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The Cayley Lode – a ‘Magma’ style copper lode 
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Abstract 
 
The Cayley Lode copper-gold-silver lode-style mineralisation was discovered in September 
2019 at the Thursday’s Gossan porphyry prospect, located in Western Victoria, Australia. 
Upon acquiring the project in 2013, Stavely Minerals commenced exploration for an inferred 
deep porphyry source to near-surface alteration and low-grade copper mineralization with 28 
million tonnes at 0.4% Cu in a shallow chalcocite-enriched blanket. Initial programmes 
included induced polarisation and ground gravity surveys followed by diamond drilling to test 
beneath an interpreted phyllic alteration zone. As exploration progressed, drilling intersected 
significant intervals (+100m) of very dense, well-developed porphyry quartz-magnetite M-
veins. The M vein intercepts were progressively followed to depth with drilling that also 
encountered significant intervals (to 38m drill width) of structurally-controlled high-grade 
copper-gold-silver mineralisation at depths of between 500m to 1,050m down-hole. With a 
recognition that the sulphide assemblage and character of these veins was similar to the 
lode-style veins at Magma, Arizona and Butte, Montana, one of Stavely’s consulting 
geologists recommended not pursuing a porphyry target at depths in-excess of 1.5km but 
rather, to target the high-grade structurally-controlled mineralisation closer to surface. This 
change in tack produced immediate results. Discovery drill hole SMD050 intersected 32m at 
5.88% Cu, 1.00g/t Au and 58g/t Ag from 62m down-hole. The mineralisation was named the 
Cayley Lode after Geological Survey of Victoria geologist Ross Cayley, who, in conjunction 
with colleagues from the GSV and Geoscience Australia, had highlighted the potential of the 
Stavely Arc to host porphyry and other intrusive-related styles of mineralisation. The Cayley 
Lode is in an advanced Mineral Resource definition drilling of shallow (0-300m) 
mineralisation in support of an initial Mineral Resource estimate expected to be completed in 
the first half of 2022. 
 
Project History 
 
The Stavely region, located in western 
Victoria approximately 200 kilometers 
west of Melbourne, was identified as a 
copper anomaly in a stream sediment 
sampling programme by Western Mining 
Corporation in the early 1970’s but the 
anomaly was not followed-up at the time. 
In the late 1970’s to early 1980’s, US-
based Pennzoil investigated the Stavely 
stream sediment copper anomalism and 
identified gossan float in a farmer’s 
paddock that returned rock-chip assays up 
to 2.9% copper at the Thursday’s Gossan 
prospect (yes, it was on a Thursday).  
Subsequent episodic exploration was 
conducted by major mining companies 
including CRA Exploration (now Rio 
Tinto), North Limited, then Rio Tinto again 
earning-in with North Limited.  In mid-
1997, North Limited dropped the project.  
The former North Limited Victoria 

 
1 Stavely Minerals Limited 

Figure 1.  Stavely project location map. 
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Exploration Manager resigned his position and picked up the project in his private company 
New Challenge Resources.  A series of earn-in and joint ventures followed with Newcrest 
Operations Limited and then Beaconsfield Gold NL, with project subsequently being 
acquired by Beaconsfield.  After a fatality in an underground mine collapse in their 
namesake mine in Tasmania, Beaconsfield went into administration, later to be resurrected 
as BCD Resources.  Their focus in 2013 was to mine a refractory gold 
 deposit in Queensland and process the mined material at the Beaconsfield facility.  The 
Stavely and Ararat projects were sold to private company Northern Platinum Pty Ltd 
(subsequently renamed as Stavely Minerals Limited) in February 2013.  Stavely Minerals 
was listed on the Australian Securities Exchange in May 2014 and proceeded to explore for 
an inferred deep porphyry considered to be the source of the Thursday’s Gossan gossan 
and the chalcocite-enriched blanket mineralisation.  This search culminated in a 1,800m 
diamond drill hole that was spectacularly barren of any meaningful copper mineralisation.  
However, some previous drill holes had intersected structurally-controlled high-grade lode-
style copper-gold-silver mineralisation at drill depths of between 500m and 1,050m down-
hole. 
 
