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1. Laznicka (1999)

« >250t gold (> 8 Moz)
geologic reserves
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« Charters Towers only
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Tonnage Accumulation Index

Charters Towers Production v Gold Supergiants




« 500t Gold (Production + Resources?)

* Lithospheric controls: rapid crust growth, thin mafic
lithosphere (source, heat), crustal plumbing, traps

Large base metal rich Sub-Class of Orogenic gold deposits
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2. Bierlein et al (2006)

location

* thin sub continental
lithospheric mantle at time of gold
Plume impact/ Delamination Erosion Subduction/

sibdiction of mantle of mantle rollback mineralisation

(e.g., Alaskan lithosphere lithosphere (e.g., western
Cordillera) (e.g., North Lachlan Orogen)
China Craton)

— P e primitive oceanic crust source
S Extension, enriched in Au & S

L - high heat flux from the mantle

) e AR to sustain crustal devolatilisation
r B hNnap iote Asthenosphere

il Rl upweling and melting.

100-200 km

= Accreted/stable ] Syn- to post- | Lithospheric .
60-100 km continental crust gold granitoids ! mantle ° | arg es Cal e fl ul d rel ease

| Oceanic crust P Mantle plume [ | Asthenosphere

==, Formation & endowment related to lithosphere-scale processes;
specific pre-mineralisation tectonic history of terrane critical!

®Au Orogenic
— gold deposit from Bierle 1. (2006)

e crustal scale structures



Charters Towers: Continental Margin

Middle Silurian 425 Ma

e continental margin
location

Late Proterozoic 650 Ma

Ancient Lanamass @9
Modern Landmazs (D

Subguction Zone (trisrgles point in the
direction of wbdustion) 4 /

Florida

rsmm e
Sea Fioor Spreading Ridge 0

http://rovicky.files.wordpress.com/2009/11/4251.jpg

Short pre-mineralisation
crustal hisory?

Rapid growth of
continental crust?

Moder Landmass (2

Subduction Zone (nmp-pumnun/
drection of sidduction) 47

——
Sea Floor Spreading Ridge 1 http://www.physci.wsc.ma.edu/young/hgeol/geoinfo/timeline/rodinia/esm.html



Sm-Nd isotopic data model ages

(Henson et al 2000) Source and channelways?

Formation of juvenile crust? Au
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Single district wide ~406Ma
gold event

Large scale fluid release
Gold at margins of gravity lows
Possible extension under cover

{0 west
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fractures, fluid focus?

7750000 m N

300000 m E

450000 m E

approximate limit ___
of outcrop

. <0000 m E

400000 m\E

T
.‘." Ty
e -
’ p
i -
- L
_ F 3
= \;\:
‘ : ACE k< ¥
= a‘-' g




Charters Towers — Ravenswood

Lineament (Mosgardies) \
— |
, O N \ CTAEARNT
Charters Towers & DR 3, e\ s e N B

>3Moz gold deposits

Hosted in fractured
central Ravenswood
Batholith

Gold assoc with

of crustal
compression from N
to NE

Ore formed between
5 & 15km depth

e
( it
. Seigra B0 SO \Eajmgo
Map source: Qld Mines & Energy _— . -;3\‘._\;\\ -
Airborne magnetic and radiometric RN

images 2009



Repeated >3 M 0z
gold events

AU enriched source
rocks

Mafic underplating
model heat

*Alternative Is crustal
thickening heat

* high heat flux from the
mantle to sustain crustal
devolatilisation and melting.

Based on B Davies, 1995, Normandy NEQ Tectonic Project Fig. 11

~400 Ma ~345Ma ~300 Ma

SCHEMATIC TECTONO-THERMAL E /JOLUTION OF N.E. QUEENSLAND

ﬁ

Ravenswood *
i? Mt Leyshon
> paingo 57 Cycle 6

Charters Towers * Cycle 5

Drummond
Cycle 4 Basin
Cycle 3

Cycle 2

o
300 Ma underplate

Cycle 1 Balcoona- Q
Windsor
ARC-BACKARC
System 420 Ma underplate

< R

300

Main mineralizing events
Thermal event * 9

Based on B. Davies Normandy 1994 LEGEND Th
rusting

—_ Basin formation
Cycle 2 Basin development cycle



2010 Interpretation:

U=iblEemhh.— green
Magn = black

405-409Ma zoned
granodiorites south of

Charters Towers (Hutton &
Rienks, 1997)

High Th Broughton River
Granodiorite (West)

Deane Granodiorite with
trondjhemite core (East).

Formed by crustal melting
not fractionation.

Main 400-405Ma gold
bearing in NW (orange).
Grid = 10km



Since 2010:
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425,000 mE

Broughton and
Deane Granodiorites
dating now
corrected

From 406 - 411 Ma to
429-431 Ma (Beams
et al 2016).

Now ~ 25 Ma older
than the gold
mineralisation.



Extensive ~400Ma reefs cut
granites, mafics &
metamorphics

Source: Geol. Survey of Q

Pre-ore dyke swarm and
pegmatite-aplites

Main workings over ~5 sq.km.

Zoned sericitic to propylitic
alteration

NOT standard Orogenic gold
— High S, Fe, Pb, Zn, +/-Cu
— High salinity Ca brines
— Lack of CO, inclusions
— |-type granite main host.

Major host brittle 425 Ma
Millchester Creek Tonalite.
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Top of shafts

Brilliant —
Victoria

Cross Veins

Sunburst Project Sublease
Looking down plunge to the North East

Oblique 3D view
of eastern lodes
looking down
plunge (2 km
strike)

Good continuity
of large planar
sheet-like lode
structures



» kilometre scale planar lodes on which oreshoots repeat
 E-W & NNW parallel structures through district







Shallow dipping (20°-
50°) pyritic quartz reefs

Width av. 0.1 to 1.2m
(max. 15m)

Within sericitic
hydrothermal alteration
Mostly granite hosted

Single phase gold
mineralisation




 Reactivation of old fractures
with N and ENE dip

« Channelways are trap sites

— Reverse faulting gave
dilation

— 20%-50% payability on
lodes

« Narrow quartz vein ore
— Shear hosted ore rare W
— ~1:1 Au:Ag (Ag in galena) SE®



Charters Towers:
Other Styles

« 1. Shear hosted
— Stockholm W1

[

« 2. Sheeted quartzg‘
veins

— e.g. DDH BD4, 1250m

« 3. Metamorphic
hosted

— Great Britain

4. Alluvials




Mined to 300 to max.~900m v.d.
~20% to >50% of fissures stoped

Oreshoots 200-700m long (max.
1.6km) 70-200m wide

Repeated at 200->300m intervals

Subtle structural control on
shallower dipping sections
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Section 424,000E - C5 Birilliant East

| B
DD81QF5

Inferred Resource (red)

e Sparse current drilling
pattern

7780000

« 20% to 50% payabllity on
lodes




Fine gold with galena and late
guartz in fractured pyrite

Coarser gold on pyrite /
sphalerite contacts

~90% of gold in and on pyrite

~70% of the gold is on fine
fractures in pyrite

efficient chemisorption
deposition process likely

historic visual grade

control based on gold
correlation with sulphides

Stockholm Mine ore

Photos: Oliver Kreuzer



Charters Towers: Paragenesis

Pal‘ageneSIS (Roger Taylor):

1. early barren white
guartz reef

2. In-reef refracturing
with grey quartz +/-
pyrite deposition

3. refracturing with
galena-Au and T
sphalerite +/- quartz & 5«
deposition e it

4. refracturing with
carbonate +/- quartz
deposition.




M 12096

0.40

0.32

107,/02/27

774930 N

« Shear/fracture control on high-
grade pyritic and quartz reef ore



CV2 Stope, 890 Level
85% Nuggetl Effect




O CT5010,1.9m ETW
| @ 8.8 g/t Au

* Drill hole grade
distribution is highly

skewed

< — Most hits are lower grade

than the mean

HE * Requires delineation by

| Drillhole grade | — Close spaced drilling

609, at 20,6 g ton

" Stopegrade | — On-lode development

R - Drill for structure; Drive for
grade.

>
o
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Value scale



RTP Aero
lodes, resource target
blocks

—

e 2010 Inferred Resources
were 10 Moz gold 23 Mt @

14 g/t Au (yellow outlines on
geology map to left)

» 50 strike-km of lodes
mostly undrilled or not
tested at depth.



. -
« DDH CT 5000 in 2008

* In different hosts >1km from mines
 extended known reefs to ~2,000m

w00 CTH5000
0.2m @ 1.9 g/t Au at
960m (33 g/t Ag, 0.5%PDb)

0.6 g/t Au @ 1430m;
Brilliant Lode?

Deepest intersection 0.1m
@ 0.4 g/t Au at 1817m.

Granites upper 1km, -
Monzo-diorite lower 1km B 1817m, 0.4 g/t Au ——

780000N
780500N
781000N

782500N



Oreshoots yellow
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Golden Alexandra -
Washington -Sons
of Freedom lodes

1870s
prospecting
1890s
underground
1990s RC
drilling

2006

underground
development

2007-2009
diamond
drilling

Warrior West

ontinuing discovery: Warrior

Warrior East



{7BOS00N
DDY3QFS_ext 15cm @ 858 g/l Au
co03 Bm depth

CT9004 66cm @ 78.5 g/t Au
C38 - 151m depth

® ’_.4-\ s
- ———— T RL 605
— .

9alt Au

A0000N

(CT9004 31cm @ 266 g/t Au

CO3W - 293m depth

7779500N

EXISTING DECLINE RL 960
V)

L PORTAL
7779000N /— \
BRILLIAN\T‘

STRUCTURE

423500E
424000E
424500E




D
« Some depositional models:

* Fluid mixing of deep
sourced saline fluids with
cooler dilute higher level
fluids (likely)
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e Structurally controlled
pressure drop (likely)

o i i i * Fluid mixing with reduced
Salinity ( wt % NaCl equiv.) man“e methane (NOT

Fluid inclusions in quartz (ranges) Fluid inclusions in sphalerite Ch arters TOWGI‘S)
= o




 Charters Towers quartz veins not typical orogenic texture
* Oscillatory zoning in open brittle fractures

« Similarities to epithermal rather than orogenic or porphyry*
Ymvt B % Orogenic
Microbreccia oo Quartz & ‘ -~

0}
Quartz + Pyrite <360°C

il PRLANN »

Porphyry Copber #

\l‘ltc \ :
B " < ‘\L\' 3

SEM-CL — Warrior East ore (Wh|t|ng 2010) SEM-CL quartz vein styles (Rusk, 2009)



« Similar Ti:Al ratios to Orogenic gold

e fluid cooling +/- mixing?

Aluminium vs Titanium

Early barren CT quartz ~450 deg C

A 10CG

M Orogenic Au

@ Porphyry
Epithermal
MVT

@ Charters Towers

Late CT quartz <350 deg C assoc. with sulphides & gold

10 100 1000 Ti(ppm)
500 550 600 650 700 800 850 900 T(°C)




High grade pyritic ore: Lode structures & low grade gold:

« Conductor; EM target * Low resistivity; IP conductivitystasget
* IP target « Galena is radar reflector
* Strong radar reflector + Clay alteration radar absorber

« Magnetite destructive alteration

¢ acidign

& clay

¢ lode

¢ qtzvein

& basicign

¢ GFM

® qtz, carb,cs

CT5010, 1.9m ETW @ 8.8 g/t Au




e Lode parallel drilling trial

*Borehole radar can “see” out to ~50m in unaltered granite

Amplitude

Amplitude

Forward modelling shows theoretical Ratar
reflections of interface types.

Pyrite reflects better than quartz/carbonate

Convolved spike and Ricker wavelet after travelling 10m through granite,
meeting an interface with similar properties to metal sulphides and returning
to source point.

2@WOE+15

1.00E+15

Pyrite —m>

0.00E+00

1o0e115 —Note -higher-amplitude

-2.00E+15 -
Distance {(m)

Convolved spike and Ricker wavelet after travelling 10m through granite,
meeting with quartz carbonate interface and returning to source point.

2.00E+15

1.00E+15

Quartz-
0.00E+00 ;L\/—

carbonate

-1.00E+15

-2.00E+15 -
Distance {m)



Post 2010

In contrast to borehole radar, ADR is a focussed radio frequency method.

In reflectivity energy mode from relative dielectric premittivity contrasts
(ease with which a material is polarised by an electric field) are revealed.

ADR can “see” outto > Tkm Y

Anomaly in ADR scan
A56 at -467.91m




D
6 M oz gold production, + 10 M oz Exploration Targets & Inferred Resources
(>500t Au)
Has lithospheric characteristics required for a giant goldfield
Geological research showing differences to standard Orogenic gold model
Many lodes only sparsely tested
Drilling continues to outline new gold oreshoots

Down-hole IP, EM & radar targeting high grade ore

Has potential to be a giant goldfield (>8 M oz production + reserves)



Section 424,000E - C5 Birilliant East




« ~60km depth seismic reflection
traverse(above)

« ~80km depth magnetotellurics
(below) showing resistive units
below Charters Towers both
shallow and at depth.

Henson et al, 2009. GA/GSQ 3D geological map of N. Qld



* Critical factors in Bierlein et al
(2006) giant goldfield model include:

e continental margin location

LOLWORTH IGNEOUS
COMPLEX

 thin sub continental lithospheric
mantle at time of gold
mineralisation

* primitive oceanic crust source
enriched in Au & S

* high heat flux from the mantle to _
sustain crustal devolatilisation L A e

!

and melting. GA|2009 seismic interp. crust 37-42km

{
 large scale fluid release /

!
!
!
{
!
!
1

* crustal scale structures _
Charters Towers cross section

(looking west) with
schematic mafic underplating



