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Presentation outline

* Introduction to mineral chemistry

* Previous work
e South Australia I0OCG (py-hem)
e Lady Loretta, QLD (py)

 Planned work for NW Queensland
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Mineral geochemistry vectoring

* Many gangue minerals found in hydrothermal alteration assemblages
are sensitive to changes in fluid chemistry and temperature
e Sulfides (e.g., pyrite and pyrrhotite)
e Silicates (chlorite, epidote, quartz)
e Oxides (hematite, magnetite)
e Carbonates (dolomite, calcite)

* These characteristics enable us to obtain reliable paragenetic
information about a deposit or prospect and can help improve
exploration efforts
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Why laser ablation?

 Mineral trace element geochemistry is not a new discipline (~50
years)

e Early methods: Electron microprobe and solution ICPMS

e Problems — high detection limits (microprobe) and no spatial context (solution
ICPMS)

e Later developments: proton microprobe; SIMS and TIMS
* Pros: low detection limits; spatial context preserved
* Cons: Very expensive

 Laser ablation combined with ICPMS solved these problems
e Particularly imaging
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South Australia mineral
geochemistry vectoring project

e Sponsored by the Geol Survey of South

Summary and final report
on pyrite, magnetite

Australia and hematite mineral
geochemistry,
e Three years (2014-2017) fl South Australia
R r Jeffre:,rASteadman,Fioss_R Large,
o Alms: Daniel D Gregory, Sebastien Meffre,

Matthew Cracknell, Steven Kuhn and
Adrian Fabris

e Phase 1: Database of pyrite-magnetite-hematite
analyses from deposits across SA; ‘fingerprint’ styles
of mineralization; trace element vector
development

e Phase 2: Characterization of pyrite (+tmagnetite,
hematite) from Mineral Systems Drilling Program;
evaluation against known systems

e Phase 3: Characterization of pyrite and hematite
(tmagnetite) from Intercept Hill (Emmie Bluff);
|OCG vectoring

UNIVE RSITYGf AUSTRALIA ﬂm:ﬁghm*
TASMANIA




Phase 3: Intercept Hill/Emmie Bluff

e Six holes drilled by Argo at Intercept Hill (~90 km S of Olympic Dam)
were sampled in April 2017
e [HAD-1, -2, -3, -4, -5, and -6

e Additional set of samples from BS-1, ~8 km west of Intercept
Hill/Emmie Bluff

e Dual pyrite and hematite imaging focus

e Great results

R U LERSITYof CODES



A MIr>s — 1]
SEARIG —_— <
0y @ 2 9 saions {8
All Map Active Saved Spanial Location ~ Q —

Layers Layers Maps Search Search
Identify '

B >~ W
& |
®

Baze Maps

=

Print Map

Gravity -

Gravity 1VD - onshore

Gravity 1VD - offshore

Gravity UC1000 Residual - onshore

Gravity UC7000 Residual - offshore

Depth to basement

Total count (radiometrics)

DOSE (radiometrics)

Potassium (radiometrics)

Coompana Gravity Image 2017

Ternary (radiometrics)

Thorium (radiometrics)

Uranium (radiometrics)

UiThorium ratio (radiometrics)

Total Magnetic Intensity - TMI (WPA-SGRV-EGP)

Total Magnetic Intensity - TMI RTP (WPA-SGRV-EGP)

Total Magnetic Intensity - TMI RTP 1VD (WPA-SGRV-EGP)

Total Magnetic Intensity - TMI RTP UC1000 Residual (WPA-SGRV-EGP)

[F WL Ol ISl ISR LIl LRl LIS TS 1]

RV-EGP) % J 2
@ Decimal Degrees Minute Seconds ¥ %77 71" 0 1 2km



SE

NW

1HADZ {HADS 1HADZ
o hd ™ —9
- —— ]
100m
Tregolanna Shale
200m
300m
Whyalla Sandstone (77)
Tapley Hill Formation
00m R —
= . . o o ., e -
- LI o4 [ . . ——
[l el w7 e r . i . ,
. " ' C oo v, T T, N P S ———
Fe L EI N . es o )
I '
: *
T [ - " - Pandurra Formation (Red Beds)

1A

-
e
/f'
P
1
/
.
EOH 1027.5m
[B¥ Cockscomb @z and Cu-hem veins
I sheeted quartz (Cu) veins i
Intercept Hill
Erapqm Formation Ifﬂmm Interpreted Cross Section
Y] Fanturma Fomation {conbiy faces) Granitaipegmatite (Hitaba Event) Emmie North
[ Eright Red Mutsione
[ | Panaurra Fomation Fa0 Atteration - Q
[T Hematie after Chi - Hem [IT] 5 Magnetne @9\...,,‘_
[_] Fine grained sandstons e [ Hematns Auor 3. Biwwart [ Ao pemt 802 Scaie: 15,10
{Ofien ahared by widespread chiortizaton) e CoD e~ e bt T 3
ETY 3 Dot Sapt 200 | R B | Aol




chi, basalt, colloform

EOH 1000.2m

Simmons. Quartzite Member

Corraberra Sst. Member

825 5-837.07

afic dyke (chi)

