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G e o c h e m i c a l  a n om a l y  mapping for b a s e  m e t a l s  in the 
H a t t f j l e l l d a l l  area, Norway:  s a m e  data, different t r i c k s 

Pedro Ac o s t a - G ó n g o r a , Malin A n d e r s s o n ,  Ying Wang , Terje Bjerkgård  , Marie-

Andree D u m a i s , Aziz N a s u t i   , Ana C a r o l i n a  Rodr i g ue s -Mi r an da, V i k a s  C h a n d 

Baranwal

G e o l o g i c a l  S u r v e y  of Norway, Trondheim, Nor way

The  Hattfjelldal area in the Nordland C o u n t y ,  Norway,  i s  regarded a s  p r o s p e c t i v e  for

the o c c u r r e n c e  of C u - Z n - P b  v o l c a n o g e n i c  m a s s i v e  s u l f i d e  d e p o s i t s  ( V M S ) . 

However , s i g n i f i c a n t  l a r g e - s c a l e  m ine ralization h a s  yet to be  found. T h i s  s t u d y  re -

e v a l u a t e s  a s o i l  s u r v e y  c a r r i e d  out in Hattfjelldal by c o m b i n i n g  c o m p o s i t i o n a l 

b a l a n c e ,  c o n c e n t r a t i o n - a r e a  f r a c t a l  ( C - A )  and exp loratory dat a (EDA) a n a l y s e s 

to target p r o s p e c t i v e  a r e a s  for b a s e  metal mineralization.

Initially, c o m p o s i t i o n a l  b a l a n c e  a n a l y s i s  w a s  c a r r i e d  out to ide nti fy elem ent 

a s s o c i a t i o n s  relevant to s u l f i d e - h o s t e d  b a s e  m etal m ineralization. Four b a l a n c e s , 

t arget ing C u ,  A g - M o - S ,  S b -B i - P b  and Fe-Zn, we re c o n s t r u c t e d  and interpreted

a s  v e c t o r s  r e p r e s e n t i n g  d i s t i n c t  t y p e s  of m iner ali zation. A n o m a l o u s  a r e a s  for

e a c h  miner alization type were then filtered u s i n g  C - A  and EDA. For the C u ,  Fe-Zn

a nd A g - M o - S  b a l a n c e s ,  the C - A  a p p r o a c h  highlighted s m a l le r  a n o m a l o u s  a r e a s 

(5%, 5% and 8% of the area of s t u d y )  relative to t h o s e  i n d i c a t e d  by EDA (10%,

10%, 11%). For t he Sb - B i - P b  b a l a n c e ,  both  a p p r o a c h e s  a c h i e v e d  equivalent

r e s u l t s  (5%). In g enera l,  b oth EDA and C - A ,  la rgely  s i g n a l e d  over lapping

a n o m a l o u s  a r e a s . 

Our r e s u l t s  a l s o  s h o w  that b a s e  me tal a n o m a l i e s  (e ven of the s a m e  type) are not

c o n s t r a i n e d  to  a p a r t i c u l a r  l i t h o l o g i ca l  unit b ut c a n  be h o s t e d  in s e v e r a l  t y p e s  (e.g.,

m i c a - ,  g raph ite and c a r b o n a t e - r i c h  me t as e d ime n t a ry r o c k s ,  and f e l s i c  and m a f i c 

v o l c a n i c s ) .  T h i s  may furt her i n d i c a t e  the p r e s e n c e  of d i s t i n c t  t y p e s  of mineralization

and /or favorable h o s t  r o c k s .  To na rrow down the m o s t  p r o s p e c t i v e  a r e a s ,  the EDA

and C - A  r e s u l t s  were  co m p a r e d  a g a i n s t  airborne g e o p h y s i c s  and s t r u c t u r a l  geology 

m a p s .  In both c a s e s ,  se v e r a l  g e o c h e m i c a l  an o m a l i e s  were ident ified along the t r a c e 

of t h r u s t  f a u l t s  an d /or within a r e a s  of high c o n d u c t i v i t y .  Notab ly, approx imately 65%

of C u  and Ag - M o - S  an o m a l i e s  (EDA a nd C - A )  wer e l o c a t e d  within m oderate to

highly  c o n d u c t i v e   z o n e s ,   c o n s i s t e n t   with  the p r e s e n c e  of s u l f i d e s . 

Finally, s i x  p r o s p e c t i v e  z o n e s  (A-F) are s u g g e s t e d  a s  m ineral ex p loration t a r g e t s , 

among w h i c h  t he two m o s t  intriguing o n e s  a re c h a r a c t e r i z e d  by the c o n v e r g e n c e 

of  m ultiple g e o c h e m i c a l  anomaly t y p e s  (two o r three) a nd high c o n d u c t i v i t y 

a r e a s   with  v ariable  proximity  to  potential  s t r u c t u r a l  c o r r i d o r s . 
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Gold-bearing quartz veins and associated rocks in western 

Nigeria: Insights from field investigation, petrographic study, 

and geochemical analysis

Sodiq Alimi, University of the Free State.

This study focu sed on the Wawa area, a southern extension o f  the Zuru Sch ist Belt

( ZSB) in Northwestern N igeria. Th e ZSB is o ne of western N igeria's broadest and least

st u d i ed sch ist belts. Information about its full extent, p etrologic al, and geochemical

c h aracteristics st ill needs to b e  imp roved. Preliminary field investigatio ns h ave shown

that th e Wawa st ud y  area possibly hosts o rogenic go ld deposi ts. This st udy carried out

field investigation, p etrological st udy, and geochemical analysis to understand an d

ch aracterize th e tect o nic setting and possible or igin of gold mineralization in the area.

In total, 40 rock samples were studied under th e microscope and 72 samp les were

su b j ected to geoc h emical analysi s, including X -ray fluorescence ( for major and

trace elements ) and X -ray dif fraction analyses. The field investigation r evealed that

th e rocks in th e area are mainly gneiss, migmatite, amph ibolitic rocks, phyllites,

granitoids, and intrusive rocks such as quartz veins and pegmatite veins. Gold

mineralization is confined t o th e quartz veins in amphibolitic rocks, and micro veins o f 

pyrite and ch alcopyrite are a pp arent in th e amph ibolitic rocks as well. The

p etr ological and mineralogical studies showed that quartz is do minant in th e samp les

from th e Wawa st udy area, to g e ther with feldspars, mica, and oth er accessory minerals.

The XRF data showed that th e rocks underlying the Wawa st u d y  area are h igh l y 

enrich ed in silica; meanwh ile, several trace elements exist in anomalous concentrations

co mpared to the co rresp o nding average elemental values in th e upper continental

cr ust and b ased on several o th er r eports fr om western N igeria. The underlying rocks

in th e study area are mo stly p eraluminous with few plotting as peralkaline. Gneisses in

the  area  are  orthogneisses.  The  amphibo litic  rocks  in  the area  sh o w both tholeiitic

and calc –alkaline affinity. The K2O/Al2O3 vs N a2O/Al2O3 discrimination p lot

su gg ested th at gold -bearing fluids in the area are likely fro m igneous  and sedimentary

sources.  D e spite  th e  n ew data/information  contributed by this  study, fur ther

geoch emical studies within th e ZSB are required to fully understand th e evolution and

origin of  gold mineralization in the area .
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Golden Pike: Comparing the Effectiveness of Bedrock vs Till
Geochemistry as a Regional Exploration Tool

Alan Bieber, IGO

The Red Lake belt in NW Ontario has produced over 29moz of gold and is known

globally for some of the highest-grade gold deposits in the world. The geomorphology of

the Red Lake area, like much of the Canadian shield, is characterised by remnants from

the last glacial maxima c. 20,000 years ago. As a result, a significant portion of the Red

Lake area is covered by glacial sediment and modern-day lakes which impede

conventional exploration techniques.

During March 2022, a sonic drilling campaign was completed by Evolution Mining over

the McFinley ore body in Red Lake, Ontario, Canada. The drilling programme was part

of an orientation study designed to compare the effectiveness of bedrock geochemistry

against till geochemistry & gold grain analysis as tools for regional exploration in the

Canadian Shield, where much of the basement rock is occluded by a veneer of transported

lacustrine and glacial sediment. Holes were drilled from the frozen lake surface, through

the glacial till profile, penetrating 1.5m into bedrock. Multi-element geochemistry of the

fresh rock samples failed to show a reliable pathfinder signature while the till

geochemistry and gold grain counts provided a robust, kilometre-scale anomaly

vectoring toward the deposit’s projected intersection with the lake bottom. 
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A s t u d y  of t h a l l i u m  i s o t o p e s  from the L e e v i l l e  C a r l i n - t y p e  
go l d  de p o s i t ,  Nevada, U S A 

B i ge low, J. 1, L ay t o n - M at t h e w s,  D.2 , Voi not , A . 2, L ey b ou r n e, M. 2

1Newmont, We l s h p o o l ,  We s t e r n  A u st ra l i a ,  A u st ra l i a ,  2Depart ment of G eo l o g i c a l 
S c i e n c e s  and G e o l o g i c a l  Engineering, Q u e e n’s  U n iv e rs it y,  K in gs t on ,  Ontario,

C a n a d a 

C a r l i n  type gold d e p o s i t s  are c o m m o n l y  a s s o c i a t e d  with a s u i t e  of pathfind er

e l e m e n t s  c o n s i s t i n g  of a r s e n i c  ( A s ) ,  m e r c u r y  (Hg), antimony ( S b ) ,  and thallium (Tl).

T h e s e  e l e m e n t s  t y p i c a l l y  form broad an o m a l i e s  around t h e s e  d e p o s i t s  but prov ide

little informa tion about proximity to, or the  tenor of gold mi n e ral i sati on .  T h i s  s t u d y 

p r e s e n t s  thallium i s o t o p e  data c o l l e c t e d  from 205 s a m p l e s  c o l l e c t e d  from the

Leev ille C a r l i n - t y p e  gold d e p o s i t .  T h e s e  data exhibit a range of ε205Tl va l u e s 

rang ing from -17.4 to +7.2. S a m p l e s  exhibiting heav ier ε205Tl i s o t o p e  va l u e s 

co r re l a t e  with s a m p l e s  with h i g h e s t  Au, Tl, S b ,  A s  and Hg. S a m p l e s  exhibiting the 

l i g h t e st  ε205Tl i so t o p e  v a l u e s  c o r re l a t e  with s a m p l e s  with h i g h e s t  p o t a s s i u m , 

rubidium, and c a e s i u m .  T h e s e  r e s u l t s  su p p o r t  t hat Tl i s o t o p e s  in C a r l i n  type gold

d e p o s i t s  f ra c t i o n a te  b a s e d  on paleo -redox s t a t e  a s  r ed u c e d  monovalent Tl+1 or

oxid ized trivalent Tl +3. R e d u c e d  Tl+1 h a s  s i m i l a r  bond ing behav ior a s  p o t a ss i u m , 

and oxidized Tl + 3 h a s  a c h a l c o p h i l e  behavior. R e s u l t s  from t h i s  st u d y  s u g g e s t  that
Tl i s o t o p e s  c a n  be  u s e d  a s  an exploration tool to d i s c r i m i n a t e  r e d u c e d  Tl a s s o c i a t e d 

with d i s t a l  p o t a s s i c  alteration from that of oxid ized Tl a s s o c i a t e d  with s u l p h i d e 

m i n e ra l s  proximal to m ineralization.
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N e x t   G e n e r a t i o n   T ec h n o l og y   in  U n d e r c o v e r   Ex plor ati on

Dr  N i g e l   W.  B r a n d   1,2,  D a v i d   J .   C r o o k   3

1  P o r t a b l e   S p e c t r a l   S e r v i c e s ,   W e s t   P e r t h ,  A u s t r a l i a ,   2  C e n t r e   for  Expl oration  a n d 

Ta r g e t i n g ,   U n i ve r s i t y   of  W e s t e r n  A u s t r a l i a  3  Mount  Ridley  M i n e s   Li mited ,  W e s t   
P e r t h ,  A u s t r a l i a 

A s  m i n e r a l  e x p l o r a t i o n  i n c r e a s i n g l y  p u s h e s  into c o n c e a l e d  ( c o v e r e d )  t e r r a i n s , 

e x p l o r e r s  m u s t  m a x i m i s e  t h e  g e o c h e m i c a l  a n d  m i n e r a l o g i c a l  i n f o r m at i o n 

g a i n e d  to  u n d e r s t a n d  t h e  g e o l o g i c a l  s e t t i n g ,  t e r r a i n  p r o s p e c t i v i t y  a n d  m i n e r a l 

p o t e n t i a l   a t   v a r i o u s   s c a l e s . 

R o u t i n e ,  lo w - c o s t  g e o c h e m i c a l  t e c h n i q u e s  e n a b l e  e x p l o r e r s  to look for a n o m a l i e s 

within t h e  cloud of d a t a  h o w e v e r  m i n e r a l o g i c a l  t e c h n i q u e s  t h a t ,  a t  b e s t  pr o v i d e 

d a t a  on t h e  d o m i n a n t  m i n e r a l  p h a s e s  ( e . g .  x - r a y  d i f f r a c t i o n ,  “XRD”), a r e 

e x p e n s i v e ,  low v o l u m e  ( e . g .  s c a n n i n g  e l e c t r o n  m i c r o s c o p e  “SEM”) or

q u a l i t a t i v e   ( e . g .   s h o r t - w a v e   i n f r a r e d   “SWIR”).

W e  p r e s e n t  t h e  f i n d i n g s  of a n  ongoing r e g i o n a l  e v a l u a t i o n  s t u d y  o v e r 

c o n c e a l e d  P r o t e r o z o i c  l i t h o l o g i e s  know n t o h o s t  m a g m a t i c  n i c k e l  s u l p h i d e s  with

p o t e n t i a l  t o h o s t  o t h e r  b a s e - m e t a l ,  gol d a n d  r a r e  e a r t h  e l e m e n t s  (“REE”) s y s t e m s 

wit hin  t h e   F r a s e r   R a n g e ,   W e s t e r n   A u s t r a l i a . 

T h e  d a t a  h a s  b e e n  a c q u i r e d  by M icro-XRF  m a p p i n g  t e c h n o l o g y  which c a n 

a c c u r a t e l y  qu a n t i f y  t h e  c h e m i c a l  c o m p o s i t i o n s ,  a n d  thr ough p o s t - p r o c e s s i n g , 

i d e n t i f y  a n d  q u a n t i f y  m i n e r a l o g y  of t h e  s a m e  g e o l o g i c a l  s a m p l e .  H i g h - q u a l i t y , 

q u a n t i t a t i v e  a n a l y s e s  w e r e  u n d e r t a k e n  of  “end of hole ”  a i r  c o r e  drill s a m p l e s 

r e p r e s e n t i n g   t h e   f r e s h e s t   e x a m p l e   of   t h e   r ock   b e i n g   d r i l l e d . 

T h i s  p a p e r  d e m o n s t r a t e s  t h e  a p p l i c a t i o n  of n e x t  g e n e r a t i o n  t e c h n o l o g y  in 

u n d e r c o v e r  e x p l o r a t i o n  a n d  h i g h l i g h t s  t h e  i m p o r t a n c e  of d e t e c t i n g  r ou t i n e , 

h i g h - v o l um e ,  l o w- c o s t ,  q u a l i t y  “ trac e” m i n e r a l o g y  to i d e n t i f y  a  s u i t e  of “indicator”

m i n e r a l s  wit h t h e  p o t e n t i a l  to v e c t o r  t o w a r d s  a n d  d e t e c t  e c o n o m i c  m i n e r a l 

s y s t e m s . 

T h i s  pilot s t u d y  f o r m s  p a r t  of a  mu ch  l a r g e r  r e g i o n a l  p r o g r a m  u n d e r t a k e n  by

M ount R i d l e y  M i n e s  L i m i t e d  to u n d e r s t a n d i n g  t h e  b a s e m e n t  g e o l o g y  a n d  m i n e r a l 

p r o s p e c t i v e l y  us i n g  a  n o n - d e s t r u c t i v e  m icro- XRF t e c h n i q u e  t o q u a n t i f y 

m i n e r a l o g y  a n d  c h e m i s t r y  a n d  pr o v i d e  t e x t u r a l  a n d  p e t r o g r a p h y  i n f o r m at i o n  t h a t 

i s   “fit  f or  p u r p o s e ”   for  m i n e r a l   e x p l o r a t i o n . 
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The MinEx Co-o perative Rese ar ch Centre  National Drilli ng 
Initiati ve – novel methods  and applied geoch emi st ry

Dr Anthony B udd

G eoscie nce Australia  and MinEx  CR C

MinEx C R C i s the world's largest m ineral explor at i on resear ch collabo ratio n, bringi ng

together indust ry, government an d resea rch org anis ations . The Nati onal Drill i ng

Ini t iative (ND I) is a p art of the CR C t hat brings t ogether governm ent and univ ersity

geoscienc e dep art ments from across Australi a in the common goal of im proving

unders tanding of Australia’s mi neral r esourc es.

The Earth r esources sect or is a vital part of Austr ali a’s economy, and our f uture wellbeing

demands a continuing pi peline of dis covery. The ND I pr ec om petit i ve stratigraphic

dril ling campaigns have been condu cted in the fro nti er regions of East T en nant (NT),

South Nichols on (NT), Delamerian Orogen (SA and NSW), P aterson (WA ) and Eu cla

(WA ), with others to co me. Each c ampaign has provided new ro ck chip a nd core sampl es

from ke y regolith and basement units, s ome of which have nev er pr eviousl y been

sampled. Ne w technol ogy developed by ND I re search ers and appli ed to the drill ing

campaign areas includes the following :

• R egolith characte risati on has been mad e easi er by new softwa re that produ c e pseudologs

through mul tivariate anal y sis of rapid field-a cquir ed geoch emi cal, hypersp ectral and

petrophysical data. While developed sp ecific ally to aid i dentification of bo undaries in

regolith, t he method also can be  appli ed to baseme nt st rati graphy.

• New dati ng methods allo w rapid cha racterisation of stratigraphic, te ctonic and alt eration

events. Mi croanalyt ical techniques using l aser abl ation same-mass isotopes  allow a much

wider range  of miner als t o be analysed in their p et rogenetic/l ithol ogic/parageneti c

contexts – especiall y important as w e study new styles of c rit ical mineral deposit s.

Dif fusion m odelling of high precisi on Ar -Ar p lateau spect ra all ows an e xt ensive thermal

hist ory to be revealed from tiny amount s of material.

