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Rocklands Cu-Co deposit

OVERVIEW
Discovered in 2006, Rocklands comprises sev-
eral zones of copper-cobalt-gold mineralisa-
tion located approximately 8 km northwest of 
Cloncurry. Open pit mining activity commenced 
in 2012 with associated processing commenc-
ing in 2016. The project has been on care and 
maintenance since 2018.

LOCATION

Geological Domain
Mitakoodi Domain, adjacent to the boundary 
with the Canobie Domain (Fig. 13.1, 13.2), 
Eastern Fold Belt.

Co-ordinates
Lat: 20° 40’ 21.03” S   Long: 140° 21’ 49.12” E 
MGA Zone 54: 433,720 mE; 7,713,966 N

NATURE OF MINE
Mined Commodities
Copper, cobalt, gold and iron. Concentrates 
produced included native copper, copper sul-
phide, Co-bearing pyrite and magnetite.  

Mining Method
Trial mining commenced in 2012 extracting 
13.8 Mt of ore and waste via open pits at Las 
Minerales and Southern Rocklands generating 
2.2 Mt of stockpiled ore. 
Mining was by a conventional open pit blast, 
shovel and truck operation with 10 m high 
benches.
A fixed crushing plant and concentrator was 

designed to treat 3.0 million tonnes per year. 
Native copper was recovered by jigs and grav-
ity spirals and tables. Differential flotation for 
copper sulphide and pyrite concentrates and 
magnetic separation to recover magnetite from 
flotation tails. 

Depth of Mining
The final mined depth at the open cuts prior to 
closure in 2018 is not known. The depth of the 
LM2 pit at Las Minerale was at 90 m in 2017. 
The 2016 Feasibility Study proposed a final 
pit shell with a floor at –120RL (approximately 
340 m below surface) for the Las Minerale and 
Rocklands South pits.

ORIENTATION AND DIMENSIONS OF 
MINERALISED BODIES
Mineralised bodies
The principal mineralised bodies at Rocklands 
are the Las Minerale and Rocklands South 
(previously named Double Oxide) and Rock-
lands South Extension ore bodies (Fig. 13.5).
Other subparallel NW-SE striking mineralised 
bodies include Le Meridian and Rocklands 
Central which are located to the northeast of 
Rocklands South and Northern Siltstone and 
Rainden located northeast of Las Minerale 
(Fig. 13.5, 13.6).
Additional mineralised zones occur at Wilgar 
(Au-Ag-Te-U), Fairfield (Cu-Co-Au) and Sols-
bury Hill (Cu-Au) shown in Fig. 13.5.

Las Minerale
Las Minerale is a NW-SE striking, steeply 
southwest-dipping to sub-vertical ore body ap-
proximately 30-70 m thick with a strike length 
of approximately 1,800 m (Fig. 13.5; 13.6). Drill 
intersections suggest a down-dip extent of at 

least 600 m and the ore body remains open at 
depth (Fig. 13.5). Other subparallel ore bodies 
include Northern and Southern Siltstone locat-
ed to the northeast and southeast of the Las 
Minerale ore body, respectively (Fig. 13.5).

Rocklands South and South Extension
Ore grade shells are not available for Rock-
lands South and South Extension but the 3D 
rendered model (Fig. 13.5 and 13.6) shows the 
ore bodies are subparallel and strike NW-SE 
over a total length of more than 2 km (Fig. 13.5, 
13.6).

Rocklands Central and Le Meridian 
These ore bodies also strike NW-SE, subparal-
lel to Las Minerale (Fig. 13.5) with a strike length 
of approximately 800 m. The mineralised zones 
dip sub-vertically to steeply SW (Fig. 13.6). 

Rainden 
Located east of Las Minerale, Rainden has a 
less elongate nature, with broadly equant di-
mensions of approximately 600 x 400 m (Fig. 
13.5). It is part of the ‘Eastern Anomaly’ target 
zone that appears to be related to the Fairfield 
and Solsbury Hill prospects towards the north 
(Fig. 13.5).  

PRODUCTION
Historic Production
Minor historic production at Rocklands dates 
between 1968 to 1972 from an open pit in the 
Fairfield prospect, 2 km northeast of Las Miner-
ale (Fig. 13.3).

