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* Provide awareness of previously developed targets
-  What was their basis?
- More broadly applicable?
« Consider limits to applicability
 What else could be done
» Potential to rank or consider your own areas
« To what extent do they agree or disagree?
« Target Types
- Empirical
- Conceptual
- Prospectivity



Geochemical Anomalies

95_percentile_Cu 99_Percentile_Cu Cu_Anomaly
Shapefile Shapefile Shapefile
Description Spatial Attributes Description Spatial Attributes Description Spatial Attributes
Keyweords

Keywords Keywords

. : : . Theme: exploration gecchemistry, roeckchip analyses, soil analyses, stream
Theme: exploration geochemistry, roeckchip analyses, soil analyses, stream - o T . ' . e . i i i i
p g TYs p yses, yses, sediment analyses, statistical appraisal, regional geochemical synthesis Theme: exploration geochemistry, rockchip analyses, soil analyses, stream

sediment analyses, statistical appraisal, regional geochemical synthesis ) sediment analyses, statistical appraisal, regional geochemical synthesis
i . Place: North-west Queensland, Australia
Place: North-west Queensland, Australia Place: North-west Queensland, Australia

Description
Abstract Description

Abstract

Description
Abstract

Thisz th depicts the 95 £11 1 £ 1 F This thems depicts the distribution of 29 percentile copper assay v
15 TNEmE cEpLers Ene i B el el ) ) L . . This theme depicts the distribution of copper anomalies defined statis
. . . This theme depicts the distribution of 99 percentile copper assay values

This theme depicts the 95 percentile copper assay values for all surface

o ! . . for all surface sample types within the study area that included soil, H H ek : ;
sample types within the study area that included soil, stream sediment t di t Pd ka hi I TI*‘: hemical dat di Th'S, theme depicts the distribution of copper anomalies defined
: : ; ot stream sediment and rock chip analyses. The geochemical data used in statistically as "Mean + 2 standard deviations greater than the 99
and rock chip analyses. The geochemical datz used in the statistical the statistical analysis were compiled from open-filed exploration tile" for 3ll surf le t ithin the stud that
analysis were compiled from open-filed exploration company reports company reports submitted to the Geological Survey of Queensland. percentile” Tor all surrace sample Types within the study area tha .
submitted to the Geological Survey of Queensland. The data are The data are heterogeneous with over 2000 analytical variables and included soil, stream sediment and rock chip analyses. The geochemical
heterogeneous with over 2000 analytical variables and data guality ars data quality are highly variable data used in the statistical analysis were compiled from open-filed
highly variable. ) exploration company reports submitted to the Geological Survey of
Queensland. The data are heterogeneous with over 2000 analytical
Purpose Purpose variables and data quality are highly variable.
To display the location of copper aurecle at the 99 percentile wvalu
To display the location of copper aureole at the 95 percentile value wh Purpose
) ) ) To display the location of copper aureole at the 99 percentile value
To display the location of copper aureole at the 95 percentile value which has been defined statistically within the study area for all surface To display the location of copper anomalies defined statistically with
which has been defined statistically within the study area for all surface sample types
sample types To display the location of copper anomalies defined statistically within
Supplementary Information the study area for all surface sample types
Supplementary Information
The data set is sourced from the Department's Exploration Geochemic Supplementary Information

The data set is sourced from the Department's Exploration Geochemistry

The data set is sourced from the Department's Exploration Geochemical The data set is sourced from the Department's Exploration Geochemistry

The data set is sourced from the Department's Exploration Database and exploration company reports submitted to the

Geochemistry and Drill Hole Da_tabase, which was comp|leq from Department The data set is sourced from the Department's Exploration
Queensland open-filed expleration company reports submitted to the . . . .
Department. Geochamistry and Drill Hole Database, which was compiled from

Queensland open-filed exploration company reports submitted to the
Department.
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Geophysical Anomalies o L

>10ppm U from Radiometrics

T P— - 99.5t percentile bouguer

|:| radmap_v3_2015_filtered_ppmu_gt10_esri_polygons

. onshore_geodetic_Complete_Bouguer_2016_QLDABC_S5kRES_99pt5_pctile_esri_polygons g ra V I ty h I g h

. Mag_Anom_2000nT_threshold_polygons

Magnetics RTP greater than
2000nT

Lots more could be done with this!!
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Mineral Occurrence Densities Wl =

Mineral Occurrence density

= O Mineral Occurrence Densities

B rsnlame/Cus/hu occunence denity « From GSQ Mineral Occurrence database
o - Classified according to the terms in that

= [0 Copper and Copper-Gold eccurence density data base
o 57 * 1km grid over entire inlier
Low: 0

O ol eceumence density « Counting number of deposits within a 5km
igh 036021 radius of each point

“Low: 0

= [ Silver-Lead-Zinc cccurrence density

Value
High : 0.407437

“Low: 0
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Interp Fault
Potential field data / Architecture

Solid Geol Cross Sections )m———p Modelling Major
Lithostrat & Intrusive

boundaries and Faults /
2D/3D Numerical
geophys Modelling
modelling
\ Y / \
: Spatial Analysis
Mineral Commodity Size —_
Deposits Groups Ranking i

Seismic data
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Pmd*CRC Conceptual — Lawn Hill
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(c) . .

Figure 29: Aeromagnetic fault-line intersections as scatterplots of (a) Minimum and Maximum Length,
(b) Minimum and Maximum Trend, and (c) spatial distribution of the population. See text for
discussion of colour coding. Century deposit highlighted as boxed symbal in each plot.