Regional Geology 
 
The Thursday’s Gossan and Junction 
porphyry copper prospects are hosted 
within the Lower to Mid-Cambrian Mount 
Stavely Volcanic Complex (MSVC) of the 
Grampians-Stavely Zone in western Victoria 
(Figure 1), which comprises five volcano-
sedimentary stratigraphic and intrusive 
units, namely: the Williamson Road 
Serpentinite (Buckland, 1987), likely of Neo-
Proterozoic age (Ross Cayley, pers. 
comm.) the Cambrain Fairview Andesite 
Breccia, Nanpundah Tuff, Towanway Tuff 
and the Glenthompson Sandstone, a very 
thick sequence of turbidites yielding detrital 
zircon age dates (maximum depositional 
age) of between 560.9Ma ± 4.2Ma to 538 ± 
23Ma but does not host any Stavely 
Volcanics aged zircons so clearly pre-dates 
the Stavely Arc intrusions and volcanics 
(Lewis et al., 2016) . The stratigraphy has 
been uplifted, folded, faulted and tilted 
during the Delamarian Orogeny (Crawford 
et al., 2003), the timing of which is 
synchronous with the intrusion of the Bushy 
Creek Igneous Complex dated at 502.5Ma 
± 2.6Ma to 498.2Ma ± 2.3Ma (Lewis et al., 
2016) and various other intrusive phases ie. 
the Lalkaldarno porphyry dated at 500 ± 2 
Ma (Buckland, 1987).  
 
In the Thursday’s Gossan prospect, more recent age dating of microdiorite (490.8Ma ± 
2.8Ma and 498.1Ma ± 2.6Ma) and quartz diorite porphyry (490.8Ma ± 2.9Ma and 491.1Ma ± 
2.9Ma) (Stepanov et al., 2018) in the proximity of the Cayley Lode has these local intrusive 
phases as being slightly younger than the main Bushy Creek / ‘Victor’ porphyry intrusive 
phase. One additional younger date of 476 ± 4.4 Ma from a tonalite porphyry with weak 

Figure 2. Local geology of the MSVC showing 
porphyry prospect locations. Wickliffe 
is a VMS prospect. 
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propylitic alteration intersected in drill core from drill hole SMD001 is not yet corroborated by 
any other date yet acquired from the project. 
 
Structural Setting 
 
It is hypothesized, based on a SE-NW trend for subduction and compression, that sinistral 
movement along the N-S trending Mt Stavely and Escondida Faults, evident on 
aeromagnetic data and published geological maps, would have facilitated dilation along the 
NW trending off-sets seen in the regional aeromagnetic data. Many ore systems in the 
Lachlan Fold Belt are localised by sinistral movement on the roughly NS arc-parallel 
structures (Corbett and Leach, 1998; Corbett, 2013) and sinistral movement at Stavely 
would have provided a strongly dilatant NW trending site for the emplacement of the various 
phases of intrusions. Structural studies by Stavely Minerals geologists (unpublished 2014), 
Menzies and Corbett (2014) and Neilsen and Augenstein (2015) propose that general 
geometry of the copper porphyry system is likely to be upright and not folded, and offset by 
at least two low-angle normal faults that dip NW to SW and have displaced the top block to 
S-SE, in the order of hundreds of metres to 1-2km (Neilsen and Augenstein, 2015).  
 
Local Geology, Alteration and Mineralisation 
 
The Thursday’s Gossan deposit is hosted by a deep marine volcano-sedimentary package 
comprising a basal pervasively serpentinised ultramafic and massive- to thinly-laminated 
turbidites with medium-coarse terrestrial sandstone bases, grading upward to siltstone / 
mudstone, volcaniclastic sandstone, volcaniclastic breccia, basalt, hyaloclastite andesite and 
dacite lava flows (Figure 3).   
 