• New software is being de veloped to maximi se the information gained from chemical and

isot opi c micro-mapping of samples. This allows bett er predi cti ons of the mineral

potenti al of a region f rom t he study of just a few un econom i c mi neral occu rren ces, which

are o ften found befor e major depo si ts  are.

The collaboration between MinEx CRC researche r s and geologi cal s urveys has proven

very powerful in bot h t rialli ng new analytic al m ethods, but also t o provide a muc h more

rapid, inform ed geological framework in frontier cov ered t err anes t han has previousl y

been possi bl e. Web portals with analyti cal tool s facil i t a t e  data delivery to explorers more

p romptly afte r drill i ng, allowing faster investment de cisi on making, which is neces sary

to keep investment i n Aust rali a to support the transiti on t o a low car bon economy.



11

  B uilding an i n t e g ra t e d  g e ochem i s tr y  i n t e r pr e ta t i on app for 
t h e  Paters o n  P rovince

Harrison Button

Geo d ata   S c i enti s t ,  Rio T i n to  Exploration

Rio T i nto  Exploratio n (RTX) discovered t h e  Winu Cu-Au de p o s i t  in 2017. From t h a t  time

for wards, co llection of a co n s i ste nt  assay s u i t e  t h ro u g h  a s usta i ned  exploration effo r t 

has res ul t e d  in a large, ‘ML ready ’, drilling d a ta s et  acros s t h e  Paterso n  province. To better

leverage t h i s  a ss et ,  an application has been c reate d  t h a t  allows geo scientis t s  t o 

a u t o m atically have new samples classifi ed by l it h o l o g y  and ‘distance t o  Winu’ and can

work o u t  which o t h e r  samples are geochemically similar t o  s el e c ted  drilling i nte r val s . 

This helps w i t h  st ratigraphic modelling and near-miss identification, w i t h o u t  t h e  user

having t o  o p e rat e  my riad t ec h n i cal  software and manually c o l l ate  d a t a  from di ffe re nt 

sources.

The application was developed w i t h  assi stan ce o f an ex te r n a l  co nsulting gro up, and t h e n 

b rou g ht  in house by t h e  i nter n a l  d ata  science te a m .  The d at a  pipeline has been

a u to m at e d  so little human i nte r v ention is required t o  upd a te  t h e  application as new

drilling re s ul t s  come in. D a t a  engineering e ffo rt s  have improved application performance

over me.

RTX now has unparalleled unde rstandi n g  of i nt ers e cte d  geolo gy in t h e  Pater son,  and t h e 

to o l s  t o  rapidly apply t h a t  knowledge. RTX can a s s i st  p a r t n ers t o  g e t  mo re from t h e i r 

own p ro je c t s .  In addition, sug gestio ns o n a lte r n ativ e approac hes and application design

would be welcome from t h e  broader d a t a  scienc e c o mm un i t y. 

“If you had all t h i s  d a t a  and geos cienc e understandi ng ,  w h a t  would you do w i t h  i t ? ” 
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Ent wined in the pines – res ults of some reg ional 

biogeochemical mapping studi es

David  R. Co h en,  Joseph A.  Schif ano  and  Neil F.  Rutherf ord

Eart h and  Sustainab ility Research  Centre, Schoo l of Biological, Earth  and  

Environmental  Scien ces,  Universit y of New South Wales UNSW 2052 NSW Au st ralia

The use of plants as a sampling media in exploration and env ironmental geochemical

studies goes back to the early part of the 20th Century. The application in regional
geochemical mapping programs was, however, a later develo pment. Co lin Dunn was a

pioneer in the use o f  tree organs in regional surveys, and completed a  number of such

studies in Central and Eastern Canada, and elsewhere. Plant biogeochemistry, however,

remains a rarity. This is probably a function o f concerns over the species-specific

geochemical response to the compo sition of the underlying regolith, groundwater and

other site characteristics, as well as po tential seaso nal variability.

Recent studies conducted in Cy prus and the Cobar Basin of New So uth Wales indicate

both potential o f biogeochemistry in detecting variations in lithology and the effects of

mineralisatio n or contamination. There are particularly strong responses in the needles o f

conifers to variations in a  suite of elements that are typically elevated in ultramafic ro cks

and associated styles o f  mineralisation, including Ni, Co and M g. Mineral deposits

asso ciated with felsic units and structurally-controlled polymetallic deposits in the

Cobar Basin commonly display highly elevated concentrations o f Au, Pb, W and other

elements in pine needles.

The use of in-situ portable XRF as the primary analytical m ethod for selected elements

offers the chance of conducting large-scale surveys rapidly and cheaply, depending on

species  availability.
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G e o c h e m i c a l a nd S t r u c t u r a l A r c h i t e c t u r e o f the
Andover Pe g m a t i t e s : A R ev i s e d Temporal a nd S p a t i a l M o d e l 
f o r  Pegmatite G e n e s i s  in the N o r t hwe s t  Pilbara

Dr J o s h u a  C o m b s ,  Mr R i c h a r d  Cub i tt

S i n c e  d i s c ov e r y  of the s p o d u me n e - b e a r i n g  pe g mati tes h o s t e d  in the Andover

I n t r u s i o n  ~5km S E  of Roebourne, Azure M i n e r a l s  h a s  c o m p i l e d  a  w o r l d - c l a s s 

g e o c h e m i c a l ,  s t r u c t u r a l ,  g e o l o g i c a l  ( l i th o l o g ic a l ,  m i ne r a l og ic a l ,  textural) and

s p e c t r a l  d a t a s e t.  U s i n g  a h o l i s t i c  g e o l o g i c a l  a p p r o ac h,  the c o m p a n y  h a s 

a c c e l e ra te d  the d i s c ove r y  and d elineation of one of the m o s t  e c o n o m i c a l l y 

s i g n i f i c a n t  d i s c o v e r i e s  of the 21st  Cen tur y.

Whole r o c k  g e o c h e m i c a l  a n a l ys i s  from d r i l l c o r e  and r o c k  c h i p  s a mp l i n g  have

allowed for deta iled l i t h o g e o c h e m i c a l  c h a r a c te r i s a t i o n  of the pegmatite sys t e m  at

Andover. The c h e m i c a l  d a t a s e t  p r ov i d es  key temporal an d s p a t i a l  i n s i g h t s  into the

lithium  o r e -fo rm i n g   sys t e m ,   hinting  at   the unique o r i g i n s  of the Tier 1 d e po s i t . 

The c o m b i n a t i o n  of g e o c h e m i c a l ,  s t r u c t u r a l ,  l i th o l o g i c a l ,  m i ne r a l og ic a l ,  textural

ev i d e nc e  point towa r d s  an a n a t e c t i c  origin for the Andover pe g m a t i tes ( S t e w a r t 

1978, Ko o p m a n s  et al. 2023). The l i t h i u m- e n r i c h e d  pe g m a t i t i c  melt w a s 

s t r u c t u r a l l y  e m p l a c e d  at s h a l l owe r  c r u s t a l  l eve l s  within the Andover M a f i c - 

U l t r a m a f i c  c o mp l ex .  The pegmatite under went a high degree of f r a c t i o n a t io n 

within the s t r u c t u r a l  network duri ng e m p l ac e m en t ,  o b s e r ve d  a s  sy s t e m a t i c 

va r i a t i o n s  in whole r o c k  g e o c h e m i s t r y  within the pegmatite swa r m.  T h i s  open

sy s t e m  behaviour fa c i l i t a te s  a more extreme degree of f r a c t io n a t i o n  to a pure

s po d u m e ne - q u a r t z  melt, and in m u c h  higher vo l u mes  than might be p l a u s i b l e  with

c l o s e d   sy s t e m  f r a c t i o n a t io n   within  a  granite pluton.

T h i s   model  h a s   fa r - r e a c h i n g   i m p l i c a t i o n s   for  the  way  e x p l o r e rs   s e a r c h   for  

l i t h i um - b e a ri n g  pe g m a t i tes in the no r t h wes t  Pilbara and globally.

R e fe r e n c e s : 
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A heav y mineral map  o f Au stralia

Ad j Prof Patrice de Caritat, C u r t i n  Uni vers i ty, G eoscience Austral i a, Dr Al exander T.

Walker, C u r t i n  Uni vers i ty, Prof Brent I. A. McInnes , Cu r t i n  Universi ty, Dr Evgeni y

Bastrakov, Geos ci ence Australi a, Mr Philip  Main, Geoscience Australia

Heavy mi nerals ( HMs ) , i .e. thos e wi th s pecific gravi ty >2.9 g /cm 3 ,  have be en us ed
s uccessfu l l y around the world in en ergy and mi neral exp l o rati o n .  In Australi a, however,

no pu bl i c - domain database or maps of the ba ckground HM ass embl ages or di strib u t i o ns

exi st. Here, we des cribe a proj ec t  that del i vered the worl d’s fi rst p reco m p e t i t i ve 

conti n ental - s c ale HM datas et and m aps . We appl i ed automated mi neralogical

i d e nti f i c at i o n  and q u a nt i f i cat i o n  of the HMs contained in floodpl ain s edi ments from large

catchments covering most of Australia. We a chi eved thi s by leveraging the archived

sampl e c o l l ect i o n  from the N a t i o n a l  Geoche mi cal Sur vey of Australi a ( N GSA) . The

elemental and is otopi c co m p o s it i o n  of thos e s edi ments previous l y has been s hown to

reflect the domi nant ro ck types i n the up stre am catchment( s ) . T hu s , the generall y res i stant

HMs we re hypothesi s ed to largely pres er ve the mineralogi cal fingerpri nt of thei r host

protoliths through the weathering – transport– d ep o s i t i o n  cycl e. Underpinn i ng thi s vi s i on

was a pi l ot project, b as ed on 10 s ampl es from th e N G SA s ampl e archi ve, whi ch all owed

devel opm e nt of a fit-for-purpos e methodol ogy and demons trated th e feasibi l i ty of a larger,

nat i o n a l - s c ale project. T he proje ct focus ed on th e 75 -4 2 5 µm f ra c t i o n  of the N G SA’s

‘ bottom outl et s edi ment ’ (BOS) sampl es ( taken on average from a d epth of 60 - 80 c m) to

mi ni mis e both anthropogenic and  aeol i an influences .

Two tranches of the HM dataset, one f rom s o utheastern Au stralia, the oth er f rom northern

Queens l and and the N orthern Territory, were releas ed in 2022 as data becam e availabl e.

Since those p a r t i a l  rele as es,  the comp l ete nat i o n a l - s c al e  HM datas et, report, and atlas we re

m ade pub l i c in late 20 23. They cons i st of a staggering >140 mi l l ion mi neral obs e r vati o n s 

f rom all 1315 NGSA sampl es , i d e nti f y i n g  >160 mi neral speci es . In order to e f fecti vely

deal with such ‘bi g data’, w e created a bes poke, cloud -bas ed mineral network analys i s

( MN A) tool to vi s ualize, di s cover and i nvesti gate rel a t i on s h ip s  between HMs as well as

be tween them and geol ogi cal s e t t i n g s  or mi neral dep os i ts . We envi s age that th e H eavy

Mi neral Map of Australi a ( HMMA) and MN A tool wi l l contribute s i gn i ficantly to mi neral

prospe c t i v i t y  analys i s and modell i ng , p art i c u l a rl y  for technology cri t i c a l  elemen ts and

their host mi nerals .  In du stry uptake of the H MMA datas et s i nce the rel eas e s uggests

us eful nes s and t i m e l i n e ss of thi s p reco m p e t i t i ve  as s et.



15

Diag enesis of groundwater calcrete and paleochannel 

sediments : Implication s fo r the genesis of channel and  playa  

uranium deposits

Drummond, J. B. R ., P ufahl, P. K., James, N. P., Bowell, R. R ., Wilde, A., Layton -

Matthews, D., Kyser, T. K. �

Channel and playa uraniu m deposits are a sub -type of surficial u ranium dep osit s that form

in Tertiary to Re cent gro undwater calc rete and as sociated dolomitic, clay -r ich,

paleoch annel , an d playa sedim ents. The primary ore mi neral is the potassium -

uranyl-vanadate, c arnotite (K2(UO2)2(VO4)2·1–3H2O). Despit e the economic potential

of channel and playa deposits, the re is a de arth of contempor ar y research fo cused on

u nderstanding their genes is. As a  result, the re remains si gnificant unc er tainty about

how these de posits form.

Signi ficant findings include 1) a key mineral assemblage of authi genic Mg -clays

and sedimentary dolomit e wit h carnotit e in both groundwater calc rete and associated

clastic s ediments that post-dates calcr ete formation; 2) authigenic Mg -clays are an

essential n ucleati on substrate for both sedimentary dolom it e and carnotite; 3)

com parison with other chann el and playa uranium deposits in Western Australi a and

Africa r eveals that this Mg -clay-car bonate association is common in channel and

playa uranium  deposits  a cross the globe.

Carnotite precipitation is interpret ed to b e f acilit a ted by evaporati on -driven

sedim entary dolomit e precipitation, which establis hes a po sit ive feedb ack loop th at

diss ociates u ranyl -carbonat e complex es , increasing carnotite s aturation in pore

w ater. Magnesium clays a r e interpreted to h ave a tan dem role in thi s pro cess, serving

as an essential n ucleation subst rate for both sedim entary dolomit e and carnotite.

M agn esium clay-mediated dol omite nucleation also provides new insi ght into the

dolomite problem. T his long -standing issue arises from the disparity between the

abundance of dolos tone in the rock record and the inabili ty to precipitate low -

temperatur e dolomit e under lab oratory conditions . R ecognizing sedim entary dolom it e

in channel and playa u ranium depo sit s is  im portant because it preserv es a prima ry

isot opic  composit ion  of near-su rface aqui fers.

Integ rating these findings with previously published data int o a mi neral systems

framewo rk identifies seven factors that are req uired to form economic carnotite

deposits: 1) sources of ur anium and vanadium; 2) low hydraulic gradient; 3) high

precipitatio n deficit ; 4) shallow, unconfined, hig h permeabilit y aquifers; 5) focusing of

U-bearing groundwat er into the zone of ev aporation; 6) e vaporation to drive the p 

hysico -chemi c al  process es  mediating  carnotite precipitation; and 7) time .
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Pa nto n Sill: m ore dynamic t h a n o ne long li ved magm atic

e ve nt . 

B a r b a r a   D u g g a n ,   F u t u r e   M e t a l s   L i m i t e d 

The Panto n  S ill, whic h h os ts  Australia’s l a rg e st  PGM de p o s i t  in t h e  E a st  Kimberley, i s

his to r i cally  considered t o  be a n is o l ated  i ntr u s i o n .  A re c e nt  de ep drill ho l e and m ulti

e l e m e nt analysis has confirmed t h e  dy namic n a tu re  o f t h e  mafi c - ult ramafic intr us io n , 

in par t i c ular, t h e  presence of s e p a rate i nt r u s ive  phases. The m o st  s i gn ifi c ant being

t h e  di sc over y o f a sulphide ric h magma being emplac ed fi rst ,  fol lowed by a p latinum

gro up mine ral phase whic h ho st s  t h e  economic PG M and chromitit e  mi nera lisatio n.

The initial ma gma has a st ro n g  Ni-Cu-S as sociation t h a t  is confi rmed in t h i n  sec  on by

t h e  presenc e of fine -grained magma c chal copy r it e , pyrrho t i t e  and p e nt l a n d i te .  An

o livine o i ko c rys t  marker hori zon, w i t h i n  t h e  initial magma, is defi ned by a higher MgO

c o n te nt ,  a higher 2 :1 ra t i o o f Ni:Cu a nd an absence of P t  and Pd compared t o  t h e  r e s t 

of t h e  u n i t .  Thi s ma rker  ho rizo n is obs er ved near t h e  upper c o nt a c t  o f t h i s  ul t rama fi 

c  w hic h i s ov erall up t o  200 m t h i c k  on t h e  no r t h e rn  c o n t a c t  of t h e  Pa nto n  Sill.

Following t h e  e mp la ce m e nt  of t h e  i nitial i ntr u s i v e  ul t ram a fi c ,  a period of h i at u s 

followe d, whi ch is defined by a zone o f  mix ing up t o  50m t h ic k .  The n ex t  int r u s iv e 

ul tramaf i c  is c h a ra c te ri se d  by a highe r M gO co n t e n t ,  an enri c h me nt in P t  a nd Pd b u t 

a depletio n in sulphur. This is di stin c t l y  di ffe ren t  when compa red t o  t h e  i n itial

intr u s i ve t h a t  co mprises t h e  basal c o nt a c t  o f t h e  Pa nto n  Si ll. The e co nomic chro mitit e 

ho rizon and a sso c iate d  PGM’s w i t h i n  t h i s  int r u s ive ,  are empl ac ed nea r t h e  upper

c o nt a c t  o f t h e  u l t rama fi c  t h a t  is up t o  25 0m t hi c k . 

The ide ntification o f t w o  distin c t  phases of m agma ,  one sulphide rich and t h e  o t he r 

PG M r ic h, s u g g e st s  f u r t h e r  p o te ntial for fertil i t y  w i t h i n  t h e  Pa nto n  Complex. These

r e ce nt  advances by t h e  use of multi-e l e m e nt  da ta  have ide ntified d i ffe re nt intr u s ive 

pha se s as well as varia on w i t h i n  t h e  u n i t s .  The se var iations, particul arly in t h e  bas al

u l t rama fi c ,  sug ge s t  p o t e n t i al fo r mag matic sulphide ex ploratio n w hich has bee n

prev io usly overlo oked.
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Mapping the ge ochemica l la ndsca pe over  the  Borden Lake 
G old Depos it, Kapus kasing  S tructural  Zone,  northeastern 
Ontar io,  Cana da

Richard Dyer, Sediment and Soil Geochemical Services

A mul t imedi a geochemical sur vey was conducted t o characterize t he geochemi cal

landscape surrounding the Borden Lake gol d deposit prior t o t he development of t he

mi ne, whi ch began pr oduction i n 2019. Str eam sedi ment , l ake sediment, l ake water and

till were collected and analyzed f or a c ompr ehe nsi ve suit e of geochemi cal parameters.