Figure 28: Intersection length-weighted image based on aeromagnetic fault-line interpretation
Warmer colours represent longer line intersections. Includes Proterozoic outcrop boundary ant

Century mine.
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Century region — supervised/unsupervised D Sr it

AUSTRALIA

Ore Geology Reviews 34 (2008) 399-427

Contents lists available at ScienceDirect

Ore Geology Reviews

journal homepage: www.elsevier.com/locate/oregeorev

Predictive modelling of prospectivity for Pb-Zn deposits in the Lawn Hill Region,
Queensland, Australia

Leonardo Feltrin *

Predictive Mineral Discovery Cooperative Research Centre, School of Earth and Environmental Sciences, James Cook University, Queensland, 4811, Australia
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SEDEX VEIN-STYLE

Knowledge-driven model T e

Data Integration OWA - Ranking
p—— Incremental Proportional
Pairwise 5 litholo / 7
3 . . gy - 0.5
Comparison Scoring Scoring BaiGe O MVYT MODEL

[0, 4.5 9)

Average %

Facies Distribution Froximity
to Faults
Lithology - 0.7

Faults- 0.3

Organic Content

‘ Secondary Permeability
o
10, 4.5,9) Proximity to Evaprites MFS SEDEX MODEL
and/or Dolamites {2nd order-3,

3rd order - 1.5)

\Pﬂn—q Permeabs. Primary Parmeab,

Score (SEDEX) Score (MVT)

Primary Permeahility

Total Score Total Score
T

|SEDEX) MVT)
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Qtz-San-Dalst 5 13 as 8.5
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© rens [ T . - | @ nPb-Ag

ccurrence Occurrence

Fig 8. Schematic diagram portraying different phases of expert-driven weighting. Initial phases involved development of numerical scores based on pairwise comparison of primary

DEI'IT]EA-L)”I[}' ufl:hffer_enl Iﬂlmlmgs l|1c|'eupeullal SCOTINE !s LITGEd ||1_41 second phase to account .Fnr t.l1e .nrga.mc [D!'l[El'l[. :.,emn.da!}' permeabu!uly uanalum. md. n_alalwe content of Fig 10. Maps of mineral potential derived from knowledge-driven modelling compared against known distribution of mineral occurrences, (a) SEDEX model shows that known

evaporites and dolomites. Proportional scoring uses a qualitative estimate (average %) of the spatial distribuion of lithofacies within each considered stratigraphic interval. The final deposits are localised within areas where less-permeable units are present. Favourability is dominated by lithological variation rather than fault control (note large 5 km fault

models (SEDEX, VS) consider also additional scores for occurrence of maximum flooding surfaces and proximity to faults (see text) buffering). The model is not restrictive therefore wide areas may have potential for SEDEX-type mineralisation in the region. However, if we consider the relationship to dusters of
small nnage de posits and Century, the prospedivity may be constrained to areas where a similar spatial association occurs (eg. the Kamarga Dome Area). This area records also
elevated lithostratigraphic potential. (b) VS model with equal weighting for faults and lithological control (1 km buffer chosen for faults ) Maost of the prospect/deposits ocour in the
northwestern part of the Lawn Hill Region. In contrast, the knowledge-driven model output for VS ore predicts the oocurrence of mineralisation in the southeastern part of the Lawn
Hill Region. This may be explained either as due to relative undiscovered sites in the favourable intervals or to local redistribution of syngenetic mineralisation that would justify the
linkage of VS deposits to Century-style mineralisation in less favourable areas.
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Data-driven model

0 Prospectivity 255
— ]

7940000

7930000
7940000
ZINC Stream sed.

7920000

7900000

' 1
Skm 0 Prospectivity 255 ! 7EI0000
)

G) Zn-Pb-Ag Dccurrence

260000
Fig 16. Output of data-driven modelling considering 11 layers (3 rejections) and missing information related to cover sediments (QT] — seeFig. 1a). (a) Data-driven model compared
against known mineral deposits/prospeds. Note the high potential along the Termite Range Fault, which was expected considering that clusters of known de posits are located in this

area, However, local highs (although with lower values) are found inthe Kamarga Dome area(see arrows ) (b) Enlargement of Century area showing comparison of high-probability
sites with geochemical stream sediment data (anomalies above 100 ppm of Zn content are indicated as closed polylines)

11 layers — not clearly specified
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DIFFERENCE

SEDEX Prospect(?)

L : .,'_Lawn Hill

gﬁﬁ Edith _|_

Mount Jennifer

& Phantom Hills

.. Century
“

=

Fig 17. Comparison of inte grated knowledge- and data-drive n models. {a) SEDEX model. (b) V8 model. Differe nce between the two total models is outined in{ c). The first two models
offer similar results although local differences (km-scale) can be used o discriminate on a probabilistic ground between areas of elevated mineral potential for SEDEX or VS
mineralisation. A potential SEDEX target is outlined because of its similar favourability values to the Century deposit
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DMQ Targets — 3 styles

1. Dep03|ts Hosted Within the Upper Staveley/Lower Kuridala Stratigraphy.
Rheological contrast between Calc-silicates, Roxmere Quartzite, and Kuridala schists seen as a focus for
deformation and exploited during mineralization in late D3.

. ‘Other’ rigid bodies at this stratigraphic position, e.g. SWAN Diorite, offer further rheological contrast and
focusses brecciation/secondary permeability and potential to host mineralization if within a fluid cell.

. Redox potential of Staveley in contact with overlying reduced rocks (Figure 5.2) inferred as an important
ingredient.

. Presence of ironstones yields discrete targets within this broader stratigraphic package.

. E.g. Osborne-Kulthor, Mt Elliott-SWAN, and Merlin-Mt Dore deposits.

2. Structural Juxtaposition of Staveley with Other (Reduced) Packages.
Likely to be evidently structurally-controlled/hosted
+  Greater potential expected where Staveley is in structural contact with reduced packages such as Answer
Slate/ Toole Creek Formation.
» Focussing relationship of early structural features, likely reactivated basement structures.
+ E.g. Starra line of deposits.