The volcano-sedimentary package 
hosts a multiphase intrusion centre 
ranging in composition from calc-
alkaline to sub-alkaline diorite to dacite 
considered chemically fertile for 
porphyry-style mineralisation. 
Emplacement of these intrusions and 
associated polyphase mineralisation 
was controlled by movement and 
subsequent reactivation of the locally 
expressed North South Fault (NSS), 
related NW faults, and an inferred NE 
striking Copper Lode Splay (CLS) 
(Figure 4). The Cayley Lode is hosted in 
a steeply SW dipping, NW oriented 
structure proximal to the serpentinised 
ultramafic contact in the Ultramafic 
Contact Fault (UCF).  It is likely that a 
number of parallel and sympathetic 
structures remain to be identified.  Late 
mineral intrusions genetically-related to 
the porphyry system were emplaced on 
a number of these structures before a 
series of low volume, post-mineral 
intrusions crosscut the intrusive 
complex.  
 
Intrusive relationships at Thursday’s Gossan are defined based on the observation of: the 
intensity of veining, alteration, and mineralisation, truncation of veinlets, chilled or flow 

Figure 3.  Thursday’s Gossan local geology. 
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banded margins and the presence of xenoliths (Sillitoe, 2000). Applying these criteria to 
rocks at Thursday’s Gossan defines intrusions as Pre-Mineral Intrusions, Early Porphyries, 
Inter-Mineral Porphyries, Late Mineral Porphyries and Post-Mineral Intrusions in the 
following sequence of emplacement. 
 
Pre-Mineral Intrusions 

1. Microdiorite Porphyry (MDP) 
2. High Phosphorous Microdiorite (HPMD) 
3. Early Dacite Porphyry (EDP) 

Early Porphyry 
4. Victor Tonalite Porphyry (VTP) 
5. Quartz Diorite Porphyry (QDP) 

Inter-Mineral Porphyry 
6. Inferred Porphyry 3 (IP3) 
7. Inferred Porphyry 4 (IP4) 

Late Mineral Porphyry 
8. Late Mineral Dacite (LD) 
9. Late Microdiorite (LMD) 

Post Mineral Intrusions 
10. Monzogabbro (MG) 
11. Lamprophyre Dyke (LAMP) 
12. Lalkaldarno Porphyry (LKP) 
13. LKD Diorite Dyke (LKD) 
14. Microgabbro Dyke (MGD) 

 
Pre-mineral intrusions include the Microdiorite Porphyry (MDP), the High-Phosphorous 
Microdiorite (HPMD) and the Early Dacite Porphyry (EDP).  The HPMD is characterised by 
+3,000ppm P and commonly +1% Ti.  It is enigmatic as it does not appear to have any 
genetic relationship to any of the other intrusions in the prospect area (Figure 4). 
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Figure 4.  MORB-normalised spidergram showing the unique composition of the high-phosphorous 
microdiorite. 

Early porphyry phases include the Victor Tonalite Porphyry located in the centre of the large 
1km by 4km alteration system (Figure 5) and the Quartz Diorite Porphyry (QDP) mainly 
located in the northern portion of the prospect area and the focus of much of the early 
Stavely Minerals Limited drilling.  The QDP is believed responsible for the intense quartz-
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magnetite porphyry M-style veins (using the classification of Arancibia and Clark, 1996) 
veining in the apical portions and margins of the QDP, and extending into the HPMD and 
other host units (Photo 1 and Figure 6). Unfortunately, the porphyry M vein event is sparsely 
copper mineralised (Photo 2). 
 

 

Figure 5.  Thursday’s Gossan alteration zonation.  Note that the large 4km x 1.2km alteration zonation 
is largely concentric around the early Victor porphyry and that later intrusive phases hosting 
porphyry A, M and D veins and lode-style copper mineralisation occur in the northern half of 
the alteration system.  The red hatch is the chalcocite-enriched blanket projected to surface 
(modified from Spencer, 1996). 