Relative organic-inor ganic cont ent and landscape variations, i ncluding stream

catchment/lake morphol ogy were found t o  be signifi cant sources of vari ability t o

cons i der when interpreting t he geochemical data. Gold and Mo anomali es were

detected i n t he down -ice direction up to 3 km f r om t he deposit i n bot h till and lake

se diment . T he patterns of molyb denum anomalies in all sampled medi a a r e 

c orroborated by l ithogeochemi cal data and visual obser vations of Mo within the Borden

deposit minerali zed envelope. Alt hough t he model f or t he Borden Lake Gol d deposit

suggest s it was part of a syn-volcani c se afl oor hydrothermal system t hat was

r emobi li zed during metamorphi sm as an or ogenic gol d deposit , t he pr esence of Mo i n

t he mineralized envelope and t he Au-Cu-Mo si gnal detected in surficial medi a ,

suggests potential for an original Cu -porphyry syst em, w hi ch has recently been

post ulated for t he Côté Gold Au( -Cu) deposit located i n t he Swayze greenst one belt,

approximately  100 km to  the sout heast of  Borden Lake.
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Pea t geo che mistry tran sects ove r the Trip le-J g old zone,

McFaulds L ake (“Ring of  Fire”) Area, No rthern On tari o , Canad a

Richard Dyer, Sediment and Soil Geochemical Services

Peat sampl ing transect s across a known gold zone wi thin the Ring of Fire ( RoF) ar ea

were compl eted t o test t he vi ability of conventional peat geochemi stry as a n

expl oration technique i n t he t hick peat landscapes of t he RoF. The landscape of

t he region i s compl ex, wit h extensive peatlands and glacial deposits overl ying bedrock.

T he initial sampling transect was widely spa ced ac ross t he Muketei greenstone belt;

subsequently several det ailed transects were compl eted across Wyloo Metals ( former l y

Noront/Ring of Fire Metals) T riple -J gol d zone. T he peat sa mpl es were collected

fr om at l east 20 cm above the inorganic substrat e. For comparison, sampl es of Black

Spruc e bar k and i norganic substrate (clay t ill or glaciolacustrine clay ) were also

collected. In -si t u moist ure and pH measurements were obtained using a soli d -st ate pH

meter. T he peat sampl es under went conventional sampl e pr eparation (air drying and

sievi ng at -50 mesh) followed by aqua -regia di gest (ARD) ICP–M S and Enzyme Leach

(EL) extraction ICP -MS. T he inorganic substrate and bark sampl es underwent MMI®

anal ysi s.

T he pH data show a drop over the T riple -J zone, i nferri ng t he possible influence of

an acidic “cap” perhaps related t o a redox chi mney. Coll ecti vely, all t he peat

geochemi stry r esults contributed t o a suite of metals including Au, Bi, Mo, W  and Zn

t hat are spatially related t o t he Triple -J gold zone. T hese patter ns include apical peaks,

r abbit ears or edge anomalies. T he weak leach ( EL) peat geochemi stry achieved t he

strongest signal to noise (S/N) ratio and br eadth of metal suite, i ncluding t he best

A u  res ponse of all sampled medi a, compared to the results fr om clay subst rate and tree

bar k.

Redox gradient t ransport is the most likely t heor y to expl ain t he metal anomalies

above the T riple -J zone. It i s suggested that t he high water t able typical of RoF

landscapes has r esulted i n a “redox fr ont” ( meta l accretion zone) development wi thin

t he overlying peat, possibly enha nced by t he met al bi nding capacity of organics and

consistent peat textures, which have cont ributed t o pr oduce a better S/N ratio compar ed

to t he variably t ext ured i norganic subst rates, that are typically below t he water t able i n

t he RoF area.
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Finding copper-gold deposits under cover: insights from silcrete
geochemistry at Winu,  Western Australia

Dr. Stephanie Greene, Supervisor Resource Geologist at Rio Tinto Copper –  Winu, Dr.

Michael Whitbread, P rincipal Geos c i e ntist at Rio  Tinto  E x p lorati o n  – AAR

A key challenge in the mo dern exploratio n  environment is identi f y i n g  prospecti ve terranes

under post-mineralisation sedimentar y cover. The Winu deposit in the Paterson region of

Western Australia’s Canning Basin is a structurally-controlled Cu-Au deposit which

occurs under ~70 m of Phanerozoic cover. Extensive drilling in the Winu area reveals that

a certain horizon within the cover sequence overlying Winu has d i sti n c t  geochemical

signatures from those that occur away from the deposit. This ho rizon, a  harder zo ne

beneath the sand typically cemented by silica, has been variably log ged as silcrete,

ferricrete, o r a mo ttled and siliceous zo ne. There is a  strong s pat i a l  co r re l at i o n  between

higher Nb/Al rat i o s  in this silcrete horizon and the occurrence of leached cap in the Winu

area. Applying this geochemical test to similar horizons from drillholes acro ss the

Paterson region suggests that similar composit i o n  silcrete/ferricrete are noted in other

areas, including those with known mineralisation, but the genet i c  relati o n s h i p  to

mineralisati o n  is s t i l l  conjectural. At least so me supergene processes are therefore likely

to have occurred after the deposit io n  of the P hanerozo ic cover sequence in the Paterson

region, leaving geochemical signatures in the cover which may be predicti ve of supergene

enrichment o f  Cu-Au deposits at depth.
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Keynote: Fluid and Metal S o u r c e s  in A r c h e a n  Or o g e n i c  
Gold S y s t e m s 

Dr S c o t t  Halley, Mineral Mapping Pty Ltd

A r c h e a n  g r e e n s t o n e - h o s t e d  gold d e p o s i t s  are c h e m i c a l l y  and m i n e ra l og i c a ll y  zone d

when o b s e r v e d  at the s c a l e  of a gold c a m p .  The pathfinder element p a t t e r n s  re s e m b l e 

m odern porphyry -epithermal d i s t r i c t s .  The major e lement pa t t e r n s  are c o n s i s t e n t 

with a m i ne r a lo g i ca l  zoning from albite -K fe l d s p a r  to albite+ p o t a s s i c  white m i c a  to

p o t a s s i c  white m i c a  to m u s c o v i t e - p a r a g o n i t e  m ix t u r e s .  The f e l d s p a r - r i c h 

a s s e m b l a g e s  c o m m o n l y  o c c u r  with hydrothermal biotite and are  c o m m o n l y  a d j a c e n t 

to hornblende porphyry i n t r u s i o n s .  The white m i c a  bearing r o c k s ,  e s p e c i a l l y 

m us c o v i te - p a r a g o n i t e  co m m o n l y  o c c u r  j u s t  at or below u n c o n f o r m i t i e s ,  whe re

e p i c l a s t i c  r o c k s  overlie the gr e e n s t o ne  v o l c a n i c  s e q u e n c e s .  The white m i c a s 

ty p i c a l l y  o c c u r  with c h l o r i t e  and ca r b o n a t e s .  The fe ld sp a r -b e a r ing  a s s e m b l a g e s  are

t y p i c a l l y  an o m a l o u s  in Mo -Bi-Te. The m u s c o v i t i c  a s s e m b l a g e s  are m o s t  a n o m a l o u s 

in a r s e n i c .  The p a r a g o n i t i c  r o c k s  are m o s t  a n o m a l o us  in antimony, c e s i u m  and

lithium. The p a r a g o n i t i c  r o c k s  have pathfinder s i g n a t u r e s  that are c h a r a c t e r i s t i c  of

very low temperature hydrothe rmal e n v i ro n me n t s  s u c h  a s  the upp e r 1km of modern

a c t i v e  geothermal s y s t e m s .  Wher e t h e s e  r o c k s  have been me t a mo r ph os e d ,  they

retain the s a m e  major element c o m p o s i t i o n s ,  i.e. a l b i t e - m u s c ov i te - pa r a g on i te 

g e o m e t r i e s  on alteration g e o c h e m i s t r y  p l o t s ,  and they retain the s a m e  low 

tempe rat ure pathfinder s i g n a t u r e s ,  but they alter their m ineral a s s e m b l a g e s .  For

example,  amph ibolite-grade r o c k s  end up with b i o t i t e - a c t i n o l i t e - c a l c i c  p l a g i o c l a s e 

but s t i l l  have the  s a m e  bulk c h e m i s t r y  a s  m u s c o v i t e - p a r a g o n i t e - c h l o r i t e . 

The a c c e p t e d  w i s d o m  in o r e -d e p o s i t  m o d e l s  i s  that or o g e n i c  f l u i d s  are derived from

g r e e n s t o n e s  a s  the y undergo  a t r a n s it i o n  from g r e e n s c h i s t  to amphibolite grade

m e t a m o r p h i c  f a c i e s ,  and the metal b u d g e t s  in t h e s e  s y s t e m s  are derived by e x t r a c t i o n 

of m e t a l s  and s u l f u r  from large v o l u m e s  of g r e e n s t o n e s .  However, the dat a p a t t e r n s 

reveal that m o s t  o r o g e n i c  vein a r r a y s  are formed within v o l u m e s  of r o c k  that had

undergone earlier hydrotherm al altera tion . T h i s  s u g g e s t s  that the m e t a l s  and s u l f u r 

were l o c a l l y  derived from within p r e v i o u s l y  altered r o c k  an d travelled on a s c a l e  of

p e r h a p s  t e n s  to h u n d r e d s  of m e t e r s .  Fluid w a s  generated  by c o n v e r t i n g  low

temperat ure p h y l l o s i l i c a t e s  to higher temperature a s s e m b l a g e s .  The hi g h e s t  vol ume

of fluid would have been genera ted from sm e c t i t e - b e a r i n g  r o c k s ,  h e n c e  the

a s s o c i a t i o n  with low tempera ture p a th f i n d e r s . 
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D i f f e r e n t i a t i n g   d e t r i t a l   f r o m   c hem ic ally m obi le e l e m e n t  

s i g n a t u r e s  by  combining   c lay f r a c t i o n  soil  g e o c h e m i s t r y  

and  s p e c t r a l  m i n e r a l   p r o x i e s 

Anicia Henn e, Ry an R.  P. Noble, Dave Cr aw,  Ian  C.  Lau, David Cole

C S I R O   M i n e ra l   R e s o u rc e s ,  Kens ingt on,  W e s t e r n   A u s t r a l i a 

Here w e combin e mult i -e le ment geochemistr y and spectral mineralo gy of th e ultr afine

fr acti on of soi l samples and i nte rpret the result s i n m ac hine-le arn ed la ndsc a pe

c onte xt to separ ate chemically mobil e from detrital geo c hemic a l si gnals. So il surveys

are ofte n t he first pass physical prosp ectiv ity method emplo yed in greenfields

exploratio n. In a reas of cover, the abilit y to separate chemi c ally mobi le from detrita l

signa ls of target and path finder elem e nts is crucial for explo ratio n su ccess. This is

esp ecially t rue in Australia , wher e a pproxima tely 80 % of t he surfa ce i s c ov ere d i n

t ransported regolit h (surface cov er m ate rial s that de velop via erosio n, tra nsportation,

and sedim enta tion proc e sses). Additi onal soil properties such as mineralogy and

pH can give crucial addit io nal informat ion to suc cessfully in te rpret geochemic al

result s. However, the se soi l propert ie s a r e traditi onally not routi nely analysed , and

costs can be prohib itive . A recently devel o ped soil analytic a l me thod

(Ultra Fin e +®) combines m ulti- element geochemistry, visib l e ne ar-infrared re flectance
s pectroscopy on the ultrafine soil fraction, as well as pH, at cost- effecti ve price s for

routine gre e nfields exploratio n. Over 20,000 ult r afine soi l sample s a c ross t wo site s i n

th e Gascoyn e Provi n ce and the Yi lga rn Craton were analys ed for 50 elements , spectral

mineralo gy proxie s and pH. While the lithology in bot h se ttings shows simi laritie s (e.g.,

hig hly fe lsic, diffe renti ated, l o w Ca, Mg a nd Fe granit es), the y have un dergone

vastl y differ ent weathering histo ries. By int e rpreting the geochemic al analyses an d

mi neralo gy proxie s in the context of da ta-driven la ndscape models, we can distinguis h

e xploration-relev ant signatures , su ch as detrita l Cu signals in smecti t e-rich alluvia l

c hannels a nd chemic a lly mo bi le Au associated wit h relic t pri mary versus detrital

signatures in  weathe red s econdary mine ralogies.
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F i n d i n g   b e a u t y   i n   t h e   o l d   a n d   i m p e r f e c t :   e x t r a c t i n g   
v a l u e   f r o m   h i s t o r i c  g e o c h e m i c a l   d a t a s e t s   a n d   p X R F   i n   
t h e   R e d   L a k e   g o l d   c o m p l e x ,   O n t a r i o ,  C a n a d a 

N e d   H o w a r d ,   A l l a n   B i e b e r ,   R y a n   D e s j a r l a i s ,   V i t t o r i a   S m i t h 

Ev olut ion  M ining  Ltd,  L e v e l   24/175  L i v er p o o l   S t r e e t ,   S y d n e y   N S W   2206, 

N e d . h o w a r d @ e v o l u t i o n m i n i n g . c o m 

S o m e   of  t h e   h i g h e s t   i m p a c t   i m p r o v e m e n t s   to  o r e   d e p o s i t   k n o w l e d g e   a n d   

e x p l o r a t i o n  m o d e l s   c a n   b e   r e a l i s e d   by  m a x i m i s i n g   t h e   v a l u e   from  p r e - e x i s t i n g , 

l a r g e   but  u n l o v e d  g e o c h e m i c a l   d a t a s e t s ,   h o w e v e r   v a r i a b l e   a n d   f l a w e d   t h e y   

a r e .   L i k e w i s e ,   u n d e r - u t i l i s e d  p o r t a b l e   a n a l y t i c a l   t e c h n o l o g i e s   ( e . g .   pXRF)  h a v e 

t h e   p o t e n t i a l   t o  r a p i d l y   p r o v i d e   f i t - f o r - p u r p o s e   d a t a   in   a p p l i c a t i o n s   b e y o n d   t h e   

t a r g e t   m e t a l   a n a l y s e s   t h e y   a r e   t y p i c a l l y  u s e d   for ,  bot h  in   e x p l o r a t i o n   a n d   o r e   

c h a r a c t e r i s a t i o n   a p p l i c a t i o n s . 

G ood  e x a m p l e s   of  t h e   a f o r e m e n t i o n e d   o p p o r t u n i t i e s   c o m e   fr om  t h e   R e d   L a k e   

gol d c o m p l e x ,   C a n a d a .   H e r e ,   a   p r e - e x i s t i n g ,   v e r y   l a r g e   m u l t i - e l e m e n t   

g e o c h e m i c a l   d a t a s e t  h a s   b e e n   u s e d   t o  b e t t e r   m a p   l i t h o l o g i c a l   u n i t s   a n d   inf orm

3D  g e o l o g i c a l   mo d e l l i n g   for r e s o u r c e   e s t i m a t i o n   a n d   n e a r - m i n e   e x p l o r a t i o n   

t a r g e t i n g .   D e s p i t e   l i m i t a t i o n s   d u e   t o s i g n i f i c a n t   a n a l y t i c a l   i s s u e s   a n d   a   d i v e r s i t y 

of  a n a l y t i c a l   t e c h n i q u e s   a n d   e l e m e n t a l  s u i t e s ,   t h e   m o s t   s t r a t i g r a p h i c a l l y   

i m p o r t a n t   r ock  u n i t s   c a n   b e   d i s c r i m i n a t e d   u s i n g   t h i s  d a t a s e t ,   including  

d i f f e r e n t   g e o c h e m i c a l   s u i t e s   of  v i s u a l l y   s i m i l a r   b a s a l t s   a n d   of  f e l s i c  i g n e o u s   

r o c k s.   T h e   i m p r o v ed   s t r a t i g r a p h i c   r e s o l u t i o n   a l s o   e n a b l e s   b e t t e r  

r e c o n s t r u c t i o n   of  m i n e r a l i s a t i o n - r e l a t e d   li t h o - s t r u ct u r a l   a r c h i t e c t u r e   a n d   b e t t e r  

p r e d i c t i o n   of  t r a p   s i t e s   for  i m p r o v e d   n e a r - m i n e   t a r g e t i n g .   A d d i t i o n a l l y ,   m o s t  

s t r a t i g r a p h i c a l l y   i m p o r t a n t   rock  u n i t s   a t   R e d   L a k e   c a n   b e   m o r e   e f f e c t i v e l y  

d i s c r i m i n a t e d   u s i n g   pXRF  a n a l y s i s   of  dr ill  c o r e   dur ing  logging,  a v o i d i n g   long 

t u r n a r o u nd   t i m e s   f or  t r a d i t i o n a l   a s s a y   l a b o r a t o r y   a n a l y s i s . 
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G eo c h em ic a l an d  m in eralo g ic a l  sig n a tu res  o f  th e Ro c k lan d s  
C u - A u - ( C o )  d ep o sit,  N o rth west Qu een slan d ,  A u stralia

Dr R hiannon J one s, Dr E le na B e lousova, Courte ney Dhnaram, Dr Vladimir L isitsin,

Dr  Alkis  Kontonikas -Charos,  Dr  Al- Tamini  Tapu  and  Dr Be njamin  Hine s

T he Roc kla nds C u- Au- (C o) deposit is one of numerous minera logica lly a nd

geoc hemica lly diverse I O CG deposits in the Mount I sa Provinc e of N orthwest 

Queensla nd, Austra lia . Roc kla nds consists of tw o ma jor, struc tura lly controlled ore

bodies; L a s Minera le a nd Roc kla nds South, hosted w ithin Proterozoic

meta sedimenta ry a nd volca nic roc ks. T he deposit conta ins a supergene enric hment

bla nket a nd hypogene minera lisation w ith domina ntly sodic a nd ca lc ic -ferric

a lt e rat i on. 

T he Geologica l Survey of Queensla nd (GSQ) c ha ra c terised fi ve drillholes from

Roc kla nds South a nd L a s Minera le using a ra nge of hyperspec tra l, geoc hemica l, a nd

mic roa na lytica l  tec hniques . C onti nuous hyperspec tra l a nd XR F core sca nning w ith

s ys te mati c  w hole roc k multi - e le ment geoc hemistry provided a n e f fec t i ve  method to

c la ssif y a lt e rat i on  a nd lithology va riat i ons  throughout the deposit. Sele c t i ve  sa mples

w ere a na lysed using B ruker Torna do μ XR F ima ging a nd SE M- T I MA to resolve

deta iled pa ra genet i c  relationships a nd fi ne - sca le minera l a s s oc iations. B a sed on

Torna do a nd SE M- T I MA ima ging , mult i ple  sa mples of sulfi des a nd Fe ox ides w ere

selec ted for Fe a nd C u isotope a na lys e s, a s pa rt of a s ys te mati c  GSQ progra m of

geoc hemica l  a nd  isotopic  fi ngerprinting  of  I OCG  deposits  in  the  C lonc urry  distric t.