3. Deposits hosted in Overlying Sequences, but Related to

Staveley:Granite:Fault Association at Depth.
* Highly variable deposit-style possible.
» Deposits may be structurally-focussed or within broader breccia bodies.
* Intrusion of granite into the Staveley calcareous sequence inferred as driver for brecciation (CO2 release).
+ E.g. EH, Eloise
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WQMP Targets

North-West
Qul\%tehlrr! léenog Earth
Miners

ZIC1 E: 343610 Zinc-lead-silver: Sediment-hosted, Cover Sequence 2 accommodation Possible basin related to Gun Supersequence, Moondarra Not known <50m
N: 7585510 Isa-Century style (ransfer) zone, NE-trending. transtensional jog Siltstone
Transtensional segment of 1640Ma
. accommodation structure
Mineralising Event(s): Rating: A Rating: A Rating: B Rating: B Rating: A
1640, 1650Ma
ZIC2 E: 331370 Zinc-lead-silver: Sediment-hosted, Cover Sequence 2 accommodation Not known Isa Superbasin possible Gun Not known <100m
N: 75 Isa-Century style (transfer zone), NE-trending. Weak Supersequence and above
77350 transtensional segment of 1640Ma
accommodation structure
Mineralising Event(s): Rating: B Rafing: B Rating: B Rating: B Rating: B
[ 1640, 1650Ma
ZIC3 E: 342450 Zinc-lead-silver: Sediment-hosted, ENE-Wonga-age normal faults at Not known Isa Superbasin possibly Gun Not known 100-300m
N: 7552000 Isa-Century style intersection with 1640Ma Supersequence
s accommodation structure
e E] Mineralising Event(s): Rating: B Rating: B Rating: B Rafing: B Rating: B
1640, 1650Ma
ZIC4 E: 303990 Zinc-lead-silver: Sediment-hosted, Cover Sequence 2 transfer faultand | Not known Isa Superbasin, possibly Gun Not known 200-500m
B N: 7540060 Isa-Century style Wonga normal faults at intersection Supersequence
= with 1640Ma accommodation zone
Mineralising Event(s): Rating: B Rating: B Rating: B Rating: B Rating: C
1640, 1650Ma
ZIC5 E: 329630 Zinc-lead-silver: Sediment-hosted, Cover Sequence 2 transfer faultand | Notknown Isa Superbasin Gun Supersequence | Not known <50m Largely outcropping
N: 7630960 Isa-Century style Barramundi structure plus 1640Ma area
franstensional accommeodation zone
Mineralising Event(s): Rating: A Rating: B Rating: B Rating: C Rating: A
1640, 1650Ma
o ZICB E: 338950 Zinc-lead-silver: Sediment-hosted, Cover Sequence 2 fransfer zone at Steeply dipping Gun Sup q Stratabound pyrite and copper <50m Largely outcropping
N: 7675830 Isa-Century style intersection with 1640Ma occurrences area, south of
transtensional accommodation zone Mount Isa
Mineralising Event(s): Rating: A Rating: B Rating: B Rating: A Rating: A
1640, 1650Ma
ZICT E: 290880 Zinc-lead-silver: Sediment-hosted, Wonga normal fault at intersection with | Shallow dipping and plunging folded | Gun Supersequence Not known 50-100m
N: 7696220 Isa-Century style ?1640Ma accommodation zone succession
g Mineralising Event(s): Rating: C Rating: B Rating: B Rating: B Rating: A
1640, 1650Ma
ZIC8 E: 316510 Zinc-lead-silver: Sediment-hosted, Cover Sequence 2 transfer faultand | Steeply dipping, strong D2 deformation | Gun Supersequence Minor copper and uranium <50m
N: 7694770 Isa-Century style Wonga normal faults plus 1640Ma mineralisation
accommodation zone
Mineralising Event(s): Rating: A Rating: B Rating: B Rating: B Rating: A
1640, 1650Ma
. ZIC9 E: 340110 Zinc-lead-silver: Sediment-hosted, Folded Wonga normal faults and Moderately to steeply dipping, faulted | Thick Gun Supersequence, Urquhart | Hilton and George Fisher Zn-Pb-Ag <50m. Deeper targets? Current Mount Isa
y SRK consu,t'ng N: 7724480 Isa-Century style Caver Sequence 2 normal fault succession Shale. Carbonaceous and pyritic depaosits. Highly pyritic, dolomitic Zn-Pb-Ag mining;
intersecting 1640Ma transtensional lutites carbonaceous stratigraphy heavily explored to
uee ns an zone substantial depths
Mineralising Event(s): Rating: A Rating: B Rating: A Rating: A Rating: A
Government a =

i s

SESRIAJ

Department of
Mines and Energy

TABLE 11.1: ISA-CENTURY STYLE ZN-PB-AG TARGETS
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TARGET MODELS

&

STRATABOUND Zn-Pb-Ag: ISA-CENTURY-STYLES

TARGET CRITERIA

REGIONAL TECTONOSTRATIGRAPHIC MODEL

STRUCTURAL AND LITHOSTRATIGRAPHIC
LOCALISATION

==

Reactivated structures

E 1675 & 1740 Ma (CS3, Wonga)

1790 Ma (CS2)

=3 Hydrothemal fluid flow

Bl z7b minewmisation
Pyiitic sediments

El Carbonaceous lutites

- Sedimentary brecdia
- Medium-coarse clastics

Mineralisation:
Supersequences and
event(s)

Gun, Loretta, River, Wide;
- suprabasinal events 1660-1590Ma
- Isan D+

Tectonostratigraphic
domains

South Murphy, Lawn Hill, Mount Oxide-
Gunpowder, Mount Isa, Wonga Belt

Regional structural
settings

NNW trending zones active during above events
- reactivated Cover Seguence 3 (and ?Wonga)
accommodation systems:
sidewallsitransfer systems

at intersections with NW-, EW-, NE-, trending
basement fault systems
- reactivated earlier rift structures of
Cover Sequence 2, Wonga ages

Local structural settings

Associated with syn-sedimentation fault systems
- NS to EW orientations

Fault bound compartments exhibiting block tilting
and anomalous sedimentation

Host lithostratigraphic
settings

Sag phase sedimentary successions
- Cover Sequence 3, as above

Carbonate- and siliceous clastic packages
containing

- carbonaceous lutites

- interbedded with coarser clastics

Anomalous thickness distributions of these
sedimentary facies in fault-related sub-basins

ESSENTIAL
ELEMENTS

Brine, high SO3/H,S, 100-200°C
- evaporite source
- acid fluid (? clay-carbonate buffer)

