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ABSTRACT

The central Yorke Peninsula in the southern Gawler Craton, South Australia forms the
Southern extent of the Olympic Copper-Gold Province. The area is known for its iron
oxide-copper-gold (IOCG) style mineralisation, yet the pathfinder elements associated
with mineralisation and the processes and/or lithological controls effecting the
distribution of potential pathfinder elements within mineral phases are poorly
understood. Analyses of whole rock geochemical data from basement lithologies
identified Au, As, Ag, Bi, Ce, Cu, La, Mo, S and W as pathfinder elements towards
potential (IOCG) mineralisation in the area. Mineral phases that preserved these trace
element signatures were investigated with SEM back scatter analysis and Laser-
Ablation Inductively-Coupled Mass Spectroscopy (LA-ICP-MS) analysis. SEM
analyses determined LREE’s are host within bastnisite, which has a documented
occurrence across Yorke Peninsula. Sulphide phases were identified to host elements
Ag, As, Au, Bi, Cu, Mo and S. Within pyrite, pathfinder elements are preferentially
hosted within inclusion rich areas. Chalcopyrite was determined to host concentrations
of Au. A prospectivity index was created for central Yorke Peninsula by combining
identified pathfinder elements to create an IOCG index for representative samples. The
index highlights an area proximal to the township of Alford as a potential hotspot for
mineralisation/exploration within central Yorke Peninsula.
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ppm. d) Ta ppm. e) Ce ppm. f) U ppm. g) Th ppm. h) La ppm. i) Cr ppm. j) Co ppm. k)
V ppm. 1) Ni ppm. m) Sb ppm. n) W ppm. 0) Te ppm. p) CS PPM. ....covvvervrieerrerreennenn 25
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matrix. b) Reflectedlight image of same area in (a)) displaying small pyrite and galena
growth within siderite veining. ¢) Micro probe image to highlight the subhedral to
euhedral pyrite growth and small (5um) galena within siderite veining. d) CPL image
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CPL image displaying amalgamated dolomite/calcite and chlorite growth proximal to
sulphides. f) Reflected light image of same area in (e)) which details different areas of
sulphide growth . g) CPL — with reflected light image of larger pyrite and amalgamated
dolomite/calcite and chorite growth within brecciated cracks within the matrix. h) CPL
— with reflected light image displaying chalcopyrite and pyrite (py within cpy) within a
single sulphide and sharing a border with chlorite growth. i) CPL image of oxide
veining within larger quartz vein within k-feldspar-quartz matrix. j) Reflected light
image of same area in (i)) detailing Hem/mag oxide vein and smaller disseminated
oxides within k-feldspar-quartz matrix. k) Electron back scatter image highlighting the
presence of LREE mineral bastnésite and its spatial relationship to ilminite and apatite.
I) Electron back scatter image of Ce to show evidence of high LREES residing within
bastnasite. m) Electron back scatter image of La to show evidence of high LREES
residing within bastnésite. Symbols — Apa — apatite, Bas — bastnasite, Chl —
chlorite,CPL — Cross polarised light, Cpy — chalcopyrite, Dol — dolomite, Gal — galena,
Hem — hematite, Ilm — ilmenite, Mag — magnetite, Py — pyrite, Sid — siderite, Qtz —
quartz. Mineralogical symbols will be used throughout paper...........ccccccceeveevveviesnenee. 28
Figure 6 - Selected qualitative element maps for sample 1949789 and 1949023 showing
back scattered electron image (BSE) Ca, Ce, Cu, Fe, La, Mg, S and Si content. a)
Annotated BSE image detailing minerals in sample. b) Qualitative element map for Ca.
c¢) Ce qualitative element map showing small LREE mineral within quartz-k-feldspar
matrix. d) Cu qualitative element map. e) Fe qualitative element map highlight Fe
content of siderite vein and pyrites within vein. f) La qualitative element map
highlighting small LREE mineral within quartz-k-feldspar matrix. g) Mg qualitative
element map. h) S qualitative element map highlighting sulphides present in sample. 1)
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Si qualitative element map showing Si content in background matrix. j) Annotated BSE
image detailing minerals in sample. K) Qualitative element map for Ca showing Ca
content in dolomite/calcite. 1) Ce qualitative element map showing LREE mineral
within quartz matrix. m) Cu qualitative element map showing Cu content in
chalcopyrite. n) Fe qualitative element map highlighting varying Fe content in sulphides
(light and dark blue). o) La qualitative element map highlighting small LREE mineral
within quartz matrix. p) Mg qualitative element map shows Mg content in dolomite. q)
S qualitative element map highlighting two different sulphides present (Pyrite lighter
blue/chalcopyrite dull blue). r) Si qualitative element map showing Si content in
DACKGIOUND MALIIX. .eevviiiieiiieie ettt e e e sneenne s 31
Figure 7 - - Selected qualitative element maps for sample 1949023 showing back
scattered electron image (BSE) Ca, Ce, Cu, Fe, La, Mg, S and Si content. a) Annotated
BSE image detailing minerals in sample. b) Qualitative element map for Ca showing Ca
content in dolomite/calcite. c) Ce qualitative element map showing small LREE within
quartz matrix. d) Cu qualitative element map showing possible Cu rich area in pyrite
inclusion zonation. e) Fe qualitative element map highlighting Fe content in pyrite and
chlorite. f) La qualitative element map highlighting possible small monazite within
quartz matrix. g) Mg qualitative element map shows Mg content in dolomite. h) S
qualitative element map highlighting sulphides present. i) Si qualitative element map
showing Si content in background matrix. j) Annotated BSE image detailing minerals in
sample. k) Qualitative element map for Ca showing Ca content in dolomite. I) Ce
qualitative element map showing small LREE mineral within quartz matrix. m) Cu
qualitative element map showing Cu rich area in chalcopyrite. e) Fe qualitative element
map highlighting varying Fe content sulphides and chlorite. f) La qualitative element
map highlighting small LREE mineral within quartz matrix. g) Mg qualitative element
map shows Mg content in dolomite/chlorite. h) S qualitative element map highlighting
two sulphides present. i) Si qualitative element map showing Si content in background
L USSP 32
Figure 8 - Selected qualitative element maps for sample 1960847 showing back
scattered electron image (BSE) Ca, Ce, Cu, Fe, La, Mg, S and Si content. a) Annotated
BSE image detailing minerals in sample. b) Qualitative element map showing Ca
content in apatite. ¢) Ce qualitative element map showing Ce residing within bastnésite .
d) Cu qualitative element map. e) Fe qualitative element map highlighting varying Fe
content in Ti/Fe oxide and ilmenite. f) La qualitative element map showing La residing
within bastnasite. g) Mg qualitative element map shows Mg content in variation of
Ti/Fe oxide. h) S qualitative element map displaying no sulphides present. i) Si
qualitative element map showing Si content in background matrix. j) Annotated BSE
image detailing minerals in sample. k) Qualitative element map for Ca showing Ca
content in apatite. ) Ce qualitative element map showing Ce residing within bastnésite .
m) Cu qualitative element map. n) Fe qualitative element map highlighting varying Fe
content in Ti/Fe oxide and ilmenite. 0) La qualitative element map showing La residing
within bastndsite. p) Mg qualitative element map shows Mg content in variation of
Ti/Fe oxide. q) S qualitative element map displaying no sulphides present. r) Si
qualitative element map showing Si content in background matrix. Symbols — Apa —
Apatite, Bas — bastnasite, ilm — iIMenite ... 33
Figure 9 — BSE images highlighting where individual spots were analysed within
sample 1949023. a) Analysis was undertaken on a larger pyrite with apparent inclusion.
10 spots were analysed; locations numbered recorded in image. b) Analysis undertaken
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on area that preserved large primary growth and smaller remobilized growth. 11 spots
were analysed (7 chalcopyrite, 4 pyrite); locations numbered recorded in image. c)
Analysis was undertaken on chalcopyrite as complete chalcopyrite and area of
intergrown chalcopyrite growth. 15 spots were analysed (11 chalcopyrite, 4 pyrite); );
locations numbered recorded iN IMAJE.........cceiieireie i 38
Figure 10 - Details how the element values of sulphide grains measured against
stoichiometric values for each sulphide. Stoichiometric values for chalcopyrite (S=1.08
mol — Cu=0.54 mol) and pyrite (S= 1.66 mol — Fe= 0.83 mol). Purple dot in plots
represents stoichiometric values for each sulphide ...........cccccoeveiieiiii i 38
Figure 11 - Trace element v’s Fe plots to determine trace element concentrations within
selected sulphide phases. Pyrite data displayed in green; chalcopyrite data displayed in
red. a) Ag showing slight elevations in chalcopyrite but mainly hosted in pyrite. b) As
showing most samples low in Ag except for two high in pyrite data. ¢) Au showing the
majority of sulphides sampled show no elevations except for one chalcopyrite and 4
pyrite. d) Bi showing majority of Bi readings are hosted in pyrite. €) Cu showing
highest concentrations attributed to chalcopyrite and much smaller amounts in pyrite. f)
Mo showing readings are hosted within pyrite. g) S showing content hosted within both
sulphides. h) W showing concentrations are low from selected samples....................... 39
Figure 12 - Geochemical plots of major and trace elements displaying separation of
lithological groups. a) MgO v’s SiO, displaying a negative linear trend showing clear
separation of lithological groups. b) TiO, v’s SiO, showing separation of lithological
groups, yet displays overlap through TiO, concentrations. ¢) V v’s Zr showing