Hyperspec tra l a nd mic roa na lytica l  a na lyses revea led the oc c urrenc e of dis t inc t 

a lt e rat i on  zones of domina nt a lbite, a c t i nolite, ca rbonate a nd, loca lly, K-feldspa r.

C ompa rison betw ee n w hole roc k  multi - ele ment geoc hemistry data a nd

mic roa na lytica l  a na lysis of s e le c t i ve  sa mples highlighted a decoupling betwee n the

a s s oc i ati on of C u a nd C o. Deta iled SE M- T I MA a na lysis ena bled us to  inves t i gate the

distributi on of C u a nd C o a nd to recognise the oc c urrenc es of C u a nd C o- bea ring

minera l pha ses. C oba lt- bea ring pha ses inc luded ca rrollite , linna eite, a nd pyrite (in the

l a t t i c e  a nd within C o minera l inc lusions), w hic h w ere typica lly a ssoc iated w ith

c ha lcoc ite,  bornite ,  a nd c ha lcopyrite.

T he deta iled c ha ra c t e risation of the Roc kla nds C u- Au- (C o) deposit provides new

insights into the nature of C o a nd C u minera l isation a nd offers a fra mew ork for

enha nc ing the understa nding of minera logica l a nd geoc hemica l signatures a nd the

c rit i ca l   element  deportment  w ithin  I OCG  deposits of  the  Mount  I sa  Provinc e.
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Mapp i ng m i n e ral o g i c a l  fo o t p r i n t s  to c o n s t r a i n  t h e 
g e o c h e m i c a l  m o d e l l i n g  of t he Nif t y se d i m e nt - h o s t e d  
c o p p e r  d e p o s i t s 

Farib a Koha npour1, 2, H el en  M c F a r l a n e 1 , 2 ,  J e s s i c a  St r o m b e r g1 , 2 

1: Co m m o nw e a l t h  S c i e n t i f i c  an d In dustr ia l  R e s e a r c h   Orga n i sa ti o n  ( C S I R O ) ,  

Min eral R e s o u r c e s ,  26 Di c k  Per r y Avenue, Ke ns i ng to n ,  WA 6151, A u stralia, 2  
Min eral Exploration C o o p era t i v e  R e s e a r c h  C e n t re ,  C S I R O,  A R R C,  Ke ns in gto n ,  
We st e rn  A u st ra lia 

Mi neral explo ration u nder  c o ve r  re l i e s  o n u n d e rsta nd i n g  ore-form i ng p r o c e s s e s  and
thei r m appable p rox i e s  u s i n g  a vari ety of g e o s c i e n t i f i c  d a t a s e t s .  M app i ng mineral
s y s t e m  foot p r i n t s ,  i n c l u d i n g  alteration m i n e ral s  and g e o c h e m i c a l  g rad i e n t s  and
a n o m a li s m ,  i s  a st an d a rd  m ethod of vec t o r i n g  t o w a rd s  a n ore b ody. However,
alt erati on i n se d i m e n t - h os t e d  d e p o s i t s  i s  s u b t l e  and c h a lle n gi n g  to i d enti f y du r i ng
d rill c o r e  log ging or from w h o le - ro c k  g e o c h e m i c a l  data. The s c a r c i t y  o f knowledge
reg ardi ng broader c h a n g e s  i n m i nera log y, g e o c h e m i c a l  c h a ra c t e r i s t i c s  and
p e t ro p h y s i c a l  r e s p o n s e ,  e a c h  re f l e c t i n g  f l u i d - r o c k  i n t erac t i o n ,  i n t h e s e  d e p o s i t s 
s i g n i f i c a n t l y  a f f e c t s  expl orati on s u c c e s s .  The Ni f ty  d ep o s it ,  w h i c h  i s  the f o c u s  of
t h i s  s t u d y,  i s  a s e d i m e n t - h o st e d  c o p p e r  d e p o si t  l o c a t e d  u n d e rc o ver  w ithi n the
Pat e rs o n  Orog en of N W A u s t rali a . 

T h i s  s t u d y  a i m s  to m ap the m i neral a s s e m b l a g e s  at Ni f ty, i n c l u d i n g  zonation
i n m i neral a bu n d a n c e  a nd c o m p o s i t i o n  to i d enti f y i n d i c a t o r  m i n eral s  for se d i m e n t - 
h o st e d  c o p p e r  d e p o s i t s ,  w ith s u b s e q u e n t  ap p li c a t i o n  i n g e o c h e m i c a l  m od elli ng .
In d oi ng s o ,  we a d d r e s s  s e ve ra l  q u e s t i o n s :  (1 ) W h i c h  m i n e rals  are a s s o c i a t e d  with
C u  m i n erali sa t i o n? (2 ) How do m i neralog y and m i neral c o m p o s i t i o n  c h a n g e  from
the proxim al to d i s t a l  alte ration footpri nt of th e d e p o s i t  to th e barren h o s t  r o c k s ?  (3 )
W h i c h  mi neral a s s e m b l a g e s  c a n  b e m app ed on c a m p  and regional s c a l e s  u s i n g 
h y p e rs p e c t ra l  data? (4 ) How c a n  we u s e  t h i s  knowledge and data i n g e o c h e m i c a l 
m odelli ng to a s s i s t  t argeti ng ? To a c h i e ve  t h e s e  g o a l s ,  s i l i c a t e  a nd s u lf i d e  m i n e ral s 
from the m i ne rali si n g  s y s t e m  and u naltered c o u n t r y  ro c k s  w e r e  c h a ra c t e r i s e d  a t 
t h e  d r i l l  c o re  s c a l e  u s i n g  h y p e r s p e c t ra l  s c a n n i n g  (HyLog ger 3 ) and throu gh
m i c ro - a n a l y t i c a l  s t u d i e s,  i n c lu d i n g  m i c ro -XR F  m appi ng and S E M - b a s e d  m i nera l
m app i ng (TIMA).

U s i n g  h y p e r s p e c t ra l  d ata from dr i ll c o r e s ,  we i d enti f y zonation i n  a lterati on m i n e ral s 
a s s o c i a t e d  w ith C u  m i n erali s at i o n  and a s s o c i a t e d  hydrotherm a l f l u i d s  a c r o s s  a
t raverse  from u naltered c o u n t r y  r o c k  to d i s t a l  and proxi m al alterati on z o n e s . 
Mineralog y i nferred from h y p e rs p e c t ra l  data w a s  veri fi ed and fu r ther i n vest i g ate d 
throu gh o p t i c a l  m i c r o s c o p y,  s c a n n i n g  e l e c t ro n  m i c r o s c o p y  E D S  and TIMA a n a l y s i s 
to exp lore th e s u b t l e  v a r ia ti o ns  i n the c h e m i c a l  c o m p o s i t i o n  of mi n e rals.  The r e s u l t s 
wer e u s e d  to c o n s t ra i n  the g e o c h e m i c a l - m i n e ral o g i c a l  m od elling i n u n d e rstand i n g 
the m i n erali s a ti on  p r o c e s s e s . 
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Trac k in g  d istal  fo o tp rints  a n d  a ltera t i o n   sig n a tu res  o f  Fe- 

oxid e  C u - A u   system s:  A  case  stu d y  o f  th e E rn est  Hen ry  

cam p ,  C lo n c u rry  Distric t ,  Qu een slan d

Dr.  Alkis  Kontonika s - C ha ros,  Dr.  Vla dimir  L isitsin,  C ourteney  Dhna ra m,  Dr.  Al- 

Ta mini  Ta pu,  Dr. R hia nnon  J ones ,  Dr.  E lena  B elousova 

Geo lo g ica l  S u rv ey o f Qu een s la n d , Bris b a n e, Qu een s la n d , A u s tra lia

Vec toring tow a rds ore deposits using a combinati on of geoc hemistry a nd minera logy

ha s suc c essful l y been a pplied in e x plorat i on  for dia monds a nd porphyry deposits.

However, in ma ny insta nc es,  studie s ta king this a pproa c h a re restric ted to limited

ava ila bili ty of sa mples a nd/or a na lyti ca l  tec hniques, a s w ell a s only t a rge t i ng 

individua l indicator minera ls. Furthermore, a lt e rat i on  footprints of these deposits

(i. e. porphyries) a re typica lly < 2km. C onversely, I OCG systems a re typifi ed by

very la rge a lt e rat i on  ha los (> 5km) that a re c ha ra c terised by a complex combination

of regiona l sca le N a - (C a ) a lt e rat i on  a nd multi ple  loca l sta ges of a l t e rat i on,  inc luding

N a - C a , C a - Fe, K- Fe, a nd/or hydrolyti c .  T he C lonc urry distric t, Queensla nd, conta ins

numerous economica lly importa nt I O CG deposits, of w hic h the E rnest Henry

deposit is the la rgest a nd most w ell - studied. Here w e a pply our integrated GSQ

a na l yti ca l  workfl ow to tra c k c ha nges in geoc hemica l a nd minera logica l footprints

of la rge I O CG systems, using the E rnest Henry ca mp (inc luding the E 1 deposit) a s a

ca se  study.

T he E rnest Henry Fe - oxide- C u- Au deposit a nd E 1 deposit a re hosted w ithin

Proterozoic metavolca n i c a nd meta sedimenta ry roc ks of the ea stern Mount I sa

Provinc e. A c ha llenge of navigati ng a lt e rat i o n  footprints in the E rnest Henry ca mp

is the presenc e of mult i ple  generati ons of key a lt e rat i on  pha se s oc c urring at regiona l

(N a - C a , a l bite - a c t inolite - ti t a nite- ca rbonate )  a nd pre - ore (K-feldspa r- bioti t e - 

ma gneti t e - t i ta nite)  sta ges, a s w ell a s at syn- (Ma gneti te - c ha lcopyrite )  a nd post- 

ore (ca rbona t e -fl uorite- ba rite) minera l a ssembla ges. We selec ted over 200

sa mples from drillholes w ithin a nd spa nning 3- 4 km outside the E rnest Henry

a nd E 1 deposits to determine how geoc hemica l a nd minera logica l footprints

c ha nge w ith dista nc e to ore. U sing a combinati o n  of a na lyti ca l  tec hniqu e s (B ulk

geoc hemistry, HyL og ger, µ XR F ma pping , SE M - T I MA , E PMA a nd L A- I C P- MS) to

c ha ra c terise ou r sa mples a nd e f fec t i ve ly  ta rget suita ble pha ses, w e build on e x i s t i ng

w orks by ta king a holist ic  minera l c hemistry a pproa c h by a na lysing multi ple 

generati o ns of a c t i nolite, bioti t e ,  c hlorite, a pati t e ,  t i t a nit e ,  ga rnet, feldspa rs a nd

ca rbonates to ma p integrated minera l system footprints in tra c e element a nd sta ble

isotope geoc hemistry (C u, Fe, T i, V, O, S, C a , C ) that could be used for vec toring

towa rds  ore  in simila r  terra nes.
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Characteri zation of metal-bearing nanoparti cles observe d in

loess-covered terrain: Implic ations for  prospecti ng

Yuexin L ua,b,c,d*, Bimin Zha nga,b,c
，  Xueqi u Wanga,b,c, Ryan  Nobled

a Instit ute of Geophysical a nd Geoc he mical Exploration, Chinese Aca demy of
Geol ogical Scie nces (CAGS), La ngfang, Hebei, 065000, China, b Key L aboratory of
Geochemical Exploration, Ministry of Land and Resources, Langfang, 065000, China, c
UNESCO Internat ional Centre on Global -scale Geoche mistry, Langfang 065000, Hebe i,

China, d CSIRO Mineral Re sources, 26 Dick Perry  Avenue, Kensington, WA
6151, Australia Correspondence: yuexin.lu@csiro.au

The r ec ent deple tion of m ineral resources near the Ear th’s surface has led to a shift in

mi neral explor ation toward conceale d deposits in covered te rrain. Consequently,

signi ficant att ention has been directed t oward meta l-beari ng nanopar ticles in the soil

above s uch deposit s to gain insights into t he  composit i on of concea le d ore bodies.

The cha racterist i c s of met al-be aring nanopa rticles in ore s amples of the Zhonghe di Ag-

Pb-Zn pol ymetalli c deposi t and the ir ove rlying loe ss were syst ematicall y a nalyzed using

tr ansmission el ectron m icros copy. Numer ous nanoparti cles containing Ag, A u, Cu, Pb,

Zn, Fe, Mo, and ot her m etallic el ements were observed in the l oess overlying the

deposits a s well as  the ore s amples. These na nopar ticles e xhibit a well- define d crys tal

sha pe, sugges ting t hei r primar y particle na ture. Moreover, the nanoparticles i n the loess

and or e sa mples share simi lariti es in el em ent distri bution, size, and type,

demonstrating their hom ologous nature. However, ore-related m etal - bearing

nanopar ticles wer e not detected i n sampl es c ollecte d f rom t he ba ckgr ound area s. Most

metal- beari ng na nopar ticles i n loess, excl uding nat i ve particl es, wer e oxides and

sulf ates , which ma y be a ttri buted to oxidat ion of t he native m etal parti cles ne ar t he

surf ace wher e oxyge n fugaci ty increases. The elem ental mapping of t he na nopar ticles

showed that the ore-forming elements had the sa m e  distribution patterns and ele ment

asse mblages to the ore material. These result s indicate that met al-bear ing

nanopar ticles i n t he loess ha ve likel y relationships wit h concealed or e bodies.

Accordi ngl y, the m et al-bear ing nanopartic les in t he loess ca n pr ovide i nfor mation

about concealed ore deposits, explai n sur face ge oche mical anom al ies, and im pr ove

prospecting accuracy as a vec tor to mi neraliz ation.

Routinel y f inding nanoparticles i n transpor te d c over r emai ns a  c hallenge. However, thi s

study shows it is  viabl e and mar ks substantial progress in our knowledge and

comprehension of met al-be aring nanoparticles in l oes s-c overed t errain. Evide nce of

their presence and ass ociation with concea led ore bodies contr ibutes signif icantly to

our unde rstanding of minera l explorati on processes and offers new avenues for f uture

res earch a nd practic al applicati ons.

mailto:yuexin.lu@csiro.au
mailto:yuexin.lu@csiro.au
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Isotope mappin g in mineral exploratio n: moder n an d

Arch ean Perspectives

Yongjun Lu1,2, Hug h Smit hies1, David Champ ion3, Ze n gqian Hou4, Huayo ng Chen 5,

Davi d Mole3, Tony Kemp2, Grah am  Be gg6,  Nic k Hayward7

1.Geol og ical Surv ey of Western Aus tralia , 100 Pla in Street, East P erth, W A 6004,

Australia, 2.Cent re for Exploration Ta rgeting a nd School of Ea rth Scie nces, Univ ers ity

o f Weste rn Aus tral ia , Crawley , W A 60 09 , Aust ral ia, 3.Geos cience Australia , GPO Box

378, Canberra, ACT 2 601, Aus tralia, 4.Sin oPro be Lab, Institu te of Geol ogy, Chinese

Academy of Geolo gical Sc ie nc es, B eijing 1000 37 , China, 5.Key L abo ratory of

Mineral ogy an d Met all oge ny, Gua ngzhou Ins ti tut e of Geochemistry , Chines e Academy

o f Sc ie nces, Guangzho u 510640, Chin a, 6.  M in erals Targeting I nternat ional Pt y Ltd .,

Perth, W A,  Aus tral ia 7.  Pred ict Ore  Pty Lt d.,  Perth, WA, Aus tral ia

O ver the past deca de, isotope m apping has emerged a s a powerful too l in miner al

exploration, revolutionizin g o ur un derstanding of lithosph eric archit ecture, m etallogenic

fert ility , and ore g enesis. Using the tw o-stage depleted ma ntle mode l ag e (TDM2) or
c rus tal resi de nce ti me (TCR) o f fels ic igneous rock s , Sm-Nd and L u-Hf iso top e maps help

u ndersta nd variations in crus ta l source co mpositi ons in s pace a nd t ime. They aid i n

identifying  and  mapping crus tal bound aries in modern  orogens a nd  Arc hean crato ns.

In the Tethya n and Centra l Asian Oroge nic Belts, isoto pe mapping revealed c rus tal

arch itectural controls o n critical met al ore systems. Porphyry Cu ± Mo ± Au de posits are

co nf ined to juven ile c rustal domains ( low TDM2 and T CR), supporti ng the import ance
of mantle-d e rived m agmas in generat ing porphyr y Cu systems. By contrast, other metal

deposits, such as granite-re lat ed W-Sn-Nb-T a and R EE d eposits, are associ ated with

anci ent crusta l domains (high TDM 2 an d TCR), w her e multipl e stages of c rusta l
reworking have resu lted in t he release of t hese metals i nto crust-der ived magmas. The U

a nd Ag-Pb-Zn depos its occur predominant ly in anc ient crus tal domains and at t he ir

margins  in those  orog ens.

In the Arche an Yilg arn crat on, isotope mapping revea l s fundamen ta l lithospher ic

architecture separa ting isotopically distinct domain s that h ave d iffere nt metal endowme nt.

For example, t he Ida Fault, corresp onds with one of t he world ’s mos t notable iso tope

gra dients between t he more ancient Youanmi Terra ne a nd t he more juven ile Eastern

Go ldfie lds Supert err ane. T his tr ans-lit hospheric fa ult is inte rpreted as the marg in of an

intracontinent al r ift for m ed at c . 2.7 G a. Many Ti er 1 nick e l, gold an d lithium deposits

developed in t he hangingwa ll of th is trans lith ospheric f au lt zone. Isot ope maps a lso

identify more j u venil e domains includi ng the C ue R ift, which have higher N i-Cu-PG E

and Au en dowm ent related t o gre ater mantle input. Moreover, the integrate d geoche mica l

and isoto pe mapping h as revealed an early E NE-tren ding baseme nt architecture , wh ich

p otentia lly contro l led many lithium pegmatite dep osits i nclud ing Greenbushes in t he

Yilgarn  craton.