= Ore deposition in infiltration zones
- interaction with kerogen, and/or mixing with
reduced fluids effecting thermochemical
sulphate reduction
- host rock carbonate dissolution and acid
neutralisation
- fluid cooling

Fault system — related fluid circulation system connecting
- fluid recharge zone
- faulted basement and basal sandstone aquifer
- fluid discharge fault zone

Fault system active/reactivated episodically during one
or more mineralizing events and sedimentation

Related foundering sedimentation compartments (sub-basins)
- accumulating organic-rich sediments and coarser clastics
- related to accommodation zones of fault systems

Fluid infiltration zones
- fed by discordant fault systems
- inorganic-rich sedimentary packages

Mineralisation
indicators

COS code 00025l

Abundant stratabound fine-grained
(diagenetic) pyrite

Ferroan carbonate alteration envelope
and stylo-laminated lutites

Zn and Pb anomalism — stratabound and
in early and late vein systems

EM conductors reflecting abundant sulphides
as well as carbonaceous metasediments

m
5
=
2

THE UNIVERSITY
OF QUEENSLAND

AUSTRALIA
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la=/
=
E TARGET MODELS
: STRATABOUND Ag-Pb-Zn: CANNINGTON-BROKEN HILL STYLES TARGET CRITERIA
TECTONIC SETTING: 1680Ma RIFT ZONE LITHOSTRATIGRAPHIC MODEL Mineralising event(s) | = Soldiers Cap rift (1690-1670Ma)
Rift
|| 1675Ma extension T Sidewall
M G52 Extanslon Tectonostratigraphic | = Eastern Fold Belt
domains
1‘ — Platform = Wonga Belt
S| Target
Rift normal Zzone L L L] Regional structural » Rift sidewall faults or transfer zones
faults 14 / i‘::% settings - NNW-trending
= at intersections with rift normal faults and/or
== reactivated basement structures
L - EW- to NW-trending
! Local structural = Mafic and/or felsic sills
. Rl Oy settings structurally/stratigraphically underlying
= D N target region
cs2 \ — ~1km
T mﬁfﬂ-g o Host lithostratigraphic | = Top-of-rift stratigraphy
“_Rift sidewall faults ] oo 02.% ° settings - upper Soldiers Cap unit SC2 - lower Sc3
e g — Ptaa ) < (subdued magnetics, psammite-dominated
¥ LR metasedimentary succession)
i vV .
1675Ma extension E v v v v v @®  Ag-Pb - Znmineralization « stratigraphically below more mature
8 o . <= (Ca-Fe - Mn metasediments siliciclastics: sag phase sediments,
Stratabound Ag - Pb - Zn mineralization m e . & Evaporites (Soldiers Cap unit SC3)
is interpreted to be localised by sedimentary
packages and hydrothermal systems controlled This model emphasises the importance of near rift top host stratigraphic packages,
by 1675Ma rift structures, and also reactivated contiguous platform evaporate-bearing successions and footwall sills.
fault systems
ESSENTIAL = Analogies with both VHMS and clastic sediment-hosted Zn-Pb-Ag systems Mineralisation * Ca-Mn-Fe rich metasediments
ELEMENTS = Late rift phase clastic sedimentation indicators - may Include BIFs
- near cessation of bimodal igneous activity = Siliceous metasedimentary package
- immediately prior to commencement of sag phase sedimentation - stratabound footwall alteration zone
= Contiguous evaporitic shelf succession, source of brines = associated, stratabound Pb-Zn anomalism
= Fault-related fluid circulation system, active during - eg gahnite-bearing metasediments
- host succession sedimentation
- igneous intrusion into rift succession
= Mineralisation: exhalative and/or subseafloor replacement of calcareous lithologies

Presentation Title | Date CRICOS code 00025B 18
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TARGET MODELS

METASEDIMENT-HOSTED COPPER: ISA-STYLE TARGET CRITERIA

61 HIV1d

Mineralising event(s) =|san D, deformation

TECTONOSTRATIGRAPHIC MODEL

Tectonostratigraphic = Mount Isa, Mount Oxide-Gunpowder,
/ domains Lawn Hill, South Murphy, North Murphy,
N Wonga Belt
NE-EW SHORTENING
Regional structural = Along broadly N-trending fault systems,
settings active during D,
- reactivated segments of earlier fault
systems

= atintersections of these with E-W, WNW
trending reactivated fault systems

= Fault juxtaposition of basement
metavolcanics and host metasediments

Local structural = Shallow plunging host metasediment —
seltings (metavolcanic) basement (fault) contact

=D ; fold-fault system

- subvertical extension
- faults subparallel to metasediment

s

stratigraphy

Host lithostratigraphic | = Cover Sequence 3 metasediments

settings - carbonaceous and preferably dolomitic
siltstones

- pyritic diagenetic facies or pyritic alteration
|sa copper style targets

and mineralisation = Mechanical confrasts in metasediment package
"Silica dolomite” = Greenschist facies metamorphic grade
Allerallon 2008 In Mineralisation = ‘Silica dolomite’: quartz-carbonate-
metavolcanics My s M .
indicators sulphide veining and alteration, D ; age
Carbonaceous and pyritic 18 .
~1km metasediments - related '®O depletion zone
Evaporiic sediments = Pyritic and Zn-Pb-Ag mineralization
Inferred fuid flow = Altered, demagnetized basement metavolcanics

= Cut Co, As anomalism

ESSENTIAL [« saline, H,S-poor, high SO2 /H,S fluids 200-400°C
ELEMENTS - path history involving evaporite environments and oxidised rock masses

= Syn-metamorphic, fault-related fluid circulation system
- connecting fluid source, oxidised rocks and host metasediments

= Strongly reducing and reactive, low grade metamorphosed sedimentary host succession

= Dilational zones in these metasediments

Presentation Title | Date 19
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TARGET MODELS

&

STRATABOUND Zn-Pb-Ag: ISA-CENTURY-STYLES

TARGET CRITERIA

REGIONAL TECTONOSTRATIGRAPHIC MODEL

STRUCTURAL AND LITHOSTRATIGRAPHIC
LOCALISATION

==

Reactivated structures

E 1675 & 1740 Ma (CS3, Wonga)

