n g 

N H 4 H C O 3  are a l s o  found to be more e f f e c t i v e  in l e a c h i n g  C a  and Mg into t he

s o l u t i o n s  at alkaline c o n d i t i o n s .  The p r e s e n c e  of c h l o r i d e  (e.g ., N a C l )  in all s e t s  of

ex p e r i m e n t s  did not have a s i g n i fi c a n t  i n fl u e n c e  on the re a c t i o n  k i n e t i c s .  T h e s e  r e s u l t s 

i n d i c a t e  a p ro m i s i n g  p o t e n t i a l  o f  c a r b o n a t i o n  o f  py roxe n e s  i n  C O 3 
2 - / H C O 3 

- 

bearing alkaline s o l u t i o n s .  C o m b i n i n g  experimental i n ves t i g at i o n  with

g e o c h e m i c a l  modelling , t h i s  s t u d y  a l l o w s  u s  to d e s i g n  and o p t i m i s e  engineered

mineral c a r b o n a t i o n  p r o c e s s e s  to a c h i e v e  the net-zero m i s s i o n . 
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C o n stra i n i n g t r ac e / m in o r e lem e n t b e ha v io u r in l a r ge,
c he m ic a l a n d str u c tu r ally c o m p l e x a t o m ic sy s t e m s – a r ole for
m a c hin e  le a r nin g  p o ten t i al m e t h o d s ? 

Jie Yao1, Cristiana L. Ciobanu1 , Nigel J Cook1  and Kathy Ehrig1 ,2

1School of Chemical Engineering, The University of Adelaide, Adelaide, S.A. 5005,

Australia, 2BHP Olympic Dam, Adelaide, S.A. 5000, Australia

Current ab-initio methods based on the density functional theory (DFT) have proven

accurate for predicting the crystal structures of minerals and dynamic properties of liquids.

DFT-based approaches are however limited to applications that yield suitable solutions on

relatively small simulation cells (hundreds rather than thousands of atoms ) in crystal

structures or short simulation times for liquids. Recent developments with ‘on-the-fly’

machine learning potential (MLP) methods trained from the ab initio data have shown

that  these  difficulties  can  be overcome without loss of accuracy.

Large volumes of experimental and empirical data show how potentially valuable trace

and minor elements are incorporated within or released from mineral crystal structures or

glasses cooled from melts. The incorporation of foreign atoms within mineral lattices is 

achieved via changes to larger structures involving ordering of vacancies or superstructure

formation. Melts also change their structure during cooling and can host exsolution

of other liquids or crystallization of discrete minerals within glas ses. What are less

well constrained are the solubility limits for trace and minor elements within

superstructures and the growth parameters of crystals during melt cooling. MLP-assisted ab-

initio molecular dynamics methods open new possibilities to address these long-standing

topics: behavior of trace/minor elements in large atomic systems (superstructures, melts).

We  show case  3  applications  that  could  be  resolved using MLP methods.

Prompted by the ground-breaking discovery of pentavalent uranium in hematite (α-Fe2 O3 )

and its stability over geologic time, we model the crys tal structural changes induced

by atom vacancies and their long-range ordering relative to solubility limits. Outcomes

will provide solutions to the long-term storage of nuclear waste and design of new

materials.

Likewise, the solubility of precious (Au, Ag) and critical metals (Co, Bi, Te etc.) in copper-

iron-sulphides is an uncharted topic that if addressed and tested against ores from

world-class deposits can predict the critical mineral potential of sulphides.

The phosphate mineral monazite is a major source of rare earths essential for adaptation

of green low-carbon technologies. We aim to model structural changes from Si-Fe-oxide

melts to glass and monazite crystals, obtaining the growth parameters required for

metallurgical design and understanding of analogous rock-forming processes .

Funding: ARC LP200100156
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New constrain ts on th e origin an d post-depositional h istory of

Neoprot erozoic Br eam ar ironstones from S ou th Australia :

Insi gh ts from micro -scale m in eral m ap ping and in -situ Lu -Hf

dating of apatite, Rb-Sr datin g of biotite and U-Pb d ating of

h em atite

1 ,2Zheng, Ruiqi , 1,2 Farkas, Juraj, 1 ,2 Collins, Alan, 1 Darwinaji S ubar kah, 2 ,4 P a y n e ,

Justin, 3 Gilbert, S arah , 1 Blades, Morgan, 6 Liam Courtney-Davies, E ri ck Ramanaidou 7 ,

and 2, 5 Giles, David

1 Discipl ine of Earth Sciences, Metal Isotope Grou p (M IG) & Te ctoni cs Ear th S ystems

(TES) , The University of Ad elai de, Adelaide, South Aust ralia, Australi a , 2 Mineral

Explorati on Cooperative Research Centr e, 3 Adelaide Microscopy, U niversity of Adelaide,
4 S TEM, University of S outh Australia, Adelaide, South Australia, Australia and 5 Future

Industries Institute, University of S outh A ustrali a , Adelaide, South Australia, Australi a, 6

Department of Geologi cal S ciences U niversity o f Colorado Boulder, US A 7 C S IRO,
Mineral R esour ces, Perth, Australi a.

The Braemar Iron Formation is  l ocated in the Yunta-Olary region i n S outh Australia (SA),

400km north-east of Ad e laide, and is one of the l a rgest undeveloped Neoproterozoic iron

formations i n the world. The Braema r iron form ation (BrIF) was deposited during the

Sturtian glaciation (dated between ~717 M a to 660 Ma) almost coeval with the less

weather ed Holowiliena ir onst one located in the Fli nders Ranges, which are composed of

only hematite, while the Braemar Iron Formation is domi nated by magnetite. A model for

the depositional environment of the Br IF sugg ests that iron was deposited in the

glaciomarine environment under an ice  shelf.

Here we present result s f rom new laser -bas ed Lu- Hf, Rb-Sr and U-Pb dati ng applied to

apatite, biotit e and hemat it e phases, identi fied in the Braema r Iron Formati on , which were

analysed via in-situ LA- I CP -MS /MS (Alexander e t  al., 2021; R edaa et al., 2 023). Briefly,

our Lu-Hf dating of apatite y ield the age 655 ± 62 Ma , pointing t he depositi onal age of

Braemar Iron Fo rmation in t he Sturtian Glaciation. Our U-Pb dating of hematite yiel ded

the age 501 ± 34 Ma, pointing t o later / post -depositi onal recrystallisat ion during the

Cambrian, in line with the tim ing of the peak of Delamerian Orogeny o r deformation. The

in-situ Rb –S r biot it e dating yielded systematically younger ages, rangin g from ~45 1 ± 7

Ma  to 4 83 Ma ± 8 M a, likely linked to post -Delamerian cooling and asso c iated resett ing of

the Rb - Sr isotope system in st udied biot ite. Future work done as p art of this project wil l

employ redo x -sensitive metal isot ope tracers su ch as Fe and Cr isotopes and REE to further

test possi ble depositional models and scena rios for the Br a emar Iron Form ation. A

comparison from the r ela ti vely more ‘pristine’ Holowiliena iro nstones will also be

undertaken to assess the effect of secondary processes on g eochronol ogical data, r edox-

sensiti ve metal isotopes and loc al Fe enrichments in the above and rather u nique St urtian

ironstone deposits i n S outh Aust ra lia.
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