Simmons Quartzite

Tregolanna Shale

Whyalla Sandstone

Pandurra Formation

F.
qizamichlipy | * ‘rég?.magn’ "
Zone of foliated magnetite- 842 12-807 ("Jaspilitic Fe-Fm")
magmnetite .

"“grey-mafic infrusion clasts" - 760-808m

EOH 220.0m

interpreted top of
alteration halo
(Mironsione")

Basement (Gawler Range Aged) and
Undifferentiated Lower Proterozoic | Archean

a-Blolomite:

Chiorifized —-me—
sandstons

Ironstone - Partly Colloform —s- fr
Late 5i - overprint {cherty e
or vughy)

possible precurser
o ironstone

debris slide (inc. K-sparigtz)
ECH 1027.5m

Intercept Hill

Cross Section Interpretation
IHAD 1 to 3 - View Morth

argo

Auteor 4, Skwssrt g et 0843
TAD Fwcuroes - P
Tk [0 048 204 ~ P [0 648 32000

Scwie 18,000

e e e g | e e 0 e B P




i.
e
¢

- -




IHAD-5
969.4m

&

Pyrite-

carbonate

Field of view is
25 mm




10’
10°
10°
10*

S34 ppm

10°
10°
10
10°

Tel25 ppm

IHAD5-969.4m




IHAD5-969.4m

Agl07 ppm

Pb208 ppm

10°
10*
10°
10"
10

e

Snll8 ppm

=

Sb121 ppm




N EF EE Eao

Granitic breccia w/hem

Field of view is

25 mm
A P




IHAD2-820.1m

UNIVERSITY of
TASMANIA

10°
10"
10°
107}

Sb121 ppm

Bal37 ppm

Gd157 ppm

‘Core’ elements

Zr90 ppm

Nb93 ppm

10t
10°
10!

Tal8l ppm

10°
107!

AglO7 ppm

=
=]
=

Celd40 ppm

10%
10

[=]

Core-rim
boundary

‘Rim’
elements

CODES




Vectoring at Lady Loretta using LA-ICP-MS
pyrite trace element geochemistry
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Sample location — Lady Loretta
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Lady Loretta geology — local stratigraphy and
samples
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lithologically variable, coarsening u
sequence (sandstone, dolomitic and non-
dolomitic siltstone; rare ooid grainstones and
halite moulds); transitional to Shady Bore
Quartzite

carbonaceous shale, sideritic, ankeritic and

dolomitc mudstone, minor sandstone; often

raded; abundant pyrite interbeds near Ore
uence, decrease in pyrite up section

thinly bedded sphalerite, galena, pyrite; high
ﬂ (massive) ore near contact with Fnrrf'u.:

nit; carbonaceous shale, sideritic mudstone,
minor sandstone; bedded barite, stromatolitic
chert, rare intraformational breccia

massive laminated bedded pyrite, sideritic
siltstone, carbonaceous shale interbeds;
increasingly pyritic towards contact with ore;
bedded barite in Small Syncline

thin bedded to laminated, dolomitic siltstone,
:ﬂ:ll%ysmn& and carbonaceous shale; ankeritic
sideritic within 50 m of the Pyritic Unit
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Work completed

e 15 of 29 samples were analysed by optical and scanning electron
microscope (SEM) prior to LA-ICP-MS analyses

e Purpose: identify the general textural characteristics and mineralogy of
sample suite (i.e., petrographic characterization)

e All 29 samples were then analysed using LA-ICP-MS at CODES,
University of Tasmania

e Spot analyses only (15-25 spots per sample; 5 matrix spots per sample)
* 655 pyrite spots
e 145 matrix spots

e Purpose of matrix spots is to de-convolute pyrite signal from matrix

‘background’; most pyrite in these samples is very fine grained and intimately
intergrown with the rock matrix
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. Pyl (note internal ¢
_ Pyrltle 1a ’& 2 e

e

Sample Y9, optical microscope (5x objective);
SEM photographs on the right
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Pyrite 1a textural variations — framboids?

w v D i

4~ " * Detail of previous SEM
S photomicrograph

e Again, note pyrite 1
grains cemented by a
later pyrite generation

(pyrite 2)
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Pyrite 1b texture

e SEM photomicrograph of
pylb euhedra

* Note intricate internal
zonation

e Suggests repeated
growth events

e 1/

S0um !
UNIVERSITY of Sample Q13
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Pyrite 3 textural context

* Near-ore samples contain
large, inclusion-bearing
py3 euhedra

e Pyrite 1a also present in
these samples (see left
side of photomicrograph)