 
Photo 1.  High-density porphyry M veins hosted in the quartz diorite porphyry (drill hole SMD015). 

javascript:;
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Figure 6.  Thursday’s Gossan Schematic cross-section showing the host lithologies, occurrence of 
porphyry A veins and M veins with annotated ɗ34 sulphur isotope results. 

 
Photo 2.  ‘Wavey’ porphyry A vein with minor chalcopyrite cutting laminated M vein (drill hole SMD017). 

The QDP is cut by a large number of quartz-pyrite porphyry D-style veins (using the 
classification of Gustafson and Hunt, 1975) inferred to have emanated from an unseen 
Inferred Porphyry 3 as late-stage veins to that porphyry (or from the deeper magma chamber 
related to the QDP).  These porphyry D veins were subsequently brecciated / reopened and 
in-filled by later assemblage with a paragenetic sequence of chalcopyrite ± bornite ± 
chalcocite ± covellite ± enargite ± digenite ± tennantite ± colusite (Cu13VAs3S16, Ashley, 
2019) interpreted to be part of a later prograde mineralising event associated with unseen 
Inferred Porphyry 4 (Photos 3 (a) and (b)). Early copper-phase mineralisation can be 
associated with quartz-hematite-specular hematite-chalcopyrite or magnetite-chalcopyrite.  
In total, four porphyry alteration / mineralisation events have been noted and inferred at 
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Thursday’s Gossan.  Pre-discovery lode-style intersections were primarily identified at 
depths of between 500-1,050m down-hole in the CLS and NSS structures. 

 

 
Photo 3(a) and (b).  Early massive pyrite porphyry D veins are brecciated and in-filled with high-tenor 

copper sulphides in the NSS (drill hole SMD044W1- 859m); (a) bornite and covellite 
in-fill, (b) bornite(purple), covellite(blue) and hypogene chalcocite (grey). 

Recognition of the ‘Magma’ character of these deeper drill intercepts resulted in a revised 
exploration strategy to look for shallower expressions of this lode-style of mineralisation.   
This resulted in drill hole SMD050 designed to test below a previous aircore drill hole that 
had returned 4m at 2.0% Cu, 0.33g/t Au and 18g/t Ag from 22m vertical depth.  SMD050 
returned 32 meters at 5.88% Cu, 1.00g/t Au and 58g/t silver from 62m drill depth, including 
2m at 40% Cu, 3.00g/t gold and 517g/t silver (Photo 4 and Figure 7). The blind lode 
approaches the surface on the north-eastern margin of a supergene copper blanket at 
Thursday’s Gossan. Other deep intersections on the North-South Structure have been at drill 
depths in-excess of 1,050m (drill hole SMD045) and the expectation is that the Cayley Lode 
mineralisation hosted in the UCF will likewise extend to similar depths. 

 

Photo 4.  A massive sulphide interval from 82.6m to 89.4m drill depth in SMD050. Note the early massive 
pyrite porphyry D vein is cut buy bornite-dominant copper sulphide mineralisation. 
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Figure 7.  Drill hole SMD050 section. 

The steep west-dipping Cayley Lode is localised at within a flexure on the steeply SW 
dipping, NNW trending UCF structure, generated by a component of sinistral strike-slip 
movement on the sheared contact between magnetite-bearing serpentinite and a younger, 
structurally-overlying Stavely volcano-sedimentary and intrusive package to the south west. 
Exploration to date has traced the Cayley Lode for at least 1,500m along strike, and to a 
depth of over 300m down-dip. 
 
Disproportionation of SO2 volatiles exsolved from the depressurised, rapidly rising ore fluid 
within the host structure provided the progressively lower pH fluid character which accounts 
for the copper sulphide zonation. The low pH character of the fluid results in observed 
dissolution textures in the footwall serpentinite (Photo 5).  It is surmised that the dissolution 
of serpentinite has enriched the low-pH fluid with nickel, chrome and cobalt and these 
elements are often observed in elevated concentrations in mineralised intervals spatially 
separated from any serpentinite.  In extreme instances, the nickel dissolved in the 
mineralising fluid is believed to have precipitated higher up in the system in the form of nickel 
sulphides millerite and violarite (Ashley, 2020) resulting in a mineralised intercept just below 
the discovery copper intercept in drill hole SMD050 of 4.4m at 3.98% nickel, 0.23% cobalt 
and >1% chrome from 94m down-hole (Figure 7). 
 