The Geo log ica l Survey of Western Austra lia reg ularly releases isoto pe data inc luding Sm-
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Nd, Lu-Hf, and O isotope maps, prov iding an unprece dented opportun ity for enhanci ng

exploration targeti ng. Integrat ion of isotope data w ith ge ologica l, geoche mica l and

geophys ical datasets c an s ignif icantly red uce exp loration risk .
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B l u e - s k y  min in g m i n er a l  exp lo r a t i on ;  t he f i g ur a t i v e ly  
c h a n g i n g  l a n d s c a p e  of e x p lo r ation th r ough c o v e r 

Ry an N o b l e  (and ma ny c o l l e a g u e s ) 

C S I R O  Miner al R e s o u r c e s ,  K e n s i n g t o n ,  We s t e r n  A u s t r ali a 

The “ b l u e - s ky ”  i d i om h a s  two nearly o p p o s i n g  m e a n i n gs,  1 ) to have u n r e a l i s t i c , 

i m p r a c t i c a l  i d e a s  or 2 ) to think c r e at i v e l y  o u t s i d e  the bo x and, i m portant ly, to gener a te

i nnova ti ve i d e a s .  When i t c o m e s  to mi neral explora ti on throu gh c o v e r ,  c o l l e c t i v e l y 

we’ve m anaged to ap p ly new a p p r o a c h e s  fr om both m e an i n g s .  T h i s  p r e se n t a t i o n  wi ll

c o v e r  s o m e  e xa m p l e s  of b oth, wi th a f o c u s  on th e m ore i nnovative i d e a s  over the p a s t 

d e c a d e s  that I have bee n b i a s e d  b y and fortu nate t o b e e x p o s e d  t o . Pioneeri ng

g e o c h e m i s t s  a nd g e o l o g i s t s  s u c h  a s  t he la te R oy Woodal l m ade s u b s t a n t i a l 

d i s c o v e r i e s  i n r api d s u c c e s s i o n ,  b y app lyi ng open thi nki ng and what w e wou ld now

c o n s i d e r  b a s i c  g e o c h e m i c a l  a n a l y s e s  b u t w ere novel and forwar d thi nki ng a t the tim e. 

The an aly t i c al  p r o g r e s s  i n expl oration h a s  c o n ti n u e d  at a f a s t  p a c e ,  b u t p e r h a p s  ou r

open, i n t e r d i s c i p l i n a r y  thi nki ng h a s  not c o n t i n u e d  at the s a m e  rate w hen i t c o m e s  to

app lyi ng new a p p r o a c h e s  a nd m ore i n t e r d i s c i p l i n ar y  thinking. A lot of op p o r t u n i t i e s 

e x i s t  i n c o v e r e d  t e r r a i n s,  w i th v a s t  r e s o u r c e s  of p r e c om p e ti t i v e  data and h i s t o r i c 

s a m p l e s ,  a s  w e ll a s  nove l  t o o l s  t hat have opened new s e a r c h  a r e a s .  The a ge of AI,

b i g d ata , r em ote s e n s i n g  and m ore b e a r s  th e potential t o m ake new d i s c o v e r i e s .  How

d o we h a r n e s s  t h e s e  i d e a s ,  s k i l l s  and data i nt o s t a n d a r d  everyd ay explora ti on

a p p r o a c h e s ?  C h a n g e s  i n s a m p l e  m ed i a, p arti al e xt r a c t i o n s ,  p a r t i c l e  s i z e  a n a l y s i s  a nd

the i n tr o d u c t i o n  of d i ff er ent an al y t i c al  d at a t y p e s  are e x am p l e s  o f i m pr oved

g e o c h e m i c a l  a p p r o a c h e s .  H i s t o r i c a l l y ,  s o m e  of the lar ger , m u lti -year r e s e a r c h 

e f f o r t s  (e. g., AMIRA, C R C  LEME) have b een a key part of b u i ldi ng t h i s  kn ow ledge

and fu tu r e exploration r e q u i r e s  s i m i l a r  e f f o r t s  gui d ed and dri ven by s c i e n t i f i c 

r e s e a r c h .  S o m e  of t h e s e  e f f o r t s  are already on t he way, s u c h  a s  t he add i ti on of

m a c h i n e  le arning  to i m p r ove ou r s u r f a c e  and s u b s u r f a c e  map p i ng w h i c h  c o u l d 

fundamentally i m p rove the l a n d s c a p e  (figur ati vely a nd li ter ally) m aki ng explor ati on

through c o v e r  m ore amenable. To p u t t h i s  anot her w ay, t he fu tu r e hori zon l o o k s  t o

have, hop e fully, b luer s k i e s  for m i ni ng and expl oration .
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Porphyry Cu-Au Discovery, Guintar-Niverengo, Colombia, 

Using A Single Analytical Method On All Sample Types

Nicholas Oliver

HCOVGlobal

We present here the results of a systematic geochemical approach, fused with geology

and geophysics, to successfully identify a new porphyry Cu-Au system in the fertile

Cauca Belt of Colombia. The Guintar-Niverengo project sits in the Cauca Belt near to

several very large yet-to-be-developed porphyry Au and Cu resources including La

Colosa and Quebradona.

Most of the difficulty with progressing geochemical studies into the modern AI age of

exploration relates to the raw data collection procedures and quality of the generated

laboratory data, not the sophistication of the processing and interpretation software. In

turn, the latest geochemical software is so powerful it makes sub-standard geochemical

data an embarrassment. This has been exacerbated by a traditional separation of

analytical methods depending on the sample materials, eg aqua-regia for soils, ICP-AES

for regional grab samples, ICP-MS for orebody-proximal drilling, and more recently

portable XRF etc. for rapid resource definition drillouts. Commercial laboratories do not

provide very useful public advice on decision making within their analytical menus, so

many exploration companies use poorly perceived budget constraints to decide on a  semi-

random  analytical smorgasbord.

We used 4-acid digest ICPMS from a single laboratory on every sample (soil, grab, core)

gathered from a mountainous tropical terrain with thick soils and moderate to dense

rainforest. This allowed recognition and separation of the specific effects of weathering

and soils on previous distributions of protoliths, metals and alteration. The soils-related

depletion of Ca, S and Na in particular required care when considering several

porphyry-epithermal targeting indicators. Using ioGAS, we were able to establish which

metals, alteration signals and weathering-modified signals could be used to establish

protoliths, alteration zones and the original temperature-dependent hydrothermal metal

zonations, irrespective of the sample type. This led to a  successful set of porphyry Cu-

Au drilling intercepts, with ongoing potential to expand that resource. The novelty is 

geochemical analytical consistency irrespective of sample type!

https://portal.bie.com.au/talks/scheduleiags.php
https://portal.bie.com.au/talks/scheduleiags.php
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Reinterpretation of  the m ultistage mineralization  e vents at the  

sediment-ho sted Nift y Coppe r deposit , Weste rn Aust ralia

Dr Paul Po lito, Departm ent of Ge olog ical Sciences and Geological Engineer ing, Q ueen’s

U niversity, 36 Union Street, Kingston, On tari o K7L 3N6, C anada

Dr Urmidola R aye, Depart ment of Geo logical Sc ienc es and G eologica l Engineer ing,

Q uee n’s  University,  3 6 Union Street,  Kingston, Ont ario  K7L 3N6, Ca nada

Dr Justin Dru mmond  IG O Ltd,  85 South  Perth  Esplanade, W A, 6151,

Prof P eir K. Pufahl1, De part ment of G eo lo gica l Sc ience s and G eolo gica l E ngineering,
Que en’s  Univers ity ,  36 Union Street,  Kingston, Ont ario  K7L 3N6, Ca nada

Prof R obert Cr easer, Earth and Atmospheric Sciences , University of Alberta, Ed m onton

AB, Canada

The sediment- hosted Nifty copper depos it was disc ove red in 1980 and mining commenced

in 1993 . F our peer-reviewed publications have addressed t he nature o f th e primary

mineralization , b ut on ly one has frame d k ey findings around a para gene sis. Our

reinterpretation of Nifty is base d on d etailed paragenetic studies com bined with large

geoche mica l d at asets .

Our work shows th at low temperat ure, carb onate-rep lacement style Zn- Pb-Cu

m in eralis ation associated w ith dolom ite ± si derit e ± phengite alteration was deposited

between 810Ma t o 780M a. LA-IC PMS data from pyrite, sphalerite and chalcopyrite

associated wit h this event i s elevated i n Ag, As, In , M n, Tl, Pb, C d, S b . Followin g this,

low-grade, stratiform c halcopyrit e m ineralisat ion formed. We know le ast about this

eve nt , but it is associated wi th ankerite, dolomite, and phengite a lt eration a nd does

not s har e who le-rock g eochemical affinities wit h th e earlier Zn -Pb-Cu eve nt or the

paragenetically l ater h ig h-grade C u event. Bism uth, As, In, T l and Ga were introduced

during this  m ineralisation eve nt .

The m ain c opp er event is v ein and breccia s tyl e cha lcopyrite minera lisation.

Miner alisation is associ ated with quartz/silica, phen git e , chlo rite, biotite, sid erite a nd trace

a lb ite , a nd appears t o hav e formed over a protracted perio d o f t ime . Re-Os a ges from

pyrite an d U -P b ages from mon azit e associated with this event exte nd from 697Ma to

648Ma. A Rb- Sr a ge of 619± 14Ma comes fro m a chalco pyrite -b iotite vein . Deformed and

en-ech elon veins, d ecrepitated f lu id inc lusions a nd brecciated C u mineralisation in dicat e

t hat most o f th is m ineralisat ion formed d uring deformat ion. Sphalerite an d c hlorite

geotherm ometry shows that the quartz -c halcopyrite v e in s and breccias formed betw e en

285°C t o 320°C. C opp e r was introduced with Sn, As , Bi, I n, Sb, Ga, Co, Au and Ag. L A-

IC PM S da ta fro m vein pyr ite a nd c h alcopyri te is elevated in Sn, Co, I n, Bi, G a, Sb . Our

w ork shows that Nifty d id not form duri n g on e event, b ut h ad a prot racted and

c omplicated h ist ory .
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Geo chemical  an d  geological  features  related  to  gold  
min e ralization   with in  the  ep ith ermal  h igh sulp h idat i on   Antonio  
d eposit, Yanacocha district,  Peru

Carlo s Saenz , Newmont Min in g Corp  –  Lima,  Peru

Antonio  is  an  ep ithermal  h igh  su lp h idat i on   dep osit  in  th e  world - class  mu l t i m i l l i on   

oun ce  gold prod u cing  Yanacoch a district, located  within  the  n orthern  Andes  of Sou th 

America.

To compliment d ecad es of near-surface exp l orati o n  in the  d istrict, at ten t i o n  h as

p ivoted to i d e n t i f y  o p p o r t un i t i e s  to ap p ly n ew techn ologies to advance oreb ody

knowled ge and accelerate un dergrou n d gold discoveries to ex ten d mine life of the

op e ratio n s .  Current resou rces in Antonio dep os i t  exceed 1 Moz Au averaging 5.6g / t

Au . Th is resou rce is b lin d , occur rin g u nder n on - p ros p e c ti ve litholo gical units an d only

exhib its a cr y p t i c  hydrothermal a l terati o n  at su rface .  Gold  min e ralisatio n  is h osted

within a Miocen e a n de s i t i c  to d a c i t i c  volcan ic strati g raphy and is associated with

a hydrothermal a l terati o n  mineral assemblage that in clu d es  sulfid e-rich per vasive

silica, massive to vug gy silica, a n d an alunite core th at grades vert i cal l y  and

progressively to silica clay and p ropyl i t i c  h alo s toward s su rface. Economic gold

min e ral i zati o n  is both lithologically and structurally controlled with in a 1km long and 50m

wide tabular bod y along a p referable N W- SE trend that gently d ips. Th is work integrates

systematical l y  colle cted surface an d d ownh ole d ata u sing complete ch a rac terization 

m u l t ie l e m ent  geochemistry with geo logical field mapping , core log ging and

hyp erspectral core scann in g across a rep resentative  cross s e c t i o n  throu gh the Antonio

d ep osit to imp rove lithological, a l terati o n  and the min e ralis at io n  paragenesis

u nderstand ing that can b e u sed as a vector toward s econ omic gold min e ral i sat ion an d

app lied  as  a  too l  for f u ture explo rati o n  at depth  in  the  district .
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Sno w geochemistry a s an env ironmentally friendly mineral
exploratio n tool  – Examples from Fi nland

Pertti  Sarala

Oulu M in ing Schoo l, Univ ersity of Ou lu , 90014 Ou lun y liopisto , Fin land. E-mail

p ertti. sarala@o u lu .fi

Snow is one of the most promising, new sample materials that can be used in mineral

exploration. The exogenic geochemical signal of elements and hydrocarbons formed

i nto t he snow can be use d i n analysis of t he elemental composition and tracing t he

potential m ineralization in t he underlyi ng bedr ock. The m ethod i s based on t he so- called

Mobile  Metal I on (MMI) t heory, where metal i ons and certain hydrocarbon released

fr om the mineralisation in bedrock migrate through the surficial part of the bedrock and

transported cover to be accum ulated i nto t he surficial soi l horizons or disappears in

t he air. Even i n winter, t he movement continues, but t he carbon di oxide and water

vapour as well as various volatile hydrocarbons , and i ons accumulate in the bottom

layer s of snow cover (in the areas where snow cover exi sts) , where they adhere and bi nd

to  the snow crystals.

The l ower part of t he snow cover serves as t he best ion bi ndi ng l ayer, as the formation

t ime of geochemical si gnal is t he l ongest, and the upper l ayers of snow protect against

atmospheric cont ami nation during t he wint er. I n  additi on, the l owest layer i s i n contact

with the gr ound and i s affected by gases and heat f r om t he underlying soil and bedrock.

I n t he northern r egi ons, snow covers t he ground surfac e for se veral mont hs i n a year, so

the method is usable in moderately large areas of  the Northern Hemisphere and

mountai nous areas. Snowfall and snow properti es are r egionally constant, whi ch

provi des a good basis f or ext ensive and com parable geochemi cal expl oration. Snow

cover provi des easy access to all ki nds of t errains during wint ertime and snow

sampling can be done wit hout leaving any traces to the ground and e nvironm ent. There

are several examples in Finland how the snow geochemistry has been used as an effective

exploration tool for different types of mineralization. The strongest contrast is found in

mineralization where sulfide mi nerals ar e present, such as i n orogenic gol d deposits and

hydrothermally altered, vei n-t ype and/ or VMS-type deposit Cu-Co- Ni occurr ences.

However, good anom aly patterns have al so been found in t he case of IOCG and

phosphate deposits. Experiments prove t hat snow geochemistry is not onl y worki ng f or

t racing surfi cial or  suboutcropping mineralization  but  also for  deep-seated  ore deposits.

The project has got funding fr om  the  K.H. Renlund’s Foundation.
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De veloping  new indicat or minerals for the exploration  of nickel 
sulfide deposits

Schon eveld, L.E., Williams M . , Salama, W., Sp aggiari, C. V ., Barnes, S. J. , Le Vaillant,

M. , Siegel, C. , Hu , S. , Birchall, R. , Bau mgart n er , R. , Sh elton, T. , Verrall, M. , an d

Walmsle y, J. 

Mineral R esou rces, CSIRO, W es tern Aus tralia

The exploratio n and discovery rate of magmatic Ni-Cu sulfide deposits needs to increase

to meet the global demand fo r renewable te chnologies. To aid in this endeavour, we have

developed a method using trace element signatures in common minerals to assess the

prospectivity of explo ration regions. We have examined the trace element content o f 

spinel (chromite -magnetite), o livine, pyroxene, apatite, ilmenite, and plagioclase and

how these signatures vary between mineralised and unmineralised intrusions and

kom atiites. We have created a large and robust mineral chemistry database from 1 ,160

samples collected from 12 case study areas in Western and South Australia. We have

supplemented these with samples from wo rld-class o re deposits globally. The dataset

contains over 11,000 individual mineral analyses and was interpreted using machine

learning mo dels to predict the likelihoo d of an individual m ineral analysis being

asso ciated with magmatic sulfide mineralisation. Spinel analyses were the most

numerous in this st udy, and this large dataset allows fo r confident predictions o f  grain

compositions from mineralised versus non -m ineralised intrusions o r flows (77%

accuracy). Based o n mo del introspection, t he critical elements used to make these

predictions included Co, Ga, V, Ni, and Cr. Further, trace element analysis of spinel shows

the potential to indicate both prospectivity and sulfide volume which could vector toward

mo re extensive and eco nomic deposits. We show evidence that weathering and regolith

formation have little effect o n  the trace element com po sitio n of spinel, making it an ideal

resistant indicator mineral fo r exploration. Other minerals, such as o livine, plagioclase,

and pyroxene do not survive within the weathering profile. However, these minerals still

show potential fo r use as in -situ indicator minerals. For example, py roxene can be

exam ined fo r trace element (Cr -Ti) variation within grains t o understand if an intrusion

has t he po te ntial to be a magma conduit. Altho ugh not a direct indicator o f sulfide

presence, conduit intrusions have a high throughput o f  silicate magma, which can create

a metal-rich sulfide (if sulfide sat uration has occurred). Our research sho ws that indicator

minerals can be a valuable addition to t he exploration too lkit, enhancing explo ration

globally.
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Certified Reference Material Accepted V alues and Tolerances: 
Some Idle Th oughts and an Idea or Two

Cliff Stanley, Ph.D., P.Geo.

Dept. of Earth & Environmental Science Wolfville, Nova Scotia, Canada, B4P 2R6.

cliff.stan ley@acadiau. ca; 902-670-0817

Certified reference materials (CRMs) are used to as sess the accuracy and p recision o f

element concentrations determin ed by geochemical l aboratori es. CRM accepted values

(means) and tolerances (standard deviations) are derived via round-robin analysis of

randomly selected sub-samples at multip le geoch emical lab oratories using ostensibly

common analytical procedures. Unfortunately, CRM sub-sampling, digesti on, and

analysis pro cedures vary, as many laboratories imp lement custom calibration s and tweaks

that they view as beneficial and industry-competi tive, significantly degradi ng CRM

round-robin  result conformity. 

Statisti cal evaluations of these results illustrate that between-l aboratory variances are

commonl y far larger than within-laboratory varian ces. The procedural differences

employed by laboratori es likely invalidate the use of the variances as tolerances and bi as

the accepted values. CRM round-ro bin variances also tend to be larger than CRM

variances in normal geochemical analysi s because they are derived from several

lab oratories (not just the  one used for the geochemical survey) . This causes C RM resul ts

to pass QAQC ‘fit f or purpose’ threshol ds far more frequently than expected, preventing 

geoscien tists from recogn izing analyses with unacceptable errors.