1790 Ma (CS2)

=3 Hydrothemal fluid flow

Bl z7b minewmisation
Pyiitic sediments

El Carbonaceous lutites

- Sedimentary brecdia
- Medium-coarse clastics

Mineralisation:
Supersequences and
event(s)

Gun, Loretta, River, Wide;
- suprabasinal events 1660-1590Ma
- Isan D+

Tectonostratigraphic
domains

South Murphy, Lawn Hill, Mount Oxide-
Gunpowder, Mount Isa, Wonga Belt

Regional structural
settings

NNW trending zones active during above events
- reactivated Cover Seguence 3 (and ?Wonga)
accommodation systems:
sidewallsitransfer systems

at intersections with NW-, EW-, NE-, trending
basement fault systems
- reactivated earlier rift structures of
Cover Sequence 2, Wonga ages

Local structural settings

Associated with syn-sedimentation fault systems
- NS to EW orientations

Fault bound compartments exhibiting block tilting
and anomalous sedimentation

Host lithostratigraphic
settings

Sag phase sedimentary successions
- Cover Sequence 3, as above

Carbonate- and siliceous clastic packages
containing

- carbonaceous lutites

- interbedded with coarser clastics

Anomalous thickness distributions of these
sedimentary facies in fault-related sub-basins

ESSENTIAL
ELEMENTS

Brine, high SO3/H,S, 100-200°C
- evaporite source
- acid fluid (? clay-carbonate buffer)

= Ore deposition in infiltration zones
- interaction with kerogen, and/or mixing with
reduced fluids effecting thermochemical
sulphate reduction
- host rock carbonate dissolution and acid
neutralisation
- fluid cooling

Fault system — related fluid circulation system connecting
- fluid recharge zone
- faulted basement and basal sandstone aquifer
- fluid discharge fault zone

Fault system active/reactivated episodically during one
or more mineralizing events and sedimentation

Related foundering sedimentation compartments (sub-basins)
- accumulating organic-rich sediments and coarser clastics
- related to accommodation zones of fault systems

Fluid infiltration zones
- fed by discordant fault systems
- inorganic-rich sedimentary packages

Mineralisation
indicators

COS code 00025l

Abundant stratabound fine-grained
(diagenetic) pyrite

Ferroan carbonate alteration envelope
and stylo-laminated lutites

Zn and Pb anomalism — stratabound and
in early and late vein systems

EM conductors reflecting abundant sulphides
as well as carbonaceous metasediments

m
5
=
2
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; TARGET MODELS

=

E IRON OXIDE-COPPER-GOLD SYSTEMS TARGET CRITERIA

) - magnetite-rich (eg Ernest Henry)

— - hematitic (eg Selwyn; Olympic Dam) Mineralising event(s) = Williams—Naraka magmatism (1500-1520Ma)
- reduced styles (eg Eloise, Mount Roseby) = Wonga magmatism (~1740Ma)

The structural and lithological settings of Cu-Au targets Tectonostratigraphic | = Eastern Fold Belt

T |domains = Wonga Belt
il Regional structural | = Roof zones of Williams and Wonga-age plutons
Iron oxide Cu-Au systems: pluton roof zones settings » Fault-fold systems reactivated during and after
pluton emplacement
Starra styles
hematitic
s £ Locf'al structural = Wonga age:
S b seftings - fault jogs, intersections in upper plate fault
systems
E"‘::'ﬂ:"ﬂ - dilatant irregularities in extensional
FagnetteTich detachment
= Williams age:
X - reverse thrust-faulted, antiformal zones
” Skarns
» Magnetite alteration related to these structures
Pluton-hosted ™| —
Host lithostratigraphic | * Feldspathic potential hosts (volcanics, sills,
N L seftings pluton tops) in more ductile metasediment
: Granitoid intrusions @  Copper-Gold deposit settings envelope
bed Tremalavedte — =7 Keyshuctural zones = Carbonaceous metasedimentary packages
[ ] Countrymcks (reduced styles)
B curumineriisation Brecda = Frectresystems = Pre-existing magnetite-rich zones (hematitic
Magmatic hydrothermal fluid styles)
Magnetie rich alteration I:l Hematite overprint t
A Circulated fluids
ESSENTIAL = High temperature, relatively oxidised felsic magmatism Mineralisation * Magnetite-bearing alteration systems and their
ELEMENTS indicators less magnetic extensions

Pluton roof zones, above pluton margins and cupolas R i

= Potassic (biotite-K-feldspar) wall rock alteration
contemporaneous with hydrothermal
carbonate + magnetite-rich infill

* Structures active during pluton emplacement and cooling

- pluton accommodation and reactivated fault-fold systems
= Spatially and temporally related, medium-to-high temperature metasomatic zones, commonly magnetite-rich
= Dilatant zones related to

- fault/fold systems

- major lithological/mechanical contrasts

= Hematitic overprint on hydrothermal magnetite
= Copper-gold (t U, As)

* Intruded successions:
- preferably with evaporitic components (input to hematitic mineralisation styles)
- carbonaceous metasediments for more reduced styles

T
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GSQ Quamby Project 0 S

AUSTRALIA

Queensland Minerals and Energy Review Series

3D mineral potential

of the Quamby area Regional 3D Mineral Potential
Modelling using Geology and
Geophysics

Matthew Greenwood
Courteney Dhnaram

Greenfields Prospectivity Unit
Geological Survey of Queensland
Department of Natural Resources and Mines

Great state. Great opportunity.

Great state. Great opportunity. Queensland
Government
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GSQ Quamby Projec

* 3D Lithology

* Surfaces

Surface modelling

representing base
of lithological
packages built in
GOCAD/SKUA from:

— Seismic B e — — ]

— Cross-sections |
— Mapping
— Potential Fields

Great state. Great opportunity.

Potential Field Inversio

Discretised voxet populated with available PO
physical properties (density and magnetic
susceptibility) collected in field, calculated in
laboratory or from literature.