separation of lithological groups as ratios of element concentrations...............ccccevueene.. 42
Figure 13 — Assigned pathfinders elements within Yorke Peninsula basement rocks and
their passed criteria a) Ag . b) As. C) AU. d) Bi...ocooovviiiiiiiiceeee e 45
Figure 14 - Assigned pathfinders elements within Yorke Peninsula basement rocks and
their passed criteria a) Ce. b) Cu. €) La. d) MO .....oooviiiiiiiieeeee e 46
Figure 15 - Assigned pathfinders elements within Yorke Peninsula basement rocks and
their passed criteria @) S. D) W ..o 47

Figure 16 - — Gridded maps displaying the prospectivity index concentrations across
central northern Yorke Peninsula highlighting the Alford Ridge as a potential area for
further exploration. Prospectivity index scores: >0.8 is highly significant, 0.6-0.8 is
very significant, 0.4-0.6 is significant. Note representative highs along the Alford Ridge
achieved a prospectivity SCOre 0f 0.7........ccooveiiiiiiiececce e 56

Table 1 - Representative data of major elements from Wallaroo basement lithologies 14
Table 2 — Representative trace element concentrations for lithological groups............. 15
Table 3 - Stratigraphy of the northern Yorke Peninsula region from (Forbes 2012a)
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