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Walford Creek Cu-Pb-Zn-Ag-Co Deposit 

 PREAMBLE 

The Walford Creek deposit represents a 

large polymetallic Cu-Pb-Zn-Ag-Co-(Ni) sedi-

ment-hosted sulphide system, with multiple 

periods of mineralisation overprinting an ap-

parent synsedimentary pyrite-rich system. 

The deposit was originally discovered in the 

1980’s by dominantly electromagnetic geo-

physical methods, and in 2019 had a Scoping 

Study completed that envisages a combined 

open pit and underground operation.  

LOCATION 

Geological Domain 

Camooweal-Murphy Domain  (Figures 19.1, 

19.2).

Co-ordinates 

Latitude: 17° 47' 17" S 

Longitude: 138° 17' 04" E 

MGA Zone 54/GDA94:  212,100 mE;  

8,031,154 mN  

NATURE OF MINES 

Mined Commodities 

The Walford Creek project has a published 

JORC-compliant Mineral Resource contain-

ing copper, lead, zinc, silver and cobalt.  

Mining Method & Depth of Mining 

The proposed mining method is via a con-

ventional load and haul open pit and an un-

derground mine (Aeon Metals, 2019a). The 

project will have up to three pits operating at 

any one time. The underground operation 

will utilise a transverse retreat open stoping 

method, and will mine from depths of ap-

proximately 120m to 300m. Access will be 

via conventional declines developed from 

the open pit voids. 

The processing method will utilise heap 

leach processing for low grade material, and 

flotation, bio-leach and precipitation circuits 

for the higher grade ore.  

PRODUCTION AND RESOURCES 

Mineralised Bodies 

The project consists of two mineral resource 

areas, the Vardy/Marly Zone and the Amy 

Zone further to the west. (Figure 19.5 and 

19.6). The Vardy/Marly Zone hosts two min-

eralised bodies, one within the upper PY1/

DOL units and the other in the lower PY3 

host units. The Amy Zone hosts mineralisa-

tion in one unit that is potentially an exten-

Table 19.1:  Mineral Resources as published for the Walford Creek deposit in December 2019 (Aeon Metals, 2019b ). 
See the source documentation for information regarding the CuEq% calculation. 

Vardy/Marly Copper Mineral Resource      

Category Mt Cu % Pb % Zn % Ag g/t Co % CuEq % 

Measured 6.2 1.15 0.89 0.86 26.5 0.15 2.62 

Indicated 11.3 1 0.9 0.63 30.1 0.14 2.37 

Inferred 0.9 1.04 1.06 0.8 35.2 0.14 2.49 

Total 18.4 1.05 0.9 0.72 29.1 0.14 2.46 

Vardy/Marly Cobalt Peripheral Mineral Resource     

Category Mt Cu % Pb % Zn % Ag g/t Co % CuEq % 

Measured 5.9 0.24 0.75 1.14 18.9 0.1 1.44 

Indicated 10.9 0.27 0.8 0.95 20.9 0.09 1.37 

Inferred 0.7 0.25 1.06 0.82 23.1 0.09 1.38 

Total 17.4 0.26 0.8 1.01 20.3 0.09 1.39 

Amy Copper Mineral Resource      

Category Mt Cu % Pb % Zn % Ag g/t Co % CuEq % 

Inferred 5.1 1.25 1.35 0.63 36.9 0.14 2.63 

Total 5.1 1.25 1.35 0.63 36.9 0.14 2.63 

Massive pyrite and chalcopyrite-rich breccia: WFDH412 
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hosted in relatively flat-lying to shallowly SSE 

or south-dipping sedimentary units. The bod-

ies strike approximately NNE or eastwards 

along the Fish River Fault (Figure 19.4).  

Production 

There has been no production from the de-

posit, however the 2019 Scoping Study 

(Aeon Metals, 2019a) envisages mining and 

processing of 3.2Mtpa of ore over an 11 year 

mine life for a total of 35.5Mt of ore. Per an-

num, this would produce 13600t of copper, 

2100t of cobalt, 10600t of zinc, 9300t of lead, 

1Moz of silver, and 1000t of nickel.  

Mineral Resources 

The most recent mineral resource estimate 

was published in December 2019 (Aeon Met-

als, 2019b), provided in Table 19.1. The Min-

eral Resource at Vardy-Marly is split into two 

categories:  

1) the Copper Mineral Resource that com-

prises the higher copper grade material 

adjacent to the Fish River Fault, and 

2) the Cobalt Peripheral Mineral Resource, 

that has a lower copper and cobalt 

grade, but a higher zinc grade 

In addition there is an Inferred Resource at 

the Amy deposit, further to the west from 

Vardy-Marly (Figure 19.6). 

There are no Ore Reserves published for the 

project. 

GEOLOGICAL SETTING 

The Murphy Tectonic Ridge represents the 

main tectonic divide between the Mount Isa 

Basin to the south and the McArthur Basin to 

the north. It is composed of the ca1850 Ma 

Nicholson Granite Complex and interpreted 

co-magmatic Cliffdale Volcanics, with the pre

-Barrmundi Murphy Metamorphics inferred to 

be present in the subsurface (Withnall and 

Hutton, 2013).  

Units of the early Isa Superbasin (e.g. the 

Upper Fish River Formation and Walford Do-

lomite, Figure 19.3) can be faulted against 

the older rocks of the Murphy Tectonic Ridge 

(e.g. the Peters Creek Volcanics), whilst units 

of the Late Isa Superbasin can onlap (e.g. 

the Doomadgee Formation). The Walford 

Creek deposit is located in the immediate 

hangingwall of one of the approximate east-

west bounding faults, the Fish River Fault, 

between the Isa Superbasin rocks to the 

south and the Murphy Tectonic Ridge to the 

north. 