Homogenous Property Inversion of magnetic
and gravity data to optimise values of properties

Resultant optimised magnetic and gravity
distributions subjected to Heterogeneous
Property Inversion.

Local anomalies, where model can’t account for
observed response, may represent alteration
along fluid pathways, concentrations of dense
and/or magnetic rock (Ore?) etc...

Great state. Great opportunity.

Presentation Title | Date

ns

Queensland
Government

Q d
Govemment

Great state. Great opportunity.

3D Magnetic Susceptibility Model

Final 3D magnetic susceptibility model result of several generations of
iterative inversion. Constrained by geological model and the set magnetic
susceptibility range of the units

Standard déVisti @3 Magnetia S usceptigitytio Sdeice ptibility

Quec
Govemment

3D Dénsnty model

Final 3D density model result of several generations of iterative inversion
Constrained by geological model and the set density range of the units

Stapgesd3ie\datens foMeMeRHUNKRNDIan siRpd —
Great state. Great opportunity. Hig i ha 0 GIIBEHRSty. Blue — Lower than expected.)

Queensland
Govemment

THE UNIVERSITY
OF QUEENSLAND

AUSTRALIA

3D Weights of Evidence (WoE) Targeting

* Statistical evaluation of spatial relationships between
known mineral occurrences and other spatial datasets
(evidential properties/exploration criteria such as rock
type, structure, geochemistry) = used to define
mineral potential probabilities

* Mineral systems analysis and literature review
undertaken as part of NWQMEP study identified
exploration criteria believed to be associated with
Copper and/or Gold mineralisation in area.

* Exploration criteria represented in the Common Earth
model in GoCAD as continuous or discrete variables
(evidential properties)

* GoCAD Targeting workflow used to assess the
correlation of these evidential properties with known
mineralisation (training data).

Great state. Great opportunity. =
e
Sovemment

¢ WoE modelling completed on top

25 km of model _ 3.73 -0.75 4.48 8.65
_ 3.78 -0.62 4.40 8.51

_ 1.38 032 1.70 3.10

+ Different exploration criteria, e - 5
contrast and cut-off values across _ 047 056 103 187
the geological domains due to I - 3.01
different mineralisation styles, _ 165-043 208 3.95
expected targets and depth of _ 054039 094 181
cover. _ 1.74 -035 2.09 3.81

*  WoE models completed for two main domains, Canobie in centre of
model and Mary Kathleen in west of model to find favourable mineral
potential locations in each.

» Tested 23 evidential properties (including some combinations/variations:
Inverted density/Mag Susc, variation from mean/ median of unit, number of standard deviations from unit mea
UITh, U¥Th

Great state. Great opportunity. - A
Govement
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GSQ Quamby Project

Cormorant

_ 1 ; O
/_,/ e . c N\
— P [ . -
(O] — e . “ .
-8 Table 7: Statistically significant exploration criteria, associated weights and cut-off _ - ) 5 ) Ernest Henry
values used for the Weights-of-Evidence modelling within the Constantine Domain i e ‘.’.
= Middle Creek By
5 Weights Favourable Range Jessievale
Ll_ Exploration Criteria w W- Contrast Stud. Range Range
Contrast Start End ;
Au_Geochem 3.726 0.748 4475 8.647 100 89.45 \ ‘\
Cu_Geochem 3.785 0618 4403 8.507 100 94 O \ |V\/ Ann
Curvature 1.382 -0.318 1.701 3.105 5x102 4x10°* \ M
Density_dev 1.525 -0.522 2.046 3.954 0.247 0.055 N\ v
Dist_Will_Gran 0467 | -0.558 1.025 1.872 0m 3314m A __\ E1 Cam p /
Fault_Distance 0.889 -2.224 3.113 3.008 Om 2192m \\\-\ MOU nt Ma rg ret
MS_no_of_std_dev_ABS 1652 | 0.4 2083 3.053 27 1.420 N k\-._ Federal e
\\ B /'
Geol_Complex_552 0.544 -0.392 0.935 1.807 1.218 0.0132 W\ G
Rad_UdivTh 1.742 -0.345 2.087 3.810 1.380 0.248 A\ _\ -
N\ .
_8 \\ Great Australia
= N\ - g
— NN Rocklands
Q i
2 e
2 E— —— T —
3 .
o Great state. Great opportunity. =)
Queenslan
Government
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AUSTRALIA

Table 9: Weights, contrast values and favourable ranges for each of the evidential properties used to
compute the complete mineral potential model. 5.Contrast = studentised contrast = C/stdC). Top three

properties ranked by studentised contrast are in bold.

Favourable | Favourable
Exploration Criteri W+ |W e range - range - end
*ploration Lriteria B trast | Contrast s s
start
Coincident_GravityHigh_Magneti 2929 | 020 | 2.49 590 0.810 0.246
cHigh ’ ’ ’ ’ ' |
Distance_CSharp_|ISO_Gt35 2.88 | -091 | 3.79 11.09 Om 300m
Distance_CrustalFaults 074 | 032 | 1.06 312 Om 964m
Dlstance_MtDore_l:_auItModeI_Su 112 | 029 | 142 4.00 om 921m
rface_intersectingMafics
Fault_Roughness 279 | 017 | 297 6.63 0 0.00015
GEOICUmplex_552_m0ving_aver 180 035 715 609 0107 0.0198
age_filter
Normalised_Susceptibility 325 | 014 | 3.39 7.03 0.372 0.0885
Regio“a'_fie'}?:ggn;‘;ﬁe'—“Psca'e 300 | 008 | 308 | 5.11 0.426 0.32 P St st
Uranium_divided_Thorium 212 | 058 | 270 8.10 1.289 0.274 i
dist_Geochem_mergel:l_AuGﬂ 516 -0.29 5.45 1415 om 304m Figure 62. Mineral potential index for the complete model, displayed in log-scale on depth orientation
50 ' ) ) ) lane through the 3D grid. 5x vertical exaggeration applied.
P g g 2g PP
dist_Geochem_merged_CuGt2 | 573 | 075 | 6.47 | 19.35 om 250.7m
000
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Mira Geoscience Mt Dore

THE UNIVERSITY
OF QUEENSLAND
AUSTRALIA

Table 10: Weights and contrast values for each of the evidential properties used to compute the

undercover mineral potential model. S.Contrast = studentised contrast = C/stdC).