Aerial view of the Rocklands mine and mine infrastructure (Image from Australian Mining)
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Recent Production
CuDeco (2018) reported that 2.3 Mt of ore was 
processed between December 2015 and 31 
December 2017, extracted from the LM1 and 
LM2 pits at La Minerale.
Half year (Q1 and Q2, 2017) production was 
843,908 tonnes mined and 897,388 tonnes 
processed (including stockpile material) with  
an average Cu grade of 1.07 %. Copper recov-
ery at 78 % led to production of 26,956 tonnes 
of copper, including native copper and copper 
concentrate (CuDeco, 2017). 

RESOURCES
Table 13.1 documents the measured, indicated 
and inferred resources for the combined ore-
bodies at Rocklands, inferring both open pit 
and underground mining methods. 
The current total resources (measured + indi-
cated + inferred) for Rocklands (CuDeco, 2017) 
are: 
• 55.4 Mt at 0.64 % Cu, 290 ppm Co, 0.15 g/t

Au and 5.1 % magnetite.

Figure 13.1. Regional location of Rocklands shown with 
respect to the Leichhardt River Structural Domain Map 
from the 2010 NWQMEP GIS.

An additional magnetite-only mineral re-
source (with sub-economic copper-cobalt-gold) 
was reported from the open pit comprising 
178.3 Mt at 15.1% magnetite, dominantly in the 
inferred category (CuDeco, 2016).

RESERVES
Proved and Probable ore reserves released by 
CuDeco (2016) were based only on the pro-
posed open pits:
• 28 Mt at 0.71 % Cu, 357 ppm Co, 0.14 g/t

Au, and 6.7 % magnetite.

TOTAL IN SITU METAL
Estimated total metal contents at Rocklands 
based on the 2017 resource estimate (Table 
13.1) indicate:
• 353,000 tonnes of Cu
• 264,000 ounces of gold

HOST ROCKS
Mine Stratigraphy
Rocklands is hosted by Proterozoic-aged 
metasedimentary and volcanic units that in-
clude siltstone, sandstone (quartzite) with jas-
pilite and calc-silicate rocks (Beams, 2009). 
The deposits are located within the axis of 
the northeast plunging Duck Creek Anticline 
(O’Dea et al., 2006; Beams, 2009; Fig. 13.3). 
The Argylla Formation (1,790 - 1,775 Ma) is the 
basal unit in the region comprising metavolca-
nics and metasedimentary units and is overlain 
by the Bulonga Volcanics which together repre-
sent early volcanic activity (1,770 - 1,755 Ma). 
Overall, the mine stratigraphy represents a 
period of extension and sedimentation with 
deposition of a lower stratigraphic sequence 
belonging to the Mitakoodi Quartzite (1,775 ± 
7 Ma) and an overlying jaspilite assigned to the 
Overhang Jaspilite (Fig. 13.4). The metasedi-
mentary sequence strikes east-southeast, dip-
ping shallowly and younging to the northeast 
(Beams, 2009). In the proximity of the ore bod-
ies, the stratigraphy dips broadly to the N and 



Chapter 13 Rocklands

447Northwest Mineral Province Deposit Atlas

Figure 13.2. Regional location of the Rocklands Cu-
Co-Au deposits overlain on an image of total magnetic 
intensity from the GADDS data for the region.

Resource Category Mining 
type

Cut off grade Tonnes 
(Mt)

Estimated grade Copper 
Equ.

Contained Metal

CuEq % Cu % Cu % Co ppm Au ppm Mag % CuEq % Cu (t) Au (oz)
Measured OP 0.2 0.1 37.1 0.63 303 0.14 5.6 0.8 235,414 165,000

UG 0.6 0.1 1.3 1.36 366 0.22 2.0 1.6 17,690 9,000
Subtotal 38.4 0.66 305 0.14 5.5 0.9 253,105 174,000
Indicated OP 0.2 0.1 9.3 0.35 254 0.10 6.7 0.5 32,205 34,000

UG 0.6 0.1 7.0 0.92 257 0.23 1.2 1.1 64,410 51,000
Subtotal 16.3 0.59 255 0.16 4.3 0.8 96,615 86,000
Inferred OP 0.2 0.1 0.2 0.36 203 0.14 4.9 0.5 907 1,000

UG 0.6 0.1 0.4 0.74 249 0.26 1.3 1.0 3,175 3,000
Total OP 0.2 0.1 46.7 0.58 293 0.13 5.8 0.8 268,527 200,000

UG 0.6 0.1 8.7 0.97 273 0.23 1.3 1.2 84,822 64,000
Grand Total 55.4 0.64 290 0.15 5.1 0.9 353,000 264,000

Measured, indicated and inferred resources for open pit (OP) and potential underground (UG) mining types at Rocklands (CuDeco, 2017). 