To ensure that CRM an alyses produ ce appropriate accepted val ues and tolerances,

outlying analyses and lab oratories are excised from con sideration . Unfortu nately, the

outli er recognition methods used to date have not been ef fective in adequately removing

the  inter-laboratory variation . Moreover, althou gh outliers are iden tified, no

correspon ding analytical cause is gen erally recognized to justify elimination of these  data

from consideratio n, invalidati ng their excision.

An agglomerative dendrogram clustering approach to quantify inter-laboratory variati on

is presented herein. This method uses the  Mann Whitney U test statistical prob ability as

i ts distance measure, determin ing its own threshol d to terminate clusterin g. Results are,

to d ate, disappointi ng.

Clearly, current p rocedures for produci ng CRM accepted values and tolerances IS NOT

WORKING. Improving CRM round-rob in data quality is likel y going to require the

formation of a panel of stakeholders (geochemi sts, CRM producers, analytical

laborato ries, geol ogists, regulators, etc.) charged with iden tifying best practice CRM

accepted value and tolerance producti on metho ds to allow their co nfident u se in the

mining and environm e ntal industries.
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C h a ra c t e r i z a t i o n  and S p e c t r a l  Zoning of the Tra n s i t i o n  
from E p it h e r ma l  S y s t e m s  to Porphyr y in the  Peruvian 
A n d e s. 

M S C .  Johnny Va rg a s  Mirand a, Newmont M ining

In t he Peruvian A n d e s ,  on t he A ndean C y c l e ,  th e em p l a c e m e n t  of p orphyr y  C u - A u - 

M o  Illari (79 -78 Ma), d i s c o v e r y  from Newmon t in Northern Pe r u 's  C r e t a c e o u s 

m a g m a t i c  a r c.  In the  I n c a  I p h a s e,  were e m p l a c e d  t h e  C u - M o  p o rp h y r y  C e r r o  Verde

(58 M a), Toquepala (56 Ma), Q u e ll a v e c o  (54 Ma), C u a j o n e  (53 Ma) in the Lower

Pl eo c e n e  to Eo c e n e. 

In th e A b a n c a y  d e f l e c t i o n ,  Upper E o c e n e - O l i go c e n e  s k a r n - r el ate d  p o r p h y r i es  s u c h 

a s  L a s  B a m b a s  (36 Ma), C o t a b a m b a s  (36 M a), A n t a p a ca y  (35 Ma), Haquira (34Ma),

Tintaya (33 Ma), and L o s C h a n c a s  (32 Ma).

The H u a m a c h u c o - H ua n c a b a m b a  b e lt  h ost  t h e  L a  A rena  porphyry (Alizar - 25.85

M a ) a s s o c i a t e d  with h i g h - su l f i dat i on  epithermal gold, C a l a o r c o  (25.8 Ma) and

Va n e ss a  (25.7 Ma) linked to the  I n c a  III and IV p h a s e s .  The Lower M i o c e n e 

porp hyr y  C h i p i s p a y a  in the s o u t h  (23 Ma), in th e nor th G a l e n o /M i ch iq u i llay

(20 M a), L a Granja (17 M a), Perol (15.8 Ma), M a g i st ral  (15Ma), C e r r o  c o r o n a 

(14Ma) and Kupfertal (10.7 Ma), sh o w i n g  ve r t i c a l  t ran s it i o n  to S a n  J o s e  h i gh - 

su l f i d at i on  s y s t e m  (10.7 Ma). High S u l f id a t i o n  s y s t e m s  s u c h  a s  L a g u n a s  Norte

(17Ma), Pierina (14.5 M a), Tantah uatay (12.4 Ma) and Ya n a c o c h a  (11.5 – 8.5 Ma).

In t he S o u t h e r n  Peru, low to intermediate su lf i dat i o n  Au -A g s y s t e m s  i n c l u d e 

O r c o pa m p a  (17 Ma), S e l e n e  (14 Ma), C a y l l o m a  (11.8 Ma), an d A r c a t a  (5.4 Ma).

Younger s y s t e m s :  C o r i h u a r m i ,  A ra s i ,  and Aruntani (4.6 Ma) from Upper M i o c en e - 

Pl i o c e n e. 

The link between porphyr y  and epithermal d e p o s i t s ,  hig h -and in ter m ediate- 

sul fi d at ion,  i s  well - d o c um e n t e d  ( S i l l i to e,  1973, 2010; H e d e n q u i st  et al., 1998,

2022). D e ga ss i n g  i n t r u s i o n s  form p o t a s s i c  alteration : K- f e ld s p ar  - B iotite, in 

porphyr y  s y s t e m s  and l i t h o c a p s  of a d v an c e d  a r g i ll i c  alteration,  with r es i d u a l 

quart z and Alunite, K aol in i te / D i ck i te,  Pyrophyllite, D i a s p o r e,  Topaz and Zunyite.

L e a c h i n g  and quart z re s i d u a l  formation s t a r t  below ~ 2 2 0 ° C  (Hemley et al., 1969;

S t o f fre g e n ,  1987; H e d e nq u i s t ,  2022). Lower s a l i n it y  liquid l e a d s  to c h l o r i t e 

and  white  m i c a /   s e r i c i t e   in hydrothermal alteration, while epidote

f o r m s   in p ro py l i t i c   and k a o l i n i t e - s m e c t i t e   in a rgi lli c / i n ter m e di ate  a rg i l li c. 

S p e c t ra l  t o o l s  operate within the e l e c t r o m a g n e t i c  s p e c t r u m .  Po r t ab l e s  PIMA , A S D, 

Te r ra S p e c,  Halo, s p e cT E R R A  and A r c o P I X ,  s i n c e  the 1 9 9 0 s,  in V I S - N I R - S W I R . 

D es k t o p  to o l s ,  Hyglo gger, G eo l o g i ca l  AI, B o x S c a n  + XRF, C o r e S c a n ,  now integrate

MIR -LWIR, like C o r e  – TheiaX and Te r ra C O R E ,  with variety in s p e c t r a l  res o l ut i o n . 

U s i n g  Halo, Te r ra S p e c,  and s p e cT E R R A ,  we ob tain s p e c t r u m s  of epithermal and

porphyry  alteration m i n e ra l s  and defined with N e w m o n t 's  method, a i S I R I S  /

a i S W I F T. 



37

In  Kupfertal (10.7 Ma), a t ra n s i t i o n  o c c u rs  f r o m  t h e  S a n  J os e  H i g h 

S u l f id at io n ( 10 .7  M a ) . Patchy  tex t ure  with Quart z-Pyrophyllite-Alunite and Quart z -

Pyrophyllite- Zunyite c h a n g e s  to Wormy texture and "A" - t y p e  q u ar t z  ve in s  w it h 

White  M i c a ,  c h a r a c t e r i s t i c  o f  p o r p h y r y  s y s t e m ;  p o t a ss i u m  a l u n i t e  f ro m  s h a l l ower 

d e p t h s  may c o m b i n e  with pyrophyllite from higher tem p e rat u re s. 

At Tantahuatay, alunite dated at 12.4 Ma. A s s o c i a t i o n s  i n c l u d e  quart z -alunite,

q uart z-pyrophyllite, an d quart z -pyrop hy llite-alunite, of  a d v a n c e d  a rg i l l i c  alteration.

Pa t c h y  text ure with pyrophyllite and alunite; a b so r p t i o n  p a t t e r n s  reveal on ly K

_Alunite. At  C o r i h u a r m i ,  Vugg y S i l i c a  a l t erat i on s,  Quart z -Alunite, Q u a r t z - C l a y s, 

bordered by A rg i l l i c  and Pro p y l i t i c  a l t e rat i on s.  At Diana, Pa t c h y  texture of

p o t a s s i u m  alunite and quart z. S p e c t r a l  geolog y i s  c r u c i a l  in s y s t e m s  l a c k i n g 

" Pat c h y "   or   " Wormy" t ex t u re s,  utilizing V I S - N I R - S W I R  r e f l e c t a n c e  s p e c t r o s c o p y. 

Hydrothermal alteration mineral s y s t e m s  analyzed u s i n g  Te r ra S p e c  s p e c t ra 

ident ify  the m i n e ra l s  found in  both  epithermal an d porphyry e n vi ro n m en ts.  The 

v e r t i c a l  d i s t r i bu t ion  of m in e ra l s,  ranging from low to high temperature and p H,

along with t heir  a s s o c i a t i o n s ,  o f f e r s  i n s i g h t s  into th e hydrothermal s y s t e m ' s 

h is t o r y.  C o n s i d e r i n g  er o s i o n  and st r u c t u ra l  c o n d i t i o n s,  we c a n  determine the  ty p e of

alteration,  i t s  p o s it i o n ,  and th e degree of pre ser v at i o n  of the hydrothermal s y s t e m , 

c ov e r i n g  from epithermal to porphyr y envi ron m e n ts. 
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C a n  the  Nat i o n a l  G e o c h e m i c a l  S u r v e y  and Heav y M i n e ra l  
Map  r e v i t a l i s e  major g r e e n f i e l d s  d i s c o v e r i e s ?   A c a s e  s t u d y  
of the D a r li n g  H ea d wat e rs  s a y s  Ye s ! 

Jo hn A n d e r so n 

One of the  e x c u s e s  for the  p a u c i t y  of g r e e n f i e l d s  m i n e ra l s  d i s c o v e r y  in A u st ral i a  is 

“ T h e  C o v e r ”.  A s  m o s t  of the known d e p o s i t s  are on drainage d i v i d e s,  there i s  no doubt

I n d u s t r y  i s  poor at exploring through any s o r t  of co v e r.  It i s  time to c l o s e  that gap with

good management and g e o s c i e n c e . 

The c o - l o c a t e d  c a t c h m e n t  drainage s a m p l e s  for the 2011 N G S A  and 2023 HMMA pre - 

c o m p e ti t ive  d a t a s e t s  provide a matrix of target v e c t o r s  to take on the next level of

exploration ch a l l e n g e  and opportunity in t h in l y - c ov ered  reg i o n s.  Early partial re l e a s e 

of the HMMA data enabled  a c a s e  st u d y  of the  so u th e r n  margin of the  Eromanga B a s i n . 

The mineral and h a r d n e s s  v a r i a b l e s  for the new HMMA data are integ rated with the

pr e c e d i n g  nine  v a r i a b l es  of the  N G S A  data. G e o c h e m i c a l  and mineral pathfinder

s u i t e s  are s e l e c t e d  to provide proximity m e a s u r e s  for different d e p o s i t  c l a s s e s .  For

example, c o m b i n e d  gahnite and rhodonite provide initial m e a s u r e s  of BHT proximity.

Although c a s s i t e r i t e  i s  a d i r e c t  HM member of tin s y s t e m s ,  it i s  a l s o  potentially a d i s t a l 

in d i c a t or  due to i t s  h a r d n e s s  and ability to migrate a c r o s s  c a t c h m e n t s.  The c o n c e p t  of

Pathfinder D i s p e rs i o n  Fi e l d s  i s  developed c o m p r i s i n g  multiple c o n t i g u o u s 

c a t c h m e n t s  with outlet s a m p l e s  c o n t ain i n g  HM repr e se n t in g  a s i n g l e  d e p o s i t  c l a s s . 

T h i s  e n a b l e s  v e c t o r in g  b a c k  to near-, proximal- or d i s t a l -  s o u r c e  a r e a s.  Multiple

overlapping P D F s  c a n  be untang led by u s i n g  HM m e m b e r s  that are ex c l u s i v e  to e a c h 

d ep o s i t  c l a s s . 

S u l p h i d e s  are well-represe n ted ,  requiring l o c a l  p r ese r v at i o n  near s u b c ro p p i n g 

ba s e m e n t  h i g h s.  Nationally high pent landite, c h a l c o p y r i te,  sp h a l e r i te, galena,

c a ss i t e r i t e  and sc h e e l i t e  o b s e r v a t i o n s  in the Darling H e a d wat e r s  imply s p e c i a l 

pres e r v at ion  c o n d i t i o n s  and near c o p p e r  n i c k e l  and tin t u n gs t e n  mineral s y s t e m s . 

The a n o m a l i s m  of the Darling H e a d w at e r s  i s  exp lained by the  st ro n g l y  c o n v erge n t 

pattern of the  young c a t c h m e n t  s y s t e m .  Divergent c a t c h m e n t s  draining the  d i v i d e s  at

Broken Hill and Mount I s a  to d i s t a n t  ou t l e t s  have more e r ra t i c  and s u b t l e  HM

s i g n a t u r es  that are s t i l l  valuab le information. The national N G S A / HM M A  data

potentially m a p s  new t e c t o n i c  & m e t a ll og e n i c  p rov i n c e s .  E x a m p l e s  will be  d i s c u s s e d . 



41

Innovative g e o c h e m i c a l  v e c t o r i n g  withi n a new te c t o n o - 
s t rat i g ra p h i c  framework d i s r u p t s  iron oxide c o p p e r  go l d  
expl o rati o n  in S o u t h  A u s t ra l i a 

Jo hn A n d e r so n 

A c o m m o n  t e c t o n i c  se t t i n g ,  magmato -hydrothermal s i g n a t u r e s  and s t rat i g ra p h i c 

c o r r e l a t i o n s  are p ro p o s e d  for the co e v a l  yet d i v e r s e  mineral d e p o s i t s  of the 1590Ma

O l y m p i c  M e t a ll o g e n i c  Event . H a e m a t i t i c  I O C G  d e p o s i t s ,  head ed by O l y m p i c  Dam,

and  the Pa ri s - N an k i vel  epithermal-porphyry s y s t e m  are on eith er s i d e  of an interpreted

me ga - c al d e ra  infilled by Gawler Range Vo l c a n i c s .  The OME w a s  tri ggered by c a l d e ra 

c o l l a p s e  between the p r e c i s e l y  dated Lower and Upper GRV. Both d e p o s i t  s t y l e s  are

f l u o r i n e - e n r i c h e d .  At Pa r i s  s i l v e r  d e p o s i t ,  rhyolite d y ke s  have low Zr/Hf s i g n a t u re s 

c h a r a c t e r i s t i c  of major hydroth ermal s y s t e m s .  The d y kes  are intermingled with the 

mi n e ra l i s e d  epithermal b r e c c i a  pr o d u c i n g  a mixing trend of z ir c o n i u m  depletion. The 

Z i r c o n  Alteration Ind ex (40 - Zr/Hf ) i s  p ro p o se d  a s  a s i m p l e  w h o l e ro c k  alteration

m e a s u r e  independent of inh erited z i r co n  s i g n a t u r es  in di v e r s e  h o st  r o c k s . 

Pu b l i c  data for the Emmie Bluff/Oak Dam c a m p  i s  re-interp reted to s h o w  a se q u e n c e 

of s a n d s t o n e,  m a f i c  iro n s to n e  and red s h a l e  i s  altered and co l l a p s e d  into the H I O C G 

b r e c c i a  p i p e s.  The s e q u e n c e  i s  c o r r e l a te d  with the  Lower Pand urra Formation

pre v i ou s l y  c o n s i d e r e d  younger c o v e r  to the  erod ed t o p s  of the  H I O C G  d e p o s i t s .  The 

p i p e s  are now interpreted to form hydrothermal m o u n d s  at the  pa l a e o s u r f a c e 

s u b s e q u e n t l y  c o v er e d  by a h a e m a t i t i c  s i l t s t o n e  c o r r e l a t e d  in t h i s  s t u d y  with the  U pper

GRV. The  en i g m a s  of c l a s t i c  se d i m e n t  i n c l u s i o n s  within O l y m p i c  Dam and therefore

a m i s s i n g  “ O l y m p i c ”  B a s i n  are now r e so l ve d .  The H I O C G  d e p o s i t s  are c o n f i n e d  to

1590Ma d e p o - c e n t r e s  of Lower Pand urra p ro p o s e d  for redefinition a s  the Emmie

Formation . The younger and more ex t e ns i ve  c o v e r  of 1500Ma Upper Pandurra fo r m s 

the true C a r i e w e r l o o  B a s i n  a s  defin ed in the Pand urra area.

Te s t e d  within the  new 4D framework o f  the t e c t o n o - s t rat i g rap h i c  mod el, ZAI i s 

c o n f i r m e d  a s  a valid v e c t o r i n g  tool that re q u i res  l e s s  drilling . Z AI in the  Red S h a l e 

peak OME marker p r o v i d es  a reg ion al pathfinder enabling ear ly s e l e c t i o n  of target

a r e a s.  I n c r e a s i n g  ZAI d i r e c t s  drilling to w a r d s  the  p r os p e c t i v e  se d i m e n t a r y  fa c i e s  and

mi n e ral og i c a l  alteration on the a p r o n s  to the  H I O C G  p i p e s.  H I O C G  target a r e a s 

re v i t al i s e d  by r e - a s s e s s m e n t  of h i s t o r i c  d r i ll ho l e s  will be d i s c u s s e d . 
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A regolith  min eralogy ma p of  Sou th  Au stra lia

Ad j Prof Patrice  de  Caritat, C u r t i n   Uni vers i ty,  G eoscience Austral i a, Dr Anna Petts , 

Geologi cal Sur vey of Sou th Australi a

Bul k q u a nt i t at i ve  mineralogy of regol i th is a u s eful i ndicator of li thological precursor

(protoli th) , degree of weath ering , and s oi l p ropert i es  af fe c t i n g  vari ous p o t ent i a l  l andus e

deci s i ons . To date, no empi ri cal nat i o n a l -sc al e  maps of regol i th mineralogy are availabl e in 

Australia. Satell i te - derived mi neral ogi cal proxy products exi st, however, t hey requi re on - 

the-ground v al i d a t i o n .  Catchment outl et s edi ments coll ected over 80 % of the co nti n e nt  as

par t of the N a t i o n a l  Geochemi cal S ur vey of Au strali a (N G SA) afford a uni qu e opportunity

to rapidl y and cost-effecti vel y  determi ne regolith mi neral ogy us i ng  the archived sampl e

materi al. Combi ni ng regi onal datas ets of s urface mi neralogy and geo chemistry can be

crucial for  decipheri ng and understandi ng regolith proces s es .