The broader Thursday’s Gossan prospect scale alteration zonation is concentric around the 
earlier Victor porphyry centred to the south of the Cayley Lode.  That alteration system is 
characterised by a large phyllic alteration halo around a pervasive central argillic to 
intermediate argillic alteration blanket with kaolin-dominant alteration to ~300m depth.  The 
Victor porphyry has well-developed porphyry B veins associated with minor molybdenum 
mineralisation and very little preserved (if ever present) copper mineralisation.   
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Photo 5.  Brecciated serpentinite displaying dissolution textures. 

Local alteration around the structurally-controlled lode-style copper mineralisation in the 
Cayley Lode and elsewhere is characterised by a narrow (~10m) alteration selvage of 
pyrophyllite and rare alunite.  There would appear to be very constrained fluid / wallrock 
interaction in contrast to typical high-sulphidation / porphyry-related acid-sulphate systems.  
Upper levels display potassium addition and sodium depletion in the hangingwall to the 
controlling structures however, sodium addition increases at depth with albite alteration (and 
very low sulphide abundance) of the QDP noted at depths below 1,000m suggesting a 
barren root zone to the QDP that may have been too hot for copper sulphide precipitation.  

 

 

Figure 8.  Cayley Lode long-section showing the south-easterly plunge and peripheral base-

metal / precious-metal mineralisation. 

The well-developed copper-gold-silver Cayley Lode mineralisation plunges to the southeast 
in the plane of the UCF (Figure 8). Mineralisation is both spatially and temporally zoned 
with very low abundance of high-sulphidation sulphide species noted at shallow depths 
while deeper mineralisation displays an increasing abundance of higher-sulphidation and 
more arsenical copper sulphides enargite, tennantite-tetrahedrite and colusite at depth, 
especially noted in the North-South Structure. Distal drill intersections demonstrate 
evolution of the mineralising system to a more base-metal / precious-metal character in a 
similar fashion to the peripheral Magma vein system (Figures 8 and 9) that was initially 
mined for near-surface silver (Ransome, 1912). 
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Figure 9.  Long-section of the Magma Vein showing sulphide species distribution. Note that the 
Resolution wall-rock hosted porphyry has typical porphyry quartz-chalcopyrite veins and 
there is a zonation to high-sulphidation copper sulphides towards the top of the 
Resolution mineralisation.  Likewise, the Magma vein at depth hosts higher-sulphidation 
copper sulphide species which are zoned to lower-sulphidation assemblages both 
vertically and laterally (Corbett, 2020). 

 
Figure 10.  ɗ34 Sulphur isotope results.   

The sulphides associated with mineralisation, both the earlier pyritic porphyry D veins and 
the copper lode-style mineralisation demonstrate light ɗ34 Sulphur isotopes indicating a 

strongly oxidised magmatic fluid was responsible for the copper-gold-silver mineralisation at 
Thursday’s Gossan (Figures 6 and 10).  The mineralising fluids were both oxidised and low 
pH and it is believed these characteristics enhanced metal carrying capacity. 
 
The Late Mineral Dacite and Late Mineral Microdiorite cuts all of the preceding intrusions.  
Post-mineral intrusions include the Cambrian monzogabbro, the lamprophyre dyke and the 
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unaltered / unmineralised Cambrian Lalkaldarno porphyry.  The LKD diorite dyke is dated as 
Devonian (circa 400Ma) and is cut by the undated microgabbro dyke(s).  
 
The Cayley Lode character and setting are remarkably similar to descriptions of the Magma 
Vein, Arizona (Hammer and Peterson, 1968) and other similar porphyry-related copper lode 
occurrences such as Butte, Montana. 
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