Exploration Criteria W+ | W- Contrast | S. Contrast
Coincident_GravityHigh_MagneticHigh 229 | -020 249 590
Distance_CrustalFaults 0.74 | -0.32 1.06 312
Distance_MtDore_FaultModel_Surface_intersec | 142 | _p.29 142 400
tingMafics

Fault_Roughness 279 | 017 2.97 6.63
Normalised_Susceptibility 325 | -014 339 703
Regional_density_model_upscaled_TopoMask 3.00 | -0.08 3.08 511
Uranium_divided_Thorium 212 | -0.58 270 810

Presentation Title | Date

Comidor of interest
under cover.

Wineral Fanoursilby_Lrder_cover_model
1 Lo 0.001 .0

Figure 64. Mineral potential result for the undercover model, displayed in log-scale on depth orientation

plane through the 3D grid. 5x vertical exaggeration applied.

CRICOS code 00025B 26



Pmd*CRC i2 Prospectivity [

Presentation Title | Date

O
I\
CRC New Perspectives on pmd*crc

Cu-Au * Fe-oxide deposits,
Mt Isa, Northwest Queensland.

Roger Mustard, Damien Foster, Thomas Blenkinsop, Cathy McKeagney, Cameron
Huddleston-Holmes.

pmdCRC & Economic Geology Research Unit, James Cook University, Townsville, Australia

~ Kenex Knowledge Systems Ltd 5/2/¢/9 Maplnfo Spatial Data Modeller

1

= T ==1
b T S m
" OF INTERNATIONAL

THE UNIVERSITY OF 1R O GEOSCIENCE
WESTERN AUSTRALIA MELBOURNE CSIRO AUSTRALIA
CRICOS code 00025B 27



Pmd*CRC i2 Prospectivity — 12 layer

Predictive Mllinaral £/f'scu'/-;~fy

Ranking of Ingredients

Pradiciiva [flinzral tliscoy ary

Ernest Henry — Cloncurry Region

pmd*CRC 12 Layer Model pmd*CRC
Rankin Key Ingredient Contrast | Confidence ]\ %R by
g y Ing @Mghty‘ﬁ\tom
1 Copper in rockchips (>249 ppm Cu) 2.50 36.31 b ' A0
2 Gold in rockchips (>0.11ppm Au) 2.38 26.45 : ,
3 Corella-Soldiers Cap Contact (750m buffer) 1.87 13.98 ‘ A -b 8 (iac g _.O_ b
IO Mou_@ Metallic* f ?
4 Aeromagnetics (magnetic highs) 1.82 14.36 o : AL
i . @Magnet
5 N-S and ENE faults (650m buffer) 1.45 17.20 . i P --'@{Refefee o b i
7 | @ ’
6 Mafic Intrusives (750m buffer) 1.25 7.47 . L1 % Osghem'anoG'r' . ;
{ 4L WER . Native, Companion 5\OMouhth'argar;etz
7 Lithologies (dominantly Cover Sequence 3) 1.21 5.09 B _ ‘ )5 . AT 3 4 : Emest Henry ’
8 Gravity (Gradients) 1.03 15.91 . ., . -.@\Lit,tlé.Bea,utyFe Lo » @/h‘/lonakpff
9 Bends on N-S and ENE faults 1.03 2.33 : TR ko O Ahge o gy mggllrlic -
_ 2= L gl prels LBchum o T £ *Eagle Hawk
10 Metamorphic Grade (Amphibolite Facies) 0.98 7.85 - : % PRy So T Rt S ita
) ) a4 el ' o OMQ_UN Colint - O Vugs For Luck
" Radiometrics (U/Th) 0.83 4.46 DBJUE P i [ DLakeview = Tt OBrilliant;
Williams and Naruku batholiths (4km buffer) 0.64 3.36 ; '
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Pmd*CRC 12 Prospectivity — 9 layer

THE UNIVERSITY
OF QUEENSLAND
AUSTRALIA

Predictive Mllinaral £/f'scu'/-;~fy Prediciive (flineral lisco VEY

Ranking of Ingredients Expert versus Data Driven

* 9 Layer Model, Ernest Henry — Cloncurry Region
pm
o ) Dinkum D|gger
Ranking | Key Ingredient Contrast | Confidence % {%TWO Macs
X Copper in rockchips (>249 ppm Cu) 2.50 36.31 Lo @Bobby Dazzler s |
oy 3 3

x Gold in rockchips (>0.11ppm Au) 2.38 26.45 o 2 Y

3 Corella-Soldiers Cap Contact (750m buffer) 1.87 13.98 \ QWe_?teg : Little Eva § e \

4 Aeromagnetics (magnetic highs) 1.82 14.36 IJ @ %Gem 3 @' ;\%} AN

5 N-S and ENE faults (650m buffer) 1.45 17.20 ! Cﬁ?_Reféeree J N . @ { \

e .
6 Mafic Intrusives (750m buffer) 1.25 7.47 - OOT% ‘Volga @ - g L
. . . Nl 3 @\ Mount Margaret

7 Lithologies (dominantly Cover Sequence 3) 1.21 5.09 1 77 il > } Ernest Henry,

8 Gravity (Gradients) 1.03 15.91 f\ ' @ Monakoft ‘

OlLittle Beauty 2 | o
9 Bends on N-S and ENE faults 1.03 2.33 5 ) . Fairfield A
b- g
10 | Metamorphic Grade (Amphibolite Facies) 0.98 7.85 Jar = % & Q@‘if, ¢ PR et
: ey
X Radiometrics (U/Th) 0.83 4.46 “Blue Bird ) @ £ S Mugs For Lucks
- @ /‘/ > Pl O OBilliant 7

12 Williams and Naruku batholiths (4km buffer) 0.64 3.36 i it ‘
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GMEX Geomechanical models