Table 13.1. Combined Resources for the Rocklands deposits (CuDeco, 2017).
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Table 13.2 Reserves for the combined Rocklands deposits (CuDeco, 2016). 

Category Tonnage 
(Mt) 

Cu % Co % Au (g/t) Magnetite %

Proved 23 0.77 382 0.15 7.1

Probable 5 0.45 232 0.11 5.0

Total 28 0.71 357 0.14 6.7

Figure 11.3. Simplified geological map of the Mitakoodi Culmination and the Duck Creek 
Anticline (From O’Dea et al. 2006). 

ship between mineralisation and the dolerite 
bodies and parallel structures at Las Minerale 
and Northern Siltstone respectively (CuDeco, 
2011; Fig. 13.7). Las Minerale is associated 
with a steeply dipping quartz-carbonate vein 
and breccia system at depth, oriented sub-par-
allel to dolerite dykes (Fig. 13.7). 

Sandstone-siltstone and associated 
sedimentary breccias of the Overhang Jaspi-
lite hosts mineralisation at Rocklands South, 
Northern Siltstone, Southern Siltstone, Le Me-
ridian and Raindon (Fig. 13.7). 

Minor Host Rock
Minor host rock units include sandstone and 
siltstones of the Overhang Jaspilite at Northern 
Siltstone (Fig. 13.7). Minor so-called magnet-
ic sedimentary units occur at Rainden where 
mineralisation is largely hosted in Overhang 
Jaspilite and occurs as steeply plunging arrays 
parallel in orientation to dolerite dykes (Section 
16,000mE; Fig. 13.7).  

NE and is cross-cut by steeply dipping to verti-
cal dolerite dykes (Fig. 13.7).  

Regionally extensive Paleoproterozo-
ic dolerite and gabbro dykes and sills intrude 
the metasedimentary sequence (Fig. 13.4) and 
have been variably metamorphosed to amphi-
bolite facies. These intrusions are steeply dip-
ping, dyke-like features, apparently closely re-
lated to mineralisation (Beams, 2009). Recent 
to Tertiary-aged colluvium and alluvium partly 
covers the deposits. Weathering of the base-
ment rock occurs to a depth of 20 m in the area 
of the mine (Beams, 2009; Fig. 13.4).   

MAJOR AND MINOR HOST ROCK
The various Cu-Co-Au ore bodies at Rocklands 
are hosted by the metasedimentary units of the 
Overhang Jaspilite and metadiorite dykes and 
intrusions (Fig. 13.5; 13.7; Beams, 2009). 
Major Host Rock 
Major host rock units include a NW-SE trend-
ing, NE dipping dolerite body located to the 
west of the NW-striking major fault that tran-
sects the Las Minerale ore body (Fig. 13.5). 
There is a close spatial and geometric relation-

INTRUSIVE ROCKS IN REGION 
Granitoids 
Regionally, the Williams - Naraku Granite oc-
curs to the northeast of the Duck Creek Anti-
cline (Fig. 13.3) and forms part of the last major 
felsic intrusive event in the Mt Isa Inlier, com-
prising high uranium I-type granites (Wyborn, 
1998). 

In the Rocklands area, Naraku Gran-
ite (1,500 - 1,550 Ma; Wyborn et al. 1998) 
includes the Malakoff Granite comprising a 
medium-grained biotite granite, occurs 5 km 
northeast of the Rocklands deposit (Pgwm; Fig. 
13.4). The Levian Granite (PLglv; Fig. 13.4) is 
a medium-grained, biotite granite to felsic mag-
netite bearing porphyry cropping out 5 to 6 km 
east of Rocklands. 