Here, we repor t on X-ray d i ffracti o n  (X RD ) mi neralogi cal data and metadata obtai ned on a

s ub s et of 170 NG SA ‘top outlet s edim ent ’  (TOS) s ample s ,  collected from a depth of 0 to

10 cm , cove ring most of South Australia (SA) . Mineral i d e nti f i c at i o n  was carri ed out on

both bu l k and clay ( <2 µm grain -s i ze) f ract i o n s  us i ng EVA®, whi l st q u a nti f i c at i on  was

determi ned us i ng Siroquant®. R es u l t i n g  mineral abund ances a re reported with a Chi - 

s quared good nes s - of-fit between the ac tual di ffractog ram and a modell ed di ffractogram for

each s ampl e, as well as an esti m a ted standa rd e rror ( es d) measurement of uncertainty for

e ach mi neral ph as e q u anti f i ed .  Sens i t i v i ty  down to 0.1 wei ght percent (w t%) was achi eved,

with any mi neral d et e ct i o n  bel ow t hat threshol d reported as ‘tra ce.’ Data quali ty was

deemed fit-for-pu rpos e for regi onal regol i th  mi neralogy mappi ng .

Around 30 mi neral phas es were i d e nti f i ed  i n t he SA regoli th , in  order of d ecreas i ng

commonali ty: quartz ( i d e nt i f i ed  in  all 170 s amples ) ,  kaol i nite, K-felds par (16 5) , mi cas

(group) , pl agi oclas e, s m e ct i te/i l l ite- s m e ct i te  (13 5) , anatas e, mi xed layer il l i te - s m ect i t e,

calcite (97) , h em at i te,  chlori te ( group ) ( 58 ) , amphi bol e, ru t il e  (2 8 ) ,  hali te, gypsum  ( 20),

goethi te, aragoni te (16 ) , zeoli te (group), jaros i te (8) , pyri te, s m e ct i te,  tal c, ankeri te (7) ,

dol omi te, alun i te (3) , bas s anite (a p art i al l y  hydrated calcium s ul fate), nos ean (a s ul fate

bearing fel ds pathoi d), palygors ki te or i l li te- s mecti te/ver mi cu l i te, and vermi cul i te (2) . 

Poorly d i ffracti n g  materia l was als o q u a nti f i ed and report ed as ‘amorph ous ’ ( i d e nti f i ed  i n

169 s ampl es ) .

Mi neral abund ance patterns i n th e SA dataset s ug gest a strong li nk to geology, includi ng

proximity to fres h bedrock, w eathering during s ediment transport, and robust rel a t i o n s h ips

between mineralogy and geo chemi stry.  Exampl es of thi s  wil l be show n.
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A regolith  strontiu m  iso scap e of Australia

Ad j Prof Patrice de Caritat, C u r t i n  Uni vers i ty, G eoscience Austral i a, Prof Anthony Dos s eto,

Uni vers i ty of Wollo n gong, Dr Flori an Dux, Uni vers i ty of Wollo n gong

S tronti u m  is otopes ( 8 7 Sr/86 Sr) are us eful to tra ce pro ces s es i n the Earth s cienc es as wel l as
i n forens i c, archa eol ogi cal, palaeontologi cal, and ecol ogi cal s ciences. As very fe w large -

s cale regi onal Sr i s oscapes exi st in Australia, we have i d e nt i f i e d  an opportuni ty to

determine 8 7 Sr /8 6 Sr rat i o s  on archived floodpl ain s edi ment s amples from t he low-dens i ty
N a t i o n a l  Geochemical Sur vey of Australi a ( N GSA) . Over the last few yea rs , we have

anal ys ed 545 ‘bottom outlet s edi ment ’ (BO S) sam pl es from N G SA sites over three regi ons ,

each approxim ately 1 mi l l i on km 2 i n size: inl and s outheaster n, northern, and s outhwestern
Australi a. The BOS sampl es were collected on avera ge f rom 6 0 to 80 cm deep, thus

mi ni mi s i ng rece nt anthropogenic effects ( e.g., fert i l i s er  ap p l i cat i o n ,  changes i n sedi ment

trans po rt/ d epos i t i o n  in res pon s e to landus e c hange). Co ars e BO S s amples (s i eved <2 mm)

were air-dri ed, s i eved, mi l l ed, and ful l y digested (hydrofluoric acid  + ni tric acid followed

by aqua reg i a) to rel eas e total Sr. The Sr was then s eparated by chromatography, and th e

rat i o  was determi ne d by mul t i c o llec tor  I n d u c t i vel y  Coupl ed Plasma -M as s Spectrome try.

Accura cy, an al y t i cal  preci s i on, i ntra -s ampl e vari a t i o n  and in -field va r i a t i o n  were found to

be fit-for-purpos e for c reati n g   l arge  regi onal -and nat i on a l - s cal e  i s oscapes .

A small er numb er of coars e ‘ top outlet s ediment ’ ( TOS) sampl es ( 0 - 10 cm depth) were

pre pared and analysed the s ame way, s ome from si tes were BOS s ampl es we re als o s el ected.

A very stron g l i near co r relat i o n  was found between TOS and B OS 8 7 Sr/86Sr values ( r2 =

0 .9 7 ) . Thu s , in  total, 576 measured or reg res s ed BOS coars e 8 7 Sr/86Sr rat i o s  were
determi ned and mapp ed . Thi s s ample s e l e ct i o n  and p reparati o n  strategy ( depth, grains i ze,

and d i gesti o n )  maximi s es the l i kelihood that the Sr i s otope res ul ts obtained reflec t geogeni c,

upper crustal cha ra c teristi c s .  T he res ul ts demonstrate a wi de range of Sr is otopi c values

(0. 70 48 to 1.0 90 9; medi an 0.73 77 ) over the th ree s ur vey areas , refl ect i n g  a large di vers i ty

of source rock li thol ogi es , geol ogi cal proces s es , and bedrock ages . The s p a t i a l  di stribu t i o n 

of 8 7 Sr/86Sr s hows coherent ( m u l t i - p o i nt anomali es and s mooth gradi e nts ) , l arge - s cale
(>100 km) patterns that appear broadly cons i stent with s urface geol ogy, regol i th/s oi l type,

and/or ne arby outcropping bedrock. We conclud e that the 8 7 Sr/86 Sr systemat i c s  of N G SA
sedi ments are a s ui table proxy for catchment-averaged upper  crustal c o m p o s i t i o n.
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Using Drill Sample Multi-Element Analyses as a Proxy for Pyrite 
Mineral Chemistry in Mineral Exploration & Orebody 
Characterisation

Simon Griffiths & Aidan Kitchner

Pyrite is a common mineral in many types of metalliferous ore deposits and forms
under diagenetic, hydrothermal, magmatic and metamorphic conditions. This genesis
can be determined using pyrite chemistry from in situ laser ablation inductively
coupled mass spectrometry (LA-ICP-MS) analysis of individual crystals. Such studies
are important in improving the ore body knowledge at various deposit types. Studies
using pyrite chemistry data have defined formation conditions from trace element
chemistry of biogenic, authigenic and hydrothermal pyrite phases.

Reiger et al (2023) demonstrate pyrite chemistry from the Teena deposit, a  clastic
dominant massive sulphide Zn deposit in the McArthur Basin, Australia, exhibits trace
element affiliation for end members of pyrite species. Hydrothermal pyrite is associated
with As, Pb, Tl, Zn enrichment, whereas diagenetic pyrite is enriched in Co, Mo, Ni, V
comparably. These variations are used to determine the hydrothermal influence on sulphide
abundance and produce target horizons for mineralisation. This data use a Li borate fusion
digestion, and spot analysis (10µm) on different paragenetic pyrite stages. However,
instrument availability, which in turn affects analytical cost and turn-around time, is
prohibitive to wide-scale implementation of mineral chemistry systematically
throughout an exploration project. As such, Best Practice drill sample analyses are
performed using a multi-acid digest and multi-element determinations of a pulverised,
homogenised sample aliquot.

In this paper we use 4-acid, multi-element exploration data from drill core to ascertain
which samples contain pyrite and other sulphides. The iron -sulphur ratio (Fe:S)
outlines samples likely containing significant quantities of pyrite and sulphides. These
sulphide rich samples are then assessed using multivariate analysis, specifically by
applying a PCA (principal component analysis) statistical tool. The tool is applied
specifically to samples previously determined to contain pyrite, using trace
elements documented to potentially be present in pyrite.

We show that diagenetic and hydrothermal pyrite stages are distinguishable using trace
element vectors from industry-standard drill core sampling data, thereby enhancing
alteration modelling, geochemical targeting and geomet characterisation of projects.
These interpretation and modelling workflow can be applied to exploration projects and
mining operations  at any pipeline stage.
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Multi-Element Analyses in the Determination of

Chemostratigraphic Facies with RedOx Sensitive Trace

Elements (ROSTEs) as an Exploration Tool for Carbonate

Hosted Mineral Deposits.

Simon Griffiths & Aidan Kitchner

Chemostratigraphy has long been used to differentiate between facies changes

in marine sedimentary successions, especially in the field of hydrocarbon

exploration. RedOx Sensitive Trace Elements (ROSTEs), or the so-called

organometallic elements, have been shown to vary over geological time,

reflecting changing redox conditions at the seawater-sediment interface. These

trace elements exhibit enrichment in sediments containing organic and/or

sulphidic material, deposited under anoxic or euxinic conditions. Such

conditions reflect the sedimentary basin environment during deposition and

Enrichment Factors have been shown to be applicable to marine sediments

deposited throughout the past approx. 800Ma.

Chemical changes through the stratigraphic column at a project are

characteristic of individual facies which can be considered Units of the same

Formation. Often these units do not display clear textural or mineralogical

differences and remain undifferentiated during core logging. Changes in water

column depth and oxidation state during deposition, reflected in the variable

Enrichment Factors and covariance between ROSTEs, determine the future

reactivity of marine sediments involved in epigenetic hydrothermal fluid-

rock interactions. Modelling of such features, which are strong controls

on mineralisation, can shorten the time to discovery and add value through more

detailed  geometallurgical models for both ore and waste material.

Organometallic elements can also be used as proxies to map relative Total

Organic Carbon (TOC), an indicator for reduced sediments. ROSTEs, which

include V, Mo, Ni, Zn, Cu, Cd, Y, Cr, often conform to two groups:  elements 

enriched  in  samples  with  elevated  TOC (Mo, U, V, Zn) and  elements with 

low  Enrichment Factors in samples with high TOC (Cu, Cr, Co, Ni). Using a

multivariate approach to assess how these elements and Enrichment Factors

covary with one another, we show interdependence with Degree of

Sulphidation. In turn, a  robust interpretation of oxidation state during deposition

of sedimentary facies can was generated. This effective tool for identifying

reduced sediment (reactive) horizons has been applied to several carbonate

hosted ore deposits, including Carlin Type Deposits and Carbonate

Replacement Deposits.
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Prelimi nary characterisa tion of greisen -hosted Li mineralisation 

in  eastern Ta smania

Wei Hong , David  R Cooke, Lejun  Zh an g,  Jeffrey Oalmann

Centre for Ore Deposit and Eart h  Sciences (CO D ES), University of Tasma nia, Pri vate 

Bag 79, Hobart, TAS 7001, A us tra l i a 

Lit hium is increasing in demand and becoming a  major exploration target, since it is an

essential metal to rech argeable batte ry and gr een manufacturing as transit ioni ng int o a 

low -carbon emission economy. Large granite batholit hs of Eastern Tasmania n terrane

(400–375 Ma) were formed in a N-trend ing belt parallel t o the act ive conti nental margin of

eastern Australia. These gr anitoids have p re-, syn- and post -collisi onal timi ngs relative

to the Tabbe rrab er an Orogeny (~390 M a). The post -coll isi onal eastern Tasmanian

gr anit oids produced S n -W, bas e metal and int rusion -relat ed gold deposits that are hosted

in the granitoids and surrounding Sil uro-Devonian turbidites. R ecent explor ati on

a cti vit ies reported up to 1.14 wt .% lithi um grade or es (Li2 O) asso ciated with greisen

alter ation in eastern Tasm ania a t areas su ch as th e Dead P ig and Guinea P ig prospects.

Th ese mic a -rich g reisens are relat ed to leucogr anit ic intrusions (~375 Ma) em placed in

an extensional s etting, characterised by h igh SiO 2  and Rb/S r contents, relatively low

F e2 O3/FeO, and enri ched F values (>100 ppm). In altered Tasmanian granites, Li contents

(up to 1,400 ppm) increase c onsistently with S iO2 contents (> 75 wt.%) and positively

correlate with high Rb and C s concentrations, im plyi ng that prolonged degree of

fractionation c an pro mote Li enrichment in the granit ic magmas. F ield and mi croscopic

observati ons reveal that the main Li -bearing mi neral in the greisens is  zinnwaldi te

and associated with an alter ation assemblage consisti n g of topaz ± fluorite + albite + K -

f eldspar +  quartz. Euh edral, coa rse- grained (0.2 mm– 2 cm) z innwaldi te, fluorite and t opaz

are interstit ial to quartz, K-feldspar and albite and h ave  been overprinted by kaolinite ±

dic kite alteration. L A -ICP -MS analyses show t hat the zinnwaldite h as an average o f 1.32

wt.% Li, 1.21 wt.% F e, 7,400 ppm Mn, 6,900 pp m Rb, 640 ppm Zn, 280 p pm Cs, 100 ppm

Nb, 80 p pm Sn and 40 ppm Be. The zinnwaldite is charact erised by extrem ely high Rb/Sr,

constant K/R b, and low Nb/Ta ratios. The textural and chemical characterist ics ar e

consistent with the Tasmanian zinnwaldi te precipitating from highl y evolved fluids

derived from leucogranites. Thi s work can help to assess the potential of greisen -hosted

Li  mi neralisati on  and  provide  insi ghts  for  exploration  in Tasmania and  elsewhere.
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N e ar-m ine targeti ng vi a   l it hoche mi cal  di s cri mi nators - a cas e  

st u d y   at Ol ym pi c  D am , Sout h A ust ral i a

Max R . Ver du go I h l, P h.D, Mod e l l i ng ge ol ogi st, BH P, O l y mpi c D am, Coppe r SA, Jelit a

Sid a but ar, Se ni or mode l l i ng ge ol ogi st , BH P, O l y m p i c Dam , C oppe r SA, Matt hew

M c I nty r e, Mode l l i ng ge ol ogi st , BH P, O l y mpi c D am, Cop pe r S A ,  J. Lac hl a n

M ac do n ald, Resou rce ge ol ogy s upe rinte nde nt , BH P, O l y m p i c Da m, Coppe r SA, Ka thy

E hr in g,  P h. D. ,  G e o me tal l urgy s upe ri nte nde nt,  BH P,  O l y mpi c Da m,  Co ppe r SA

Understanding the prospectiv e  economic domains within the footprint of a  deposit, a nd

dr i ll -testing them , rema ins i m pera t iv e  for inform ing m ine planning a nd a chieving

production goa ls. W hile simply exploring throug h ex trapolated c ontinuity  of

m i neralisation  can render explora t ion  success, this does not leverage other geolog ical

factors a nd lead to unrealised explora t ion  success . I n large hydrothermal systems,

m ineralisation- and a l terat ion-relat ionships can be captured com posit ionally in multi-

elem ent a ssays. These can provide a m eans to g uide drilling a nd i dentify  potentia l 

m ineralisa tion via favourable composit iona l  v a r iat ions. These offer a n  a l terna t ive

explora t ion  model beyond simply the lack or presence of the soug ht-after economic

elements, thus making better use of the full assayed elemental suit e. This case study uses

the wor ld-class O lympic Dam IO CG deposit to present a data-driven approach to vector

toward potentia l  copper m ineralisat ion.

Distance to the 1 wt% C u-shell (created 1 0 m dr illing composites) was used to

categor ise sam ples by proximity to  the copper  mineralisation. Using normative 

mineralo gy calculations ,  concentra tions of  C u-sulfide related elements (C u-Fe-S),

including Au-Ag -U, were removed from individual assays to a ug m ent other key

m ineralisat ion- a nd a l terat ion-related elements. Exploratory Data Analysis (EDA ) was

undertaken using Principa l C omponent Analysis (PC A) on C entre-log ra t i o  (C LR ) 

transformed assays to define coherent g rouping s a ssociated with proximity to known

mineralisa tion.

Preliminary finding s show typical elemental a s socia t ions between m inor- a nd trace-

elements common to I O CG systems in South Australia, displaying strong covar iances

am ong m i neralisat ion-related elements C a -S-C u-Ba-C e-La-Fe-P-As-U-M o. A sub-

com position of the sam e data, by removing equivalent C u -S-Fe-concentrations 

from  nor m ative  sulfides  a nd  U -Au- Ag  , is able  to  preserve  sim ilar  g rouping s 

between  the  rang e of studied elements. These com positiona l  criteria may assist in

generat ing potentia l  m ineralisa tion targets in under explored domains for further geolog ical

review, where a m enable a l tera t ion relationships  a re present. By leverag ing the full suite

of elements, a nd supported by a  sound understanding of deposit a l terat ion,  geolog ists

can provide a strong a lterna t ive view of explora t ion  potentia l  within their own deposit ,

which can ult im a tely  add value to their  business .
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H yper spectral -geochemi str y integrat ion as a tool for g old

expl oration  in d eepl y weathered terrains

Naina  Naina, Wali d Salama, Heta  Lampinen, Michael Verral l,  Louise  Schoneveld

CSIRO M ineral Resources,  Kensington,  Perth, Austr alia

Mineral e xp loration in reg o lith -dom ina ted terrains is ch a llenging . Due to m issing

surfa ce e xpression, m ineral exploration u nde rcove r relies o n g aining a n

un derstanding of  o re -fo rm ing processe s and charact e rizing alteration reg imes to

de cipher suitab le vectors to wa rd o re depo sits. V isible -ne ar, shortwave, and thermal

infrared reflectance spe ctra l analyses acquired fro m d rillholes is a co st -eff e ctive

te ch nique to identify a n d charact e rise m ineral a ssemblages in reg o lith to bett e r

un derstand m ine ral systems, wea therin g processes and d isting uish hyd rothe rmal

alte ration footprints in the regolith . The presente d work fo cuse s on charact e rizing gold

m ine ralisation in a cidic-inte rm e diate vo lcanic a n d volcaniclastic rocks and th e

ove rlying weathering p rofiles to u nderstan d meta l d ispersion m e chanisms.