HOST ROCKS 

Mine Stratigraphy 

The deposit is hosted within the Mount Les 

Figure 19.1:  Location of the Walford Creek deposit 
shown with respect to the Mount Isa Structural Domain 
Map from the 2010 NWQMEP GIS 

sion of the PY3 unit. 

The higher-grade copper core, shown in red, 

comprises the Copper Mineral Resource, and 

the surrounding peripheral cobalt mineralisa-

tion, shown in blue, comprises the Cobalt Pe-

ripheral Mineral Resource. 

Dimensions 

Whilst thickness of mineralisation varies, in 

the Vardy/Marly Zone the Mineral Resource 

is delineated within a 160m thick, variably 

mineralised sedimentary sequence. The indi-

vidual mineral lodes have thicknesses rang-

ing from 2m to 60m. The mineralisation ex-

tends down-dip outwards from the Fish River 

Fault for approximately 40-60m and is con-

tinuous for approximately 3.3km strike 

length along the Fish River Fault (Figure 

19.5). 

The Inferred Mineral Resource in the Amy 

Zone has a thickness ranging between 5m 

and 40m, but averaging 20m. The down-dip 

extent ranges between 30m and 60m, and 

the mineralisation occurs in four discrete 

zones along a 5.7km strike length (Aeon 

Metals, 2019b).  

Orientation of Mineralised Bodies 

The primary base metal mineralisation is 

Table 19.2:  Summary of the Fickling Group stratigraphy (From Withnall and Hutton, 2013).  
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Siltstone (Rohrlach et al, 1998), which is part 

of the Fickling Group (Table 19.2). The Fick-

ling Group comprises the basal Fish River 

Sandstone, the overlying Walford Dolomite, 

the Mount Les Siltstone and the Doomadgee 

Formation at the top of the sequence. 

Tuffaceous marker beds in the Mount Les Silt-

stone have been dated at 1640±7 Ma (U-Pb 

zircon) (Page et al, 1994), while the overlying 

Doomadgee Formation has been dated at 

1619±5 Ma (U-Pb zircon) (Page et al, 2000). 

The Fickling Group is correlated with the 

McNamara Group in the Lawn Hill Platform, 

and the McArthur Group in the McArthur Ba-

sin. It spans the Gun to Wide Supersequenc-

es of the Isa Superbasin (Figure 19.3), with 

the host Mount Les Siltstone being within the 

River Supersequence and equivalent to the 

Riversleigh Siltstone in the Century Domain 

(Figure 19.3). 

Major Host Rock 

The host rock for the deposit, the Mount Les 

Siltstone, is anomalously thick (310m) in the 

deposit area and thins to the east (<150m) 

and west (<100m). It was subdivided into five 

informal members by Rohrlach et al (1998), 

with facies recognised laterally along at least 

12km strike extent of the Fish River Fault. The 

members are as follows, and described in Ta-

ble 19.3 and shown in Figure 19.7, from top to 

base: 

 upper siltstone member 

 upper black shale member 

 green siltstone member 

 lower black shale member 

 basal siltstone member 

 

The mineralisation is hosted within the black 

shale members, with PY1 in the Upper black 

shale member, and PY3 in the Lower black 

shale member. 

INTRUSIVE ROCKS 

Granitoids 

The Nicholson Granite Complex intrudes the 

Murphy Tectonic Ridge approximately 15km 

to the north of the Fish River Fault (Pgn/2/3/7 

in Figure 19.8). It is dated at 1856 ± 3 Ma and 

1845 ± 3 Ma (Page et al, 2000; Neumann & 

Fraser, 2007), and is coeval with the Kalka-

doon Granodiorite further south in the Kalka-

doon-Leichhardt Domain. As such it predates 

the mineralisation by at least 200 million 

years. 

Mafic Intrusives 

No mafic intrusive units are reported in the 

vicinity of the deposit.   

Figure 19.2:  Location of the Walford Creek deposit over-
lain on an image of total magnetic intensity from the 
GADDS data for the region 

Figure 19.3:  Time-space diagram for the Isa Superbasin 
rocks (from Withnall and Hutton, 2013) . The Fickling 
Group spans the Gun to Wide Supersequences, and the 
host Mount Les Siltstone is within the River Supersequence 
and equivalent to the Riversleigh Siltstone. 
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METAMORPHISM 

The host rocks to the Walford Creek deposit 

are essentially unmetamorphosed, although 

Rohrlach et al (1998) suggest burial follow-

ing mineralisation to 3-4km depth. 

STRUCTURAL CHARACTERISTICS 

Structural Setting 

The host unit, the 1640 Ma Mount Les Silt-

stone, was deposited within the far northern 

extent of the Isa Superbasin during a period 

of NNW-SSE extension that is documented 

on the Lawn Hill Platform (Frogtech Geosci-

ence, 2018). Seismic data from the Lawn 

Hill Platform show distinct growth on a set of 

ca E-W to ENE-WSW faults during deposi-

tion of the River Supersequence (Bradshaw 

and Scott, 1999) and key source rocks of 

the Riversleigh Siltstone. Betts et al (2010) 

Figure 19.5 (below):  NW-looking oblique view of the 
Vardy-Marly mineralisation, coloured by copper grade. 
The yellow-beige surface is the Fish River Fault. From 
https://inventum3d.com/c/aeonmetals/walford  

 

Figure 19.6 (bottom):  North-facing view of the entire 
Vardy-Marly-Amy system. The shells represent approxi-
mate mineral resource outlines, and the background 
yellow surface the Fish River Fault.  