Mafic Intrusives 
Dolerite (or metadolerite, metagabbro) out crop 
extensively in the Eastern Succession of the 
Cloncurry region (Maughan, 2016) and more 
locally within the Rocklands deposits (Fig. 13.4; 
13.7).
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Figure 13.4. 100 K scale geological mapping of the 
Rocklands region, located NE of the Duck Creek Anti-
cline shown in Figure 13.3. Inset mine geology map is 
shown in Figure 13.5. 

Variation in grain size classify these maf-
ic units as dolerite, meta-gabbro or meta-basalt 
(Maughan, 2016) with possible ages ranging 
between 1,100 and 1,800 Ma (Page and Sun, 
1998; Forster and Austin, 2008). At the Las 
Minerale deposit, Maughan (2016) document-
ed several phases of fine- to medium-grained 
dolerite showing a moderate degree of hydro-
thermal alteration. These dolerites comprise 
albite, hornblende, biotite, actinolite, chlorite, 
sericite and magnetite along with chalcopyrite 
associated with Cu-Co-Au mineralisation.  

Maughan (2016) identified geochemical 
and geochronological similarities between the 
dolerites at Rocklands and regionally extensive 
intrusions within the Cloncurry region which are 
spatially and temporally related to IOCG (Cu-
Co style) mineralisation.   

METAMORPHIC GRADE
The Selwyn Zone of the Eastern Fold Belt near 
Cloncurry has been subject to locally high strain 
deformation and metamorphism up to amphib-
olite facies (Blenkinsop et al. 2008).  

Host rocks at Rocklands stratigraphi-
cally belong to the ‘Cover Sequence 2’ of the 
Eastern Succession as defined by Blake (1987) 
and modified by Forster and Austin (2008). De-
formation associated with the Isan Orogeny 
(1,600 Ma) included E-W compression (D1) 
until ca. 1,500 Ma causing basin inversion and 
associated metamorphism (Blenkinsop et al. 
2008). Peak metamorphism occurred during D2 
(amphibolite facies; Mark et al. 2006) including 
intrusion of of the Williams - Naraku Batholiths 
(1,550- 1,500 Ma).     

STRUCTURAL CHARACTERISTICS 
Structural Setting 
The Rocklands deposits occur within a sub-par-
allel series of ESE trending linear zones which 
correspond to the structural trend of dolerite 
intrusions (Fig. 13.5). The stratigraphy in the 
region of the Rocklands deposits dips N to NE.

An unnamed NW-striking fault (Fig. 13.5; 
13.8) centered on the Las Minerale and Le Me-
ridian deposits offsets the mine stratigraphy 
and is associated with a series of quartz-car-
bonate breccias and veins (Fig. 13.7). 

Structural Elements 
A detailed structural study is not available/not 
been carried out at the Rocklands deposits 
however, two main structural domains have 
been described by CuDeco (2011). The Las 
Minerale structural domain 1 comprises a near 
surface vertical orientation of mineralisation and 
brecciation and structural domain 2 at depth is 
sub-vertical, and south dipping below approxi-
mately 100 mRL (Fig. 13.7 section 11,000mE).  



Chapter 13Rocklands

450 Northwest Mineral Province Deposit Atlas

Figure 13.5. Geology of the Rocklands Cu-Co-Au deposits and nearby prospects. Modified from CuDeco (2011). SW-NE oriented schematic geology sections are shown in 
Figure 13.7.

Figure 13.6. 3D Geometry of the Rocklands Cu-Co-Au deposits and nearby prospects. Modified from CuDeco (2011). Note projection is looking south, 
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Figure 13.7. Northeast-southwest oriented geology section lines through the main Rocklands 
deposits (Modified from CuDeco, 2011). Refer to Figure 13.5 for section locations.

SW NE

SW NE

Legend
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Figure 13.8. Geoscience Analyst screenshot of the 
modelled NW striking fault at Rocklands controlling 
mineralisation at Las Minerale and Le Meridian. 
Ore lenses occur sub-parallel to this main structure 
(green), together with dolerite intrusions (pink) show-
ing distinct thickening into the hanging wall. 

Structural History 
The structural history of the Rocklands area is 
summarised by: 