Sphalerite matrix

Sample H21
(Pyritic Unit) C@DES



Pyrite 3 textural context

UNIVERSITY of
TASMANIA

e Detail of py3 euhedra

* Note inclusions of
ore minerals
(sphalerite; galena)

e Also note the lack of
internal zonation
(compare to pylb)
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Results — LA-ICP-MS pyrite trace element
geochemistry

TASMANIA® CODES



. 2 L
Previous work P
 Mukherjee and Large (2017, OGR) S (7O X
studied pyrite trace element 1
chemistry from within and
proximal to the McArthur River N e
(HYC) SEDEX Zn-Pb deposit (e.g., ¢ Lz Vra 3
Leila Yard 1; Myrtle 4), as well as E v
pyrite from distal areas 2 -
(MBXDDO0O01) ”
* They identified several key element
ratios which provide distance-to- o
orebody constraints for HYC (see | a) |
figures at right) R e
UNIVERSITY of e |
TASMANIA ® Background sedimentary pyrite analyses (Large et al., 2014)

OHYC (McArthur River deposit) ore pyrite



Lady Loretta data — comparison with HYC
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Tl/Co vs. Zn/Ni: discussion

e Coincident enrichments in TlI/Co and Zn/Ni ratios are thought to be
indicative of ore zone and/or proximal SEDEX-style pyrite
e HYC ore zone pyrite has Tl/Co between 5-10; Zn/Ni between 103-104
e Pyrite from Lady Loretta has comparable values, with a few data points exceeding
Zn/Ni = 10* at Tl/Co ratios of ~10
e The negative Tl/Co vs. Zn/Ni trend in ore zone pyrite from Lady Loretta is
due to the fact that all ore zone analyses were conducted on Py3 rather
than Pyla-b or Py2, as for the rest of the sample suite
e Further analyses on Pyla in ore zone samples are planned

e Also, bear in mind that in the HYC study of Mukherjee and Large (2017),
the distal samples from MBXDDO001 were ~30 km away from HYC, whereas
our ‘distal’ Lady Loretta samples from LA64 and LA67 are a maximum of 5
km from the ore zone

UNIVERSITY of
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Lady Loretta data — comparison with HYC, cont.
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Zn-As-Tl vs. Ni-Mo: discussion

e As with the previous diagrams, pyrite from the Lady Loretta ore zone
plots close to the field defined by HYC ore pyrite from Mukherjee and
Large (2017)

e HYC ore pyrite: decrease in Ni and Mo toward ore zone; increase in Zn-As-T|

e Similar pattern at Lady Loretta; note high slope negative trend in Pyla from
the Pyritic Unit, which sits immediately below the ore zone

e Again, the degree of separation between the Lady Loretta distal
samples and ore zone samples on this diagram is not as great as for
the HYC samples, likely due to differing scales between the two
studies (30 km vs. 5 km)
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Lady Loretta conclusions

e LA-ICP-MS trace element analyses of pyrite-bearing samples from
within and around the Lady Loretta SEDEX Zn-Pb deposit reveal
consistent enrichment/depletion trends in certain key elements,
which are correlated with distance from the ore zone

e E.g., Zn increases toward the ore zone; Ni and Mo decrease toward the ore

zone
* This pattern is comparable to that defined for McArthur River (HYC)
by Mukherjee and Large (2017)

e Pyrite textures and paragenesis at Lady Loretta are similar to other
SEDEX-style systems of various ages around the world (e.g., Black
Butte, USA = ~1470 Ma)
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Future Work — NW Queensland

e Follow-up work on pyrite at Lady Loretta is warranted, but we will
hold off on this for the time being

* Ernest Henry is next in line for this project
e New EH drill core has recently arrived at GSQ’s core facility in town

e The first phase of work at Ernest Henry will focus on pyrite and magnetite
(poss. PhD project for magnetite?)

e Will consider second phase after first phase evaluation

TASMANIA” CODES



	Mineral Geochemistry Vectoring, NW Queensland
	Presentation outline
	Mineral geochemistry vectoring
	Why laser ablation?
	South Australia mineral geochemistry vectoring project
	Phase 3: Intercept Hill/Emmie Bluff
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	IHAD5-969.4m
	IHAD5-969.4m
	Slide Number 14
	IHAD2-820.1m
	Vectoring at Lady Loretta using LA-ICP-MS pyrite trace element geochemistry
	Sample location – Lady Loretta
	Lady Loretta geology
	Lady Loretta geology – local stratigraphy and samples
	Work completed
	Pyrite 1a & 2 
	Pyrite 1a textural variations – framboids?
	Pyrite 1b texture
	Pyrite 3 textural context
	Pyrite 3 textural context
	Results – LA-ICP-MS pyrite trace element geochemistry
	Previous work
	Lady Loretta data – comparison with HYC
	Tl/Co vs. Zn/Ni: discussion
	Lady Loretta data – comparison with HYC, cont.
	Zn-As-Tl vs. Ni-Mo: discussion
	Lady Loretta conclusions
	Future Work – NW Queensland 