Advanced Understanding of Structural and Geochemical
Controls on Mineralisation in the Eastern Mt Isa Inlier

Using Innovative Techniques for Exploration
A GSQ funded Industry Priorities Initiative

‘? queensland

« exploration
Q\* council

Queensland
Government

A New Approach to Understanding Deformation and Mineralisation
‘A Critical Tool in the Exploration Process’

John McLellan

GMEX MBC

Presentation Title | Date

THE UNIVERSITY
OF QUEENSLAND
AUSTRALIA

GMEXG®Y  |MBC

| <OOI]

A

Dr John McLellan Mr Mat Brown Dr Nick Oliver
Managing Director & Principal Geoscientist Principal Geoscience Consultant Principal & Director
GMEX (Geological Modelling for Exploration) MBC (Mat Brown Consulting) HCOV Global

john@gmex.com.au geology@matbrownconsulting.com.au nickoliver@hcovglobal.com

GSQ Industry Priorities Initiative
Final Report July 2016

Advanced Understanding of Structural and Geochemical
Controls on Mineralisation in the Eastern Mt Isa Inlier
Using Innovative Techniques for Exploration
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GMEX Geomechanical models

4
T (Pa)

unrecoverable

plastic strain

| recoverable
elastic strain

Friction angle

Cohesion
value

Given specific criteria e.g. rock properties, failure criteria, fluid

pressures, we can deduce when a rock will fail in either

b)
c)

Extensional shear
Extension

>

AN
> &N (Pa)
Tensile strength 63 o 62 61
€
Fluid Pressure Increase
Tension | Compression .
- r Hi I &
GMEX C '\ M\C /.\ WWW.gmex.com.au .
' A v 10 GM Ex : } -
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Eastern Mt Isa Block—Modelling Scales

* Structurally controlled mineralisation

* Fault controlled system with competency contrasts

* Aim: to identify the most favourable areas of deformation loci

Three scales of interest:

1. Large Scale Regional Modelling (~43,000 km?) 15x100k map sheets

2. Medium Scale Regional Modelling (~ 17,000 km?) 6 x 100k map sheets
3. Small Scale Local Modelling (between 0-25 km?)

MBC| A§

wWww.gmex.com.au

CRICOS code 00025B
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GMEX Geomechanical models

Modelling outputs as Predictor Maps

Predictor Maps have been generated using IOGAS. These are based on the geomechanics and highlight
areas most likely to fail based on material parameters and fluid pressures

275,000,000 A @ Failure unlikely
e ® ° g © @ Moderate failure potential
250,000,000 & o ® Close to shear
225 000000 5 @ Close to extensional shear
e r @ Close to tensile faiure
& 200,000,000 1<% @ Sheoy folkre
i Q @ Extensional shear failure
& 175,000,000 = @ Tensie faiure
P_-I_ — Really tensile brecca zone
B 150,000,000 "O‘E Shape
o 8 A granite
O 125,000,000 by 4 @ metasedments
e ©
"G 100,000,000 o 1
=] o -
iL  75.000.000 = 2
@
50,000,000 ®
" ®e o o
o § . @
25,000,000 - S 7 3 e _r 20 Ru o %y ot ot
0&, #e°% o & ®
. 5
0 50,000,000 100,000,000 150,000,000 200,000,000 250,000,000 300,000,000 350,000

Deformation factor (o , Pa)

www.gmex.com.au

GMEX > |pMBCl A

€
<O0OXI

28
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Eastern Succession exercise )

Available target layers
- Empirical
 Geochem/Geophys/Occurrence anomalies
- Conceptual
« NWQMP, DMQ Conceptual
- Prospectivity/modelling
e Pmd*CRC, Quamby, Mt Dore, Geomechanical

Find 3 prospect-scale areas that have some support from each of the above
categories

Why did you pick them and what would you do next?
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14 Lawn Hill model Rt

@ viewer Workflows Data Results ar

S ahe L
AR

VOlIsurfacefgrid  Digitize /Edit  Display Elements

Display Elements g x
oo
(1~ &7 Objects 3 U ox
Name Type

&Y Unassigned Objects B X
Mame | Domain ~

Curve

Surface

£ 14_All_Faults™ Depth
& ALL_1_Cambrian Depth
& ALL1SNG Depth
&5 ALL 3 Base PMH3* Depth
& ALL 4 Base_Termite Depth
& Al 5 Base_Shady_Bore*  Depth
& ALL 6 _Base_Torpedo Depth
A AL 7 Base Biggie Depth
& AL 8 Leichhardt™ Depth
£ AL 9 Webeera Granite  Depth
£ LH_Archie Depth
£ LH_F_16_Mile Depth
&5 LH_F_Archie Depth
& LH_F_Calvert Depth
£ LH_F Egilabria* Depth
&5 LH_F_Elizabeth_Chk* Depth
£ LH_F Firey_Ck Depth
&5 LH_F_Fish_River Depth
£ |H_F_Gorge Ck™ Depth
£ LH_F Gorge Ck 2 Depth
£ LH_F_Gregory_River Depth
£ LH_F Hedleys Ck Depth
£ LH_F Lagoon Depth
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G14 surfaces modelled
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PROTEROZOIC TIME-SPACE CHART, 2017
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Tectonics-Metamorphism
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https://nwmp-data.s3-ap-southeast-2.amazonaws.com/NWMP+Timeslices.zip

https://nwmp-data.s3-ap-southeast-2.amazonaws.com/NWMP Timeslices MI.zip
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Lawn Hill area exercise 0 e

Pick three areas which meet the following criteria
- Isa/Century host rocks with 1000m of surface
- One other characteristic which provides support, eg

* Previously targeted

e Structural Justification

e Stratigraphic justification (eg thickness change)
 Empirical support

Why did you pick them and what would you do next?
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Thank you

Prof Rick Valenta | Director

WH Bryan Mining and Geology Research Centre
Sustainable Minerals Institute
r.valenta@ug.edu.au

www.smi.ug.edu.au

n facebook.com/ugsmi
u twitter.com/smi_uq

m linkedin/school/sustainable-minerals-institute
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