Hype rspe ctral and ge o chemi ca l analyses were inte g rate d with g eo logical

ob se rvations t o dete rmine m ineralog ical ve ctors to ward m ine ralisation with in reg olith .

In tense we ath ering p roduced a t h ick (up t o 100 m ) wea the ring profile d o m ina ted b y a

lea ched zone of kaolinitic -m icace ous sap rolite. The presen ce of the leached zone and th e

overlying tran sported co ver ob scu re s the g eochemical signature o f the g o ld

m ine ralisation nea r surface . The mine ralogical and geochemical composition s of gold

m ine ralisation were determ ined u sing HyLo gge r, X-ray d iffraction, b u lk geochemical

an a lyses, TES CAN Integ rated Mineral Analyzer an d laser a blat ion ICP -MS. G o ld is

asso ciated with multiple generations of pyrite s an d Cu-Bi-As-Ag -Se -Ni-Pb -Zn sulfide s an d

su lfosalts tha t exhibit va rious te xtures and e lement  zon ing. Gold a nd a sso ciated sulfide s

were formed in respon se to h ydroth e rmal a lteration and m etam orph ic

recrystallisation . Weathe ring of  gold and sulfides produce d a blanket o f su pergene

m ine ralisation n ear the weath e ring front that consists of collofo rm a nd framboidal

pyrite, p u re m icrocrystalline Au , chalcocite, b ornite, malachite, a nd alun ite.

Hype rspe ctral data from saprock-b edrock ide n tified compositional a n d a bunda n ce

tren d s in chlorite and white m ica. The m ineralo gy identifie d va ried fro m Na - a n d Al-rich

white m ica (paragonite ) and Fe -chlorite (cha mosite ) in proximal a reas to K -rich an d Al -

po or white m ica (mu scovite) and Mg -chlorite (clinoch lore) distal to t he

m ine ralisation. The leache d zon e is d om inated b y white m icas with traces o f chlorite an d

preserves the same compositional va riation tre nds o f the sap rock -bedrock. The refo re,

the survival of white micas in regolith can be used to map the hydrothermal alteration

patterns  at  sha llow  depths  e ven  though  the  g o ld  m ineralisation  is  lea ched by we a the ring.
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Utilisin g CoDA b ased techn iq ues for till and surficial
geochemical d ata  in  mineral exploration for critical raw  materia ls

Pertti S arala1 * , Charmee Kalubowil a 1 , P atricia P uchhammer2 , P eter F il zmoser 2 , Lucija

Dujmovi c3 and Solveig P ospiech3

1 Oulu Mining School, P.O. Box 3000, F I-90014 University of Oulu, Finl and *Presenting

author, E-ma il : pertti.s arala@oulu.fi, 2 Technical University of Vienna, Aust ria,
3 Helmholtz-Zentrum Dresden-Rossendorf  e.V. (HZDR), Germany

Compos it ional data, such as geochemical d a ta are the data that can be summ ed up to a

fix e d constant. There are t wo main t i ll geochemical da tasets available in F inl an d with

different sampl ing densities. The targeting till geochemical data set is  having sampl ing

densit y of 6-12 samples per km2 where the sampl ing dens it y of regional ti ll geo ch emical

data is  one s ample per 4 km 2 .  A subset of data from th e c entral L apland in F inl and has
b een consid ered . Quantile-quantile plot s, princip al component analysis (PC A) bipl ots

and heatmaps were us ed to explore and analyse the diff er ent data sets and elemental

assoc iation between differ ent analysed el ements. The dist ributi on of elemental

concentr ations varies strongly between map sheets in targeti ng ti ll data as well as they vary

between targeting and regional ti ll data sets despite composit ional transformation. Thus,

it was decided to analyse the map sheets ( 1:100 000 scale) separately. PCA bipl ots related

to a n  area which contain s two Ni-Cu-PGE  deposits (Sakatti and Kevitsa), representing all 

data sets sep arately illust rate  elements in dist ing uishable 2 elemental groups of Ti, Al, V

and  Cr,  Ni,  Mg  which  positi vel y  correlates  with each other.

Another app roach in sur ficial geoch emistry is  to test how the we ak le ach geochemic al

methods of upper soil as well as bi ogeochemi stry a re wo rking in tracing the c ritical

metal sources related to ultramafic ro cks in differ ent soil types and land us e ar eas in

Europ e. The ta r get areas locate in Czech Republic, Finland, Poland and P ortugal. Upper

soil analys es show a signi ficant response to many elements with known minerali zed

b edro ck targ ets observed in the suboutc ro ps and drill core d ata. An elemental dist ribution

is  also reflecting the li thological variations of rock unit s in the bedrock. In addition to

the weak leac h  geochemi c al data , ther e is  also good or moder a te correlation for seve ral

elements betw een th e bi ogeochemic al data and u nderlying bedro ck . Ho w ever, th ere ar e

signi fic an t differen ces betw een the plant species and parts w hich need future studies. This

research proves tha t surficial geo chemical m ethods in different terr ai n types ar e an

effective, environmentally fri endly geochemical exploration technique for critical r aw

materials.

This research is a pa rt of  the EU funded SEMACR ET project.
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Understanding geochemical interfaces in the Georgina Basin: 

Applications for mineral exploration

I. Schroder, D. Champion, P. de Caritat, D. Huston

In-situ near-surface geological boundaries and redox t rans i t i o n  zo nes are valuable

geochemical interfaces fo r trapping and concentrati n g  elements that can be indicators for

deeper o r distal mineralisation. As a  result, they can be a more cost-effecti v e  and

geochemically se n s i t iv e  sampling target than in-situ alteration o r mineralisatio n ,  yet this is

often overlooked in traditional exploratio n  and drilling campaigns. However, the

geochemical processes that transport o r trap these elements can differ markedly depending

o n  many factors including lithology, weathering regime and hydrogeology. Thus, building

an understanding of t he local geochemical interface(s) and their provenance is needed when

entering a new geological province (or basin), to best enable their use as a tool for mineral

exploratio n . 

As part of Geoscience Australia’s Exploring fo r  the Future Program, o ur inve st i gat i o n 

focuses on the Georgina Basin. Using new whole-rock and isotope geochemistry from 9

drillholes in the central Northern Territor y, we demo nstrate an improved understanding of

the processes a f fe c t i n g  geochemical mi g rati o n  in this region. Our findings provide insights

into Georgina Basin's sediment-hosted Zn-Pb and phosphate p o tenti a l ,  while also having

relevance for new clay-hosted rare-earth element (REE) prospectiv ity.

Portable XRF data of these drillholes provided the first i n di cati o n  o f geochemically

enriched interfaces in the Georgina Basin, with elevated Pb, Zn, Cu, P and REE s observed

at consistent depths between drillholes. Follow-up whole -rock geochemistry (76 samples)

and isotopes (P b and Sr, 17 samples) is presented here, which targeted transects through

these interfaces, as well as background lithostratigraphy.

Loo king into the elemental and mineral asso c i atio n s  across these interfaces, clear redox

transit io n s  are evident at two depths in the basin. The shallower geochemical interface (~5 -

20 m  depth) is interpreted as a surface weathering profile, while the deeper interface, coined

the water-intercept zone (~40-70 m  depth), is found near the water-table of the regional

aquifer. Supported by geochemistry, we discuss the mechanisms t hat have formed the water-

intercept zone, covering the provenance, m i g rati o n  and trapping o f  geochemical signals.

Finally, we showcase how the water-intercept zone can be practi cally used for mineral

ex p lorati o n ,  by integrati ng  with the groundwater chemistry to validate and map radiogenic

P b isotope ano malies representative of  the basin’s sediment-hosted Zn-P b mineralisation.
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Blank Analyses in Geo chemical Quality Contr ol: How to Get 

Something from Nothing

Profess or Cliff Stanley, Ph.D., P.Geo., Dept. of Earth & Environmental S cience, Acadia 

Un iversity Wolfville, Nova Scotia, Canada, B4P 2R6 (cliff.stan ley@acadiau. ca), 

Associate Professor John Murimboh,  Ph.D. Dept. of Chemistry, Acadia Uni versity 

Wolfville, Nova Scotia, Canada, B4P 2R6 john.murimboh@acadiau. ca)

QAQC sampl es that can be used to determine if geochemical analyses are ‘fit for purpose’

include: (i) reference materials, (ii) f ield, prep aration, di gestion, and analyti cal replicates,

and (iii) blanks. These samples assess the essential measures of data quality

(accuracy/ precision ), detect contami nation, and i dentify other samp ling/analysi s problems.

Researchers have developed sophisticated numerical procedures to assess accuracy and

precision (e. g. Thompson & Howarth error plots for duplicates, and Sh ewhart control charts

for reference material s), but blanks are commonly only examined to iden tify whether

con taminati on is present. Fortu nately, blank analyses have other high-valu e purposes,

particul arly if element co ncentrations are provided b y the labo ratory in u n-truncated/un-

ro unded (raw) f orm (most will).

Element concentrations cal ibrated from analytical respon ses presume that analytical blanks

have a zero concentration . Using raw  geochemical resul ts, stati stical tests can be  used to

rigorou sly assess this h ypothesis. When rejected, the mean of a n on-zero analytical blan k

serves as a backgrou nd correction factor that can be subtracted f rom the  concentrations to

elimin ate analytical  bias.

Raw laboratory blank analyses can al so be used to assess whether an analytical batch has

been reported with an appropri ate detection l imit, defined as the  concentration where

analytical error is 50 % (equal to two standard deviations of the  blank anal yses).

Furthermore at this detection li mit, th e magnitude of the  reportin g interval that i ntroduces

an acceptable amount of round-off error (5 or 10 %) is also calculable.  This allows

geoscien tists to trunca te and round labo ratory-supplied raw element concentrations i n a

manner that reports these data with the highest statisti cally justifiable resoluti on, a feature

not necessari ly achieved using the  routine laboratory truncated/round ed concentration data.

Even using the lab-truncated/ rounded results, geoscienti sts can statisticall y test wheth er

the number of blank anal yses exceeding the  detection limi t is statisti cally expected, a

procedure that eff ectively flags batches where inappropri ate detection l imits have been

used by the labo ratory, or where o utlying (contamin ated) con centrations may be  present.

C learly, important data quali ty information can b e obtained from blank analyses, provided

th ey and their associated data, are supplied in raw form by the  analytical laboratory (i.e.,

you  can get something f rom nothing!).
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Deploying a LIBS and XRF in the field for early-stage lithium 

exploration

Steven Tambanis

Realti m e Pt y Ltd w a s  form ed i n 2023 t o e s t a b l i s h  a f i e l d - b as e d  L I B S  c a p ab i li t y  for

lit hi um explorati on . G e o l o g i s t s  Mark S a x o n ,  Mi k e Hu d s o n  and m y s e l f  p u r c h a s e d  a

S c i a p s  Z -903 L I B S  pri m ari ly to c o n d u c t  our own f i r s t - p a s s  evaluat i o n of li t h i um

p r o s p e c t s .  Rea l-ti m e a n a l y s i s  of light e le m e nt s ,  i n pa r t i c u l a r  li t h i um , w a s  a hi ghly

a t t r a c t i v e  c o n c e p t  a s  I had work ed i n a li t hi um mi n e and s a w  t he di f fi c u l t y  i dent i fyi n g

lit hi um m i n e r a lis a t ion when explori n g. We bought a pXRF at t he s a m e  t i m e s o  you

c o u l d  s a y  we pret t y m u c h  m axed-out i n v e s t m en t  i nto portable s p e c t r o m et r y …  m o s t  of

i t int o a c u t t in g  edge t e c h n o lo gy  of w h i c h  we k new not hing. What c o u l d  p o s s i b l y  go

wrong? Anyway, i t ’ s  been an i n t e r e s ti n g  deep di ve i n t o L I B S  - from an expl o rati o n

ge o l o g i s t ’s  p e r s p e c t i v e .  Wh at we a s s u m e d  w a s  a po i n t - an d -s h o o t  d e v i c e …  t aught u s 

t o never a s s u m e .  We q u i c k l y  learned what our bo u n d a r i e s  were, re -learned al l t h i n g s 

about s a m p l e  pre parati o n, s a m p li n g  t heo ry… an d p r a c t i c e ,  i n s t r u m e nt c a l i b r at i o n , 

s t a t i s t i c s  and a s s a y i n g  p r o t o c o l s .  We s q u e e z e d  a lot i n t o an ei ght mon t h peri od and

along t he way d eveloped s o m e  u s e f u l  le a r n i n g s  about i m plemen t ing L I B S  i n t o t h e

fi eld. Real t i m e a n a l y s i s  e n a b le s  bet t er d e c i s i o n  mak i ng t o be made duri n g a fi eld

programme, rat her th an wait i ng 4-8 w e e k s  for laboratory a s s a y s  t o be return ed. T h i s 

e m p o w e r s  your fi eld explorati on t eam to o p t i mi s e  pr o g r a m m e s  on -t h e-fly, s a v i n g  t i m e

and r e s o u r c e s 

The L I B S  i s  a hi ghly s e n s i t i v e  i n st r u m e n t  wit h th e abilit y to a c c u r a t e l y  report low ten or

li t hi um i n s o i l s  down t o 20mm Li t h i um… t hrough t o hi gh grade s p o d u m e n e .  S a m p l e 

pre parat i o n i s  mandato ry and wi t h a handful of la borat ory a s s a y s  for ori entat i on, you

c a n  get quanti t at i ve li t hi um a s s a y s .  You a l s o  need to wri t e c u s t o m  c a l i b r a t i on s  for your

L I B S .  We c a n  generat e a c c u r a t e  lit hi um s o i l  g r i d s  i n real t i m e t oget her wi t h L C T  met al

r a t i os .  We love t h e L I B S  for li t h i um but when i t c o m e s  to heavier  L C T  e l e m e n t s  and

r a t i os  lik e K /Rb, a pXRF i s  s u p e r i o r  due t o i t s  larger beam s i z e  and s i m p l e r  s a m p l e 

preparati on . In our opini o n, you need bot h a L I B S  an d a pXRF i n t he field. The L I B S 

i s  u s e d  prim a ri ly for li t hi um a n a l y s i s . 

We developed a novel met h od of pr e s e n t i n g  s a m p l e s  t o L I B S  t hat d o e s  not requi re

p r e s s e d  p e lle t s .  I t ’ s  rapid to deploy in t h e fi eld and a p p e a r s  t o be a s  good a s  p r e s s e d 

p e l le t s .  B e c a u s e  we c o u l d  not fi n d anyone i n A u s t r a li a  t o mak e and provi de p r e s s e d 

p e lle t s ,  we p u r c h a s e d  a h y d r a u l i c  pe llet p r e s s  and developed our own c a p a b i l i t y. 

We mak e our own bi n der -free p r e s s e d  pellet r e f e r e n c e  m a t e r i a l s  for i n s t r u m en t 

c a l i b r a t i o n ,  i n c l u d i n g  C R M s  and our own s a m p l e s .  We a l s o  c u s t o m - p e l l e t i s e  s a m p l e 

mat eri al on order.

If L I B S  and XRF are of pot ent i al i n t e r e s t  t o your hard r o c k  li t hi um explorati o n

pr o gr a m m e s ,  p l e a s e  c o n t a c t Mark S a x o n , Mi c h a e l  Hu d s o n  or m y s e l f  to d i s c u s s .  You

c a n  c o n t a c t  u s  through Link edIn, or i n f o @ l i b s x r f . c o m .  w w w . li b s x r f . c o m 
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Clay - H osted Ra r e Ear th  El eme nt  min e r a l d epos it f or ma ti on an d 
ex pl or a tio n in Sout hw ester n  W est er n A ustra lia.

T hor ne, Rober t , Igl esi as-Martí nez , Mari o,  Reid, Nathan, Davis, Aaron, Lampi nen, Heta, 
and Pi nchard, Tenten 

CSI R O M ineral Resources, 26 Dick Perry Avenue, Kensington, WA, 6104,  Australi a.

Due to r api d technological advances i n  recen t deca des , Rare E arth E l em ents (REE ) are

criti cal metals of g l obal i m portance. OD6 Metal s expl oration Spl i nter Rock tenement

pa ckages l ocated ~10 0 km N E of E sperance, Western A ustrali a, are prospective  for clay -

hosted RE E . A comprehensi v e understandi ng of the m echani cal and hydromorphic

di spersi on  of  RE E  i n  these  deposi ts  i s  esse nti al  for  effective g eochemical expl oration .

Regolith profi l es anal y sed from the region ranged i n thickness from 1 to 111 m ,  with

thicker (> 20 m )  cl ay hosti ng RE E uni ts found between ou tcropping g ra ni tes . I deali sed

l og s show a profi l e com pri sed of an upper 1-3 m calcrete uni t bel ow which a medi um -

grai ned sandy hori zon approx. 10 m i s present. The underl y i ng 10-20 m compri ses sm ectitic

clay . A bl ack organic-ri ch clay l ayer m ay be bel ow the se cl ays (1-15 m thick). Below thi s,

more homogeneous kaoli ni tic lig ht grey clays are common . Total rare earth oxi des and

yttrium (TRE OY) concentrations are hi g hest i n the l ower porti on of the profi l e (up to 6600

ppm  TRE OY, wi th con centrations c ommonl y cl ose to 15 00 ppm) .

The deg ree to whi ch reg ol i th i s  transpor ted i s of ten chal l eng i ng to determi ne due to

the si m i l ar mi neral og i cal composi tion of both i n -si tu and transpo rted m aterial e.g. cl ays

and i ron oxi des . I n this deposi t, increases i n potassi um con centrations related to the

presence of unweathered fel dspars and chang es i n kaolini te crystalli ni ty mark the

boundary between transported and i n -si tu reg ol i th. Thi s boundary i s  further em phasi s e d 

by changes i n conductivity observed i n  airborne el ectromag neti c surveys , with consi stent

h orizons mapped over 1 0s of km. TRE OY concen trations are hi g hest i n the in-si tu regoli th

close to the bou ndary wi th transpor ted cl ays  and are hosted wi thin phospha te mi neral s .

The regi on's l andscape hi story shows that grani te was v ari ably ex posed before the

E ocene. The associated RE E enri chment i n the i n-si tu reg ol i th most l i kel y occurred

duri ng this peri od, before transg ressi ons i n the E ocene resulted i n  del tai c condi tions

l eadi ng  to  the  deposi ti on  of  bl ack  cl ays ov erl yi ng the i n-si tu regolith.
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