Figure 19.4 (left):  Schematic west-looking geological 
section through the Vardy-Marly Zone at the Walford 
Creek deposit. The Fish River Fault is steeply south 
dipping and the host sedimentary units are flat-lying to 
shallow SSE or south-dipping. 
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reports deposition of the Mount Les Siltstone 

in the Sag-phase 7 deep marine environment. 

The Walford Creek deposit is located within 

the informal Hedleys Half Graben (Figure 

19.10), an ENE zone of deposition bound by 

normal growth faults that were active during 

accumulation of the southward-thickening 

Fickling Group (Rohrlach et al, 1999). The Ni-

cholson River Fault Zone is to the south and 

to the north is the Fish River Fault Zone. The 

half-graben is cut by several WNW or  north-

west trending faults, the Calvert and Dividing 

Faults, which are interpreted (Rohrlach et al, 

1999) as being active sporadically during ac-

cumulation of both the Fickling Group and the 

earlier Peters Creek Volcanics (dated at 1726 

± 2 Ma, Page and Sweet, 1998).  

 

Structural History 

Local inversion post-River deposition has 

been documented in seismic data (Bradshaw 

and Scott, 1999), and termed the Riversleigh 

Inversion (Betts et al, 2010) at approximately 

1640 Ma. The inversion is associated with ap-

proximately N–S shortening and reverse reac-

tivation of approximately E–W-trending normal 

faults inherited from previous extensional epi-

sodes. The Riversleigh Inversion defines a 

Unit 
  

Lithology 
  

Depositional environment 
  

Early diagenesis 
  

Meteoric diagenesis Burial diagenesis 

Fish River 
Fault— proxi-
mal facies 

Scarp-derived breccias of Walford Dolo-
mite in finer grained carbonate matrix. 
Microbial carbonate and massive pyrite 
mounds, thinning and lensing basinwards. 

Submarine scarp and hydrothermal 
mound. Deep water, aerobic to anaero-
bic, with facies intimately controlled by 
an adjacent active growth fault. 

Pyritisation, infill of some 
primary porosity by car-
bonate, pyrite, quartz 
(hydrothermal silicifica-
tion), sphalerite and gale-
na. 

Solution enlarge-
ment of primary 
porosity in car-
bonate-rich units. 

Stylolitisation, hydro-
thermal dissolution, 
infill of porosity by 
phreatic dolomite 
cements, sulfides and 
minor hydrocarbons. 

'Upper siltstone 
member' 

Carbonaceous siltstone/shale (siliciclastic), 
fine dolomitic sandstone, glauconitic in 
upper part with abundant scouring and 
low-angle cross-beds. Tuffaceous, graded 
beds, slumping and minor compactional 
dewatering structures. 

Below storm wave-base and shallowing 
upwards to above storm wave-base 
near base of Doomadgee Formation 
unconformity. Input of basin margin 
carbonate decreasing. Aerobic to 
dysaerobic. 

Glauconite alteration.   Cementation by fine-
grained quartz and 
dolomite. 

'Upper black 
shale member' 

Carbonaceous, pyritic and dolomitic shale 
and fine siltstone. Finely laminated and 
pyritic throughout. Pyrite increases to-
wards the Fish River Fault. Contains the 
No. 1 and No. 2 pyrite lenses. Shales mod-
erately tuffaceous. Abundant soft sedi-
ment slumping. 

Deep water, below storm wavebase. 
Anaerobic. Submarine mass flows of 
scarp-derived talus breccias and sulfide 
mound debris. Carbonate deposition 
along basin margin. 

Alteration of volcanic glass 
in tuffaceous shales. 

  Cementation by illite, 
fine-grained quartz 
and dolomite. 

'Green siltstone 
member' 

Thinly interbedded green dolomitic shale 
and siltstone and pale dolomitic sandstone 
intercalations as distal portions of talus 
breccias. Abundant soft sediment slump-
ing and compaction induced slip planes. 
Highly fissile and graded tuffaceous shale 
intercalations common. 

Below storm wave-base. Dysaerobic to 
aerobic. Mixed deposition by fall out 
(shale) and mass flows of scarp debris 
(talus breccias) and fine-grained car-
bonate derived from basin margin. Sig-
nificant seismic disturbance of accumu-
lating sequence. Tuffaceous fall-out 
well preserved. 

    Stylolitisation, ce-
mentation by illite 
with minor dolomite 
and quartz. 

'Lower black 
shale member' 

Similar to 'upper black shale member'. 
Carbonaceous, dolomitic and pyritic silt- 
stone/shale. Contains the No. 3 pyrite 
lens. Planar and minor graded bedding. 
Dolomitic sandy beds near the base. 

Deep water, below storm wave-base. 
Anaerobic. Submarine mass flows of 
scarp-derived talus breccias and sulfide 
mound debris. Carbonate deposition 
along basin margin. 

    Cementation by illite, 
fine-grained quartz 
and dolomite. 

'Basal siltstone/ 
sandstone 
member' 

Carbonaceous, dolomitic shale and silt-
stone rhythmically interbedded with grad-
ed dolomitic sandstone. Minor soft sedi-
ment slumping. Minor rip-up intraforma-
tional sedimentary breccia beds and 
scouring near base. 

Mixed clastic and carbonate turbidites 
in dysaerobic basin. Some storm re-
working near base, deepening upwards. 
Scarp-derived talus breccias and car-
bonate derived from basin margin. 

    Stylolitisation, infill of 
primary porosity by 
illite with minor dolo-
mite and quartz. 

Table 19.3 (above):  Interpreted depositional envi-
ronments and diagenesis of the Mount Les Siltstone 
(from Rohrlach et al, 1998). As well as those units 
listed in the text, it also includes a facies for the scarp-
derived breccias. 

 

Figure 19.7 (right):  Stratigraphic column showing the 
members of the host Mount Les Siltstone. Provided 
by Aeon Metals (after Rohrlach et al, 1998) 
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Figure 19.8:  Geological map (previous page) and 
stratigraphic legend (right)  from the 1:100,000 map-
ping from the Geological Survey of Queensland of the 
Walford Creek area. 
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Figure 19.9: Reduced-to-pole aeromagnetic image with 1st vertical derivative sharpening (Mount Isa Open Range survey dataset sourced from QDEX Data https://
qdexdata.dnrme.qld.gov.au/GDP/Search ). 

https://qdexdata.dnrme.qld.gov.au/GDP/Search
https://qdexdata.dnrme.qld.gov.au/GDP/Search
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Figure 19.11: Folding along the Fish Creek Fault has 
been interpreted from seismic line 2018-05 (Jelicich-
Kane et al, 2018; Aeon Metals, 2019c).  

major reorganisation of the Isa Superbasin. 

Throughout the Camooweal–Murphy Domain 

the unconformity is marked by a shift from 

carbonate facies in the lower Isa Superbasin 

to clastic facies (turbidites) in the upper Isa 

Superbasin (Southgate et al, 2000). The un-

conformity is coincident with a major hairpin 

inflection in the North Australian Craton’s ap-

parent polar wander path (Idnurm 2000). 

Deposition of the Doomadgee Formation 

spanned the Lawn and Wide Supersequence 

period, unconformably overlying the Mount 

Les Siltstone, with Doomadgee Formation 

deposition at approximately 1613 Ma.  

Major Structural Styles 

Synsedimentary talus breccias are well re-

ported from the Mount Les Formation in the 

vicinity of the deposit, and defined by 

Rohrlach et al (1999) as the ‘Fish River 

Fault— proximal facies’ (Table 19.XX). Fault-

related breccias are also reported, particular-

ly related to the later phase of discordant epi-

genetic Cu-Co (Pb, Zn, Ag) mineralisation 

hosted in dolomite breccias (Jelicich-Kane et 

al, 2018).  

Open folding has been reported along the 

strike of the Fish River Fault, with anticlines 

interpreted in seismic section 2018-05 

(Figure 19.11). 

Johnson et al (2019) note the presence of 

north-south cross-cutting faults in the deposit. 

They interpret the faults as syn-depositional 

with limited movement, but creating thicken-

ing and thinning of the PY3 unit along strike 

with minor ‘sub-basins’ delineated by the 

cross-structures. 

Structural Controls on Mineralisa-

tion 

The spatial correlation of the mineralisation 

with the Fish River Fault implies it was the 

key structural control.  The pre-

mineralisation synsedimentary Stage I py-

rite of Rohrlach et al (1999) is considered 

as deposited as microbially precipitated 

mounds from subaqueous springs that 

vented from the Fish River Fault. The fol-

lowing base metal mineralisation stages 

are interpreted by Rohrlach et al (1999) as 

having been episodic, including the copper 

mineralisation (Stages III and IV) occurring 

after Doomadgee Formation deposition, 

but the prolonged mineralisation history is 

interpreted by Rohrrlach et al (1999) as the 

result of the Fish River Fault episodically 

tapping deep-seated hydrothermal fluids of 

varying composition. Jelicich-Kane et al 

(2018) note that grades of Cu-Co mineralisa-

tion decrease rapidly with distance from this 

long-lived fault. 

Rohrlach et al (1999) note that the Walford 

Creek prospect is centred on a major flexure 

in the Fish River Fault and its intersection 

with the Dividing Fault, a northwest-trending 

fault within the Peters Creek Volcanics base-

ment (Figure 19.10). Jelicich-Kane et al 

(2018) note that where the Fish River Fault is 

intersected by the basin segmenting, NW 

striking faults, (eg. the Dividing Fault), en-

Figure 19.10:  Structural framework in the southern portion of the Hedleys Creek 1:100,000 map sheet area. 
From Rohrlach et al (1998). 
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Figure 19.12: Bouguer (infinite slab model) gravity image (dataset sourced from QDEX Data https://qdexdata.dnrme.qld.gov.au/GDP/Search ). C ontours of 10 µm/s2. 
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hanced dilatancy is now interpreted in the 

hanging wall.  

 MIN1 occurs as massive pyrite with min-

imal dolomite proximal to the FRF within 

the Vardy and Marley zones. The mas-

sive pyrite is interpreted to be primary 

pyrite originating from hydrothermal 

mounds, enriched during fault associat-

ed syn-sedimentary tectonic activities. 

This pyrite is fully recrystallised and 

overprinted with zones of vuggy texture, 

often rich in cobalt with accessory chal-

copyrite, sphalerite and galena. Lateral 

halo zonation patterns between the dif-

ferent minerals is interpreted to be tem-

perature related, with Cu-Co concentrat-

ed to zones of hot fluid flow abutting the 

Fish River Fault and cooler drop out 

points of Pb-Zn further from the fault 

(Figure 19.4). 

Figure 19.13 (below):  Chert and siliceous conglomer-

ate.   From Aeon Metals (2019c). 

A) Conglomerates/Sandstone with subangular clasts 

B) Conglomerates with chert clasts,  

C) Siliceous chert with hematitic alteration. Re-

placement of conglomerate?  
 
Figure 19.14 (bottom):  PY1 – Massive/vughy pyrite.  

From Aeon Metals (2019c). 

A) Massive vuggy recrystalised  pyrite

(cobaltiferous).  

B) Massive pyrite with chalcopyrite,  

C) Massive vuggy pyrite with galena,  

D) Graded bed in unmineralised strata bound pyrite 

distal from the Fish River Fault.  

MINERALISATION 

General Characteristics 

Mineralisation can be defined by two broad 

zones, associated with two lenses of pyritic 

shales, PY3 and the overlying PY1 (Figure 

19.4). These two zones of mineralisation 

are termed by Johnson et al (2019) as 

MIN3 and MIN1/2, respectively. Figures 

19.13 to 19.21 present a set of photos pro-

vided by Aeon Metals that provide a de-

tailed overview of the different lithologies, 

alteration and mineralisation styles in the 

deposit. 

The mineralisation is summarised by John-

son et al (2019) as follows:  
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mentation (Figure 19.13C). To the west the 

chert unit is represented as medium to 

coarse grained silica flooded sandstone 

conglomerate with subangular clasts 

(Figure 19.13A). Despite recognition of this 

change in nature of the unit the relationship 

between the chert and the mineralisation 

remains unclear. However, Johnson et al 

(2019) suggest this chert alteration may be 

a result of post-depositional hydrothermal 

alteration of the conglomerate.  

Dolomite Alteration 

Dolomite alteration is noted in the Green 

Siltstone (Figure 19.15A,B), at times oblite-

rating the original texture, and where 

strong mineralisation may occur (Johnson 

et al, 2019).  

Silica-chlorite-pyrite-siderite altera-

tion  

A distinctive tuffaceous band 5m from the 

basal contact of the Green Siltstone is fre-

quently seen to be altered by silica-chlorite

-pyrite-siderite (Figure 19.15C) in areas of 

where mineralisation of the underlying 

MIN3 is strongest . This discrete marker 

and the associated level of alteration has 

 Underlying this is the MIN2 talus front, 

which is rich in dolomites and often con-

tains the best and most consistent cop-

per mineralisation of the upper mineral-

ised zone. The turbidite and talus brec-

ciated nature of the sediments is 

thought to have increased permeability 

and enhanced mineralised fluid flow 

along the debris front. The dolomite and 

sulphidic sediments are thought to have 

acted as a geochemical traps for perme-

ating fluids. 

 The lower pyrite unit at Walford Creek, 

MIN3, contains the highest copper 

grades within the resource. The upper 

portion of the unit is semi-massive to 

massive sulphides, with cross-cutting 

chalcopyrite veining and replacement of 

sulphide beds adjacent to the fault. This 

is immediately underlain by a dolomitic 

reefal unit of varying thickness, which is 

also subject to brecciation and replace-

ment close to the fault. High-grade min-

eralisation is focussed in the coarser 

grained lower section of MIN3, which is 

thought to have allowed the permeation 

of hot, copper-bearing fluids migrating 

up the fault from deep in the basin. Ad-

jacent to the Fish River Fault, these 

beds are entirely replaced by ore bear-

ing sulphides and carbonates, display-

ing “chicken wire”, “colloform” and 

“clotting” textures. It is likely that this 

unit behaved as the primary favourable 

site for mineral bearing hydrothermal 

fluid and therefore hosts the highest-

grade intercepts.  

Johnson et al (2019) note the timing of miner-

alization and the deposition of sulfides can be 

roughly divided into the following sequence 

(Gigon, 2019):  

1. Framboidal Pyrite/strata-bound Pyrite 

2. Coarse euhedral Galena +/- Sphalerite - 

seen in strata-bound pyrite, kilometres 

out from the Fish River Fault 

3. Sphalerite as matrix rimming coarse Ga-

lena 

4. Sphalerite around Galena (potentially 

the same generation as above) 

5. Chalcopyrite replacement of Galena 

6. Chalcopyrite, either in replacement or 

late stage veins 

7. Late Carbonate and Galena/Sphalerite 

veins  

WALLROCK ALTERATION HALO 

Chert 

The nature of the chert unit (Figure 19.13A-

C) defining the contact between the Upper 

Black Shale (MIN1/2) and the overlying Up-

per Siltstone is variable within the deposit 

along the length of the Fish River Fault. East 

of 211500E (~1km from the western end of 

the Vardy-Marley deposit) the chert is mas-

sive, amorphous silica with a hematite pig-

Figure 19.15 :  Alteration in the Green Siltstone.  

A. Dolomite-rich layers of altered green siltstone 
retaining relict bedding structures, WFDH397 

B. Dolomite altered Green Siltstone, becoming mas-
sive in texture, with carbonate veining, 
WFDH454 - 109.3m. 

C. Discrete siderite-silica-pyrite alteration marker 
band of Green Siltstone, seen to be associated 
with strong MIN3 mineralisation distributions. 
WFDH352 (291m). 

 
From Johnson et al, (2019).  

proved to be a good indicator for correlating 

degrees of mineralisation within the lower 

MIN3 unit. The unit thins out in the presence 

of dolomitic highs within the underlying py-

rite lens (MIN3), indicating bathometric topo-

graphical variations associated with inter-

preted biohermal reefs (Johnson et al, 

2019).  

Fish River Fault 

Alteration is noted by Aeon Metals (2019c) 

in the vicinity of the Fish River Fault (Figure 

19.4). There is a progression into the foot-

wall away from the fault comprising notably 

leached material in the immediate footwall 

(Figure 19.21A), followed by chlorite altera-

tion in the Peters Creek Volcanics units 

(Figure 19.21B) and then hematitic-feldspar 

alteration (Figure 19.21C). 
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Figure 19.16 (below): PY1 – Lower talus breccia dolomite.  From Aeon Metals (2019c). 
A) Massive pyrite with chalcopyrite replacing dolomitic pyritic shale bands and as matrix infill in talus breccia,  

B) Late chalcopyrite replacing matrix in talus breccia,  

C) Talus breccia with flow banding and soft sediment infill. . 

Figure 19.17 (below): Figure 19.XX: Green siltstone and altered dolomite. From Aeon Metals (2019c).  
A) Dolomite altered/dolomitic green siltstone,  

B) Tuff horizon within a typical green siltstone,  

C) Siderite?/ Quartz/Pyrite/Silica/Chlorite altered Tuff that lies 8m above PY3 in strongly mineralised zones,  

D) Dolomite altered talus layer/dolomite green siltstone. 
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Figure 19.18 (below): PY3 – Upper pyritic shale.  From Aeon Metals (2019c). 
A) Lenticular sandy beds within a pyritic shale  typical of the upper PY3,  

B) Full replacement of shales by galena and sphalerite.  

C) Sphalerite (cream) with minor galena in pyritic shales,  

D) Galena in pyritic shales. NB the sharp boundary with Cpy mineralisation (on left) and Cpy mineralisation replacing coarser grained carbonaceous Ca/Mg/S dolarenites (on right). 
 
 

Figure 19.19 (below): PY3 – Dolomitic reef.   From Aeon Metals (2019c). 
A) Stromatolites in fault bound dolomitic horizon within PY3,  

B) Ooids in fault bound dolomitic horizon within PY3,  

C) Biohermal debris? Often with a steep dip in fault bounded dolomitic horizon within PY3 
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Figure 19.20 (below): PY3 – Carbonaceous dolomite. From Aeon Metals (2019c). 
A) Cpy mineralisation partially replacing coarser grained carbonaceous Ca/Mg/S dolerarenites,  

B) Galena/ Cpy mineralisation with sharp boundary with Cpy mineralisation,  

C) Cpy mineralisation replacing bands in relatively unaltered/mineralised carbonaceous Ca/Mg/S dolarenites,  

D) Cpy mineralisation fully replacing coarser grained carbonaceous Ca/Mg/S dolerarenites,  

E) Cpy mineralisation fully replacing coarser grained carbonaceous Ca/Mg/S dolerarenites,  

F) Cpy mineralisation replacing coarser grained bands within carbonaceous Ca/Mg/S dolerarenites 
 
 

Figure 19.21 (below): Fish River Fault and Footwall . From Aeon Metals (2019c).  
A) Faulted | Silica altered to leached porphyritic volcanics 

B) Chlorite/Sericite altered porphyritic volcanics 

C) Hematite/Kspar altered porphyritic volcanics  

D) Polymictic fault breccia with Cpy mineralisation 
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GEOPHYSICAL EXPRESSION 

Ground EM 

The deposit has a marked conductivity signa-

ture in electromagnetic data. Webb and 

Rohrlach (1992) note that the black carbona-

ceous shales that host the massive sulphides 

are not graphitic, and thus the the TEM meth-

ods have been able to successfully map the 

extent and gross geometry of the No 1 pyrite 

lens. 

Hancock et al (1990) note that the 200m co-

incident loop TEM (SIROTEM Mk II) survey-

ing was “an effective first-pass regional filter 

of target stratigraphy” and that it had defined 

the regional distribution of the massive pyrite 

lens. They also note that “The pyrite body 

has a very strong E/M response in the 200m 

loop reconnaissance data”.  

WMC completed a 100m coincident loop 

TEM (SIROTEM) survey over the deposit in 

1990 to infill and were able to map the distri-

bution and depth of the shallow portion (20-

150m) of the upper pyritic unit (Hancock et al, 

1990). 

Figure 19.22 provides the plot of the 200m 

SIROTEM data from line 1100E over the min-

eralised system, which is 100m east of the 

initial discovery hole WFD.P1 on line 1000E 

(Rogers & Donaldson, 1987).  

The coincident loop TEM data from an ap-

proximate east-west long section (Figure 

19.23A) from Webb abd Rohrlach 

(1992) demonstrates the effectiveness 

of the method in mapping the massive 

pyrite lens, with the westward deepening 

of the lens (Figure 19.23B) being well 

imaged. 

Airborne EM  

In late 1998 airborne electromagnetic 

(AEM) data was acquired over the Wal-

ford Creek deposit utilising a prototype 

Tempest system (Lane, 2004). The Wal-

ford Creek area was chosen because of 

the presence of a known conductor in a 

resistive host, relatively simple conduc-

tor geometry, absence of conductive 

cover and the availability of previous 

ground EM and AEM results (Webb and 

Rohrlach, 1992). 

The data clearly delineates the upper pyrite 

unit. Figure 19.24 shows the +100mS/m 

conductivity isosurface, which maps the py-

rite unit well in terms of depth and lateral dis-

tribution in the eastern zone where the lens 

has a depth of between 20-150m. Where the 

lens deepens in the west to 200-400m it 

does not appear to be mapped. 

Webb and Rohrlach (1992) also report that 

the 37.5Hz QUESTEM and 75Hz GEOTEM 

airborne EM systems were trialled over the 

deposit, with both obtaining  strong anoma-

lies where the pyrite lens comes to within 

20m of the surface, with the GEOTEM sys-

tem also obtaining a strong anomaly where 

Figure 19.22 (right) : Profiles of the data from the 200m 
coincident loop time domain EM (SIROTEM) traverse 
over the Walford Creek deposit (Line 1100E, which is 
100m east of the line containing the initial discovery hole 
WFD.P1 on line 1000E. From Rogers & Donaldson, 1987.  

Figure 19.23 (below) : A) Depth-conductivity pseudosec-
tion on long section 30100N, and B) associated schematic 
geological section illustrating the displacement of the  up-
per lens mineralisation across the Dividing Fault, which has 
been well mapped by the coincident loop EM. From Webb 
and Rohrlach (1992). 
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Figure 19.24 : Oblique NW-looking view 
of the +100mS/m conductivity CDI isosur-
face from the 1998 Tempest AEM survey. 
It clearly maps the upper pyrite lens ex-
tending to the south from the Fish River 
Fault in the shallow eastern segment (20-
150m depth). 

Figure 19.25 (below) : Pseudosection from an Induced 
Polarisation survey line over the deposit. The survey uti-
lised a 100m dipole-dipole configuration and was located 
on line 1000E on which the discovery hole WFD.P1 was 
drilled. From Rogers & Donaldson, 1987.  

the conductor is 80m deep.  

Induced Polarisation 

A single line of frequency domain IP (100m 

dipole-dipole) was completed over the depos-

it in 1986 (Rogers & Donaldson, 1987). The 

original pseudosection is provided in Figure 

19.25. 

Gravity 

Webb and Rohrlach (1992) suggest the de-

posit demonstrates a 0.6mGal anomaly in the 

regional gravity data. A grid-based gravity 

survey is also reported by Webb and 

Rohrlach (1992) with the contours over the 

eastern portion of the deposit between 

210000mE and 214000mE (the Vardy-Marley 

zone) shown in Figure 19.26. There is a 

subtle gravity ridge over the deposit.  

The regional magnetic, gravity and radio-

metric datasets do not appear to provide 

direct detection methods for the deposit 

(Figures 19.9, 19.12 and 19.27 to 19.29).  

EXPLORATION GEOCHEMISTRY 

Stream Sediment Geochemistry 

The most consistent regional stream sedi-

ment dataset is that collected using a -80# 

fraction. Plots of the regional stream sedi-

ment coverage, from the GSQ West Isa 

dataset, are provided in Figures 19.30 to 

19.32 for copper, lead and zinc respective-

ly. The drainages run from north to south in 

this area, with the majority of the sampling 

being on a tight spacing 200-500m apart fo-

cused on the primary drainages that are 

spaced at approximately 2-3km apart.  

The key copper anomalism (>100ppm Cu) is 

to the north of the Fish River Fault approxi-

mately 10km west of the main Walford Creek 

deposit, and approximately 20k to the north-

west surrounding the large outcropping area 

of the Nicholson Granite Complex (Pgn/3). 
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Lead and zinc anomalism is likewise most 

notable approximately 10-15km to the west of 

the Walford Creek deposit surrounding a 

large are of outcropping Doomadgee For-

mation (Pfd/1 and Pfd/3). It is not notably 

anomalous surrounding the Nicholson Gran-

ite Complex.  

The Walford Creek deposit itself does not ap-

pear to produce notable stream sediment 

base metal anomalism, although it is located 

at the break of slope in topography from the 

Murphy Tectonic Ridge to the north and may 

be subject to dilution by the sediment load. 

Soil Geochemistry 

The soil sediment data shows patchy 

anomalism in may elements along the Fish 

River Fault. Data from the -80# soil fraction 

over the Walford Creek area is shown in Fig-

ure 19.33, and the data from a coarser -6mm 

to +2mm fraction is provided over a longer 

strike extent of the Fish River Fault in Figure 

19.34.  

TIMING OF MINERALIZATION 

Absolute Age 

The mineralisation is constrained to a maxi-

mum age of 1640±7 Ma which is the U-Pb 

zircon age from a tuffaceous marker bed in 

the host Mount Les Siltstone (Page et al, 

1994). Rohrlach et al (1998) suggest the cop-

per mineralisation occurred after deposition 

of the overlying Doomadgee Formation, in 

which case the copper mineralisation would 

have a maximum age of 1619±5 Ma (U-Pb 

zircon age of the Doomadgee Formation; 

Page et al, 2000). 

GENETIC MODEL 

The genetic model for the deposit based on 

the two key references (Rorhlach et al, 1998; 

Johnson et al, 2019) has a common theme in 

that the Pb-Zn mineralisation is early in the 

history, with the Cu(±Co) mineralisation later. 

Rohrlach et al (1998) note that the different 

parts of the paragenesis have a variety of po-

tential analogues including the Munster Basin 

in Ireland, the northern Australian diagenetic 

stratiform zinc deposits and Mississippi Val-

ley-type deposits. They interpret the follow-

ing:  

 Stage I consists of synsedimentary py-

rite and marcasite deposited within 

three lenses as microbially precipitated 

mounds from subaqueous springs that 

vented from the Fish River Fault, with 

evidence for extensive detrital rework-

ing. 

 Early diagenetic stratiform and strata-

bound, primary porosity cavity-fill 

sphalerite, galena with or without py-

rite and quartz mineralisation (Stage 

II) has overprinted Stage I sulfides. 

Mineralisation formed shortly after 

sediment deposition from connate la-

custrine water, or during uplift and ero-

sion of the succession prior to deposi-

tion of the overlying Doomadgee For-

mation. 

 Stage III sulfides consist of cavity fill-

ing and vein sphalerite, galena and 

chalcopyrite deposited by cooling and 

mixing of hypersaline (150-170°C) 

MgCI2 brines (~25 wt% eq.) with am-

bient (<70°C) CaCI2-MgCI2 brines. 

Mineralisation post-dates stylolitisation 

and probably formed at a depth of 1-2 

km. 

 Stages III and IV formed after deposi-

tion of the Doomadgee Formation, but 

prior to maximum burial.  

Johnson et al (2019) are less specific on 

the matter of absolute timing but suggest 

that the mineralisation shows affinities to 

both early sediment-hosted SEDEX-type 

(Rohrlach et al., 1993) and late sediment 

hosted copper deposit styles (Isa Style). 

Recent modelling has enabled the develop-

ment of the deposit’s geological model, 

which is thought to more closely resemble 

the Zambian Copperbelt sediment hosted 

copper-cobalt style mineralisation. The wide 

diversity of mineralisation styles reflects 

multiple events in a long-lived re-activated 

structural setting that originated as a growth 

fault.  

POST-FORMATION MODIFICATION 

The deposit appears to have undergone rel-

atively little visible post-formation modifica-

tion, although Rohrlach et al (1998) propose 

that following mineralisation the deposit was 

buried to approximately 3-4km depth. 

EXPLORATION 

Discovery Method 

The exploration and discovery history of the 

deposit is well documented by Webb and 

Rohrlach (1992), and Aeon Metals (2019b), 

and is summarised below. 

Systematic modern exploration in the broader 

Hedleys Creek area commenced with Car-

pentaria Exploration Company  in the 1960’s 

after they recognized broad stratigraphic 

suites similar to those at McArthur River. This 

was followed by work in the 1970’s by Esso 

and Aquitane. Various surface geochemical, 

gravity and electromagnetic anomalies were 

recognized during this period and dismissed 

as lithological–related anomalies or drill-

tested with inconclusive results.  

In 1982 the eastern margin of the area previ-

ously explored was selected as one of a se-

ries of conceptual geological targets by WMC 

(D. Haines and C.Brown). In 1985 WMC 

completed a work program in the Walford 

Creek area comprising 1: 25 000 scale geo-

logical mapping, soil and rock chip geochem-

istry, ground magnetic surveying and SI-

ROTEM geophysical surveying (Hancock et 

al, 1990). 

A high-order SIROTEM anomaly delineated 

immediately south of the Fish River Fault was 

tested with seven percussion and diamond 

drill holes (aggregate 1073.5 m). Highly 

anomalous lead- zinc-silver values were rec-

orded in a massive framboidal pyrite interval 

within a black shale horizon, interpreted as 

middle Doomadgee Formation (Rogers and 

Donaldson, 1987). 

The best intersections recorded from the sev-

en holes were (Rogers and Donaldson, 

1987): 

 WFD.P1 – 6m @ 1.1% Pb, 0.56% Zn 

and 9.5 g/t Ag from 64m 

 WFD.P2 6m @ 0.74% Pb, 0.19% Zn, 

22 g/t Ag from 88m 

Figure 19.26 (right): Compilation of geophysical data over 
the deposit. Contours of the 10-ms delay time, 100m loop 
TEM, and Bouguer gravity values. This shows the corre-
spondence between strong TEM and higher Bouguer val-
ues. The densest stippling approximately corresponds to 
areas where the No. 1 pyrite lens thickness is in excess of 
25m. The Bouguer contours are marked as mGal, but inter-
preted as µGal. From Webb and Rohrlach (1992). 
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 WFD.P3 6m @ 0.1% Pb, 0.06% Zn and 

25 g/t Ag from 54m 

Exploration work with a variety of methods 

continued at the project under the manage-

ment of: 

 1984 to 1996 WMC 

 2004 to 2006 Copper Strike 

 2010 to 2012 Aston Metals 

 2014 to present Aeon Metals. 

 

The first publicly reported Mineral Resource 

was an Inferred Mineral Resource of 6.5 Mt 

@ 0.6% Cu, 1.6% Pb, 2.1% Zn, 25 g/t Ag 

and 0.07% Co by Copper Strike. 

Aston Metals increased this resource to an 

Indicated and Inferred Mineral Resource of 

48.3Mt @ 0.39% Cu, 0.83% Pb, 0.88% Zn, 

20.4 g/t Ag and 731 ppm Co in 2012. 
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Figure 19.27: Potassium image (from QDEX Data). The high zones are dominated by the exposed units of the Murphy Tectonic Ridge, particularl y the Peters Creek Volcanics 
(Pvp). 
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Figure 19.28: Thorium image (from QDEX Data). The high zones are dominated by the exposed units of the Murphy Tectonic Ridge, particularly the Peters Creek Volcanics 
(Pvp2/5/7), and to a lesser extent the Cliffdale Volcanics (Pvf). 
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Figure 19.29: Uranium image (from QDEX Data). The high uranium zones are dominated by the rhyolite units of the Peters Creek Volcanics (Pvp 2 and Pvp5). There is one 
small highly uranium anomalous area in the southwest mapped as the Burangoo Sandstone (Psu). 
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Figure 19.30: Plot of copper values from the open file stream sediment data in the Walford Creek district (from QDEX Data—West Isa collection). The data has not been lev-
elled for mesh size, but the majority of data utilised utilized a –80# fraction. 
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Figure 19.31: Plot of lead values from the open file stream sediment data in the Walford Creek district (from QDEX Data—West Isa collection). The data has not been lev-
elled for mesh size, but the majority of data utilised utilized a –80# fraction. 



                                           Northwest Mineral Province Deposit Atlas   663 

 Walford Creek Deposit  Chapter 19 

Figure 19.32: Plot of zinc values from the open file stream sediment data in the Walford Creek district (from QDEX Data—Westt Isa collection). The data has not been lev-
elled for mesh size, but the majority of data utilised utilized a –80# fraction. 
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Figure 19.33: Plot of element values from the –80# soil survey over the Walford Creek deposit. 

Figure 19.34: Plot of element values from the –6mm+2mm fraction soil survey over the Walford Creek deposit. Data from GSQ West Isa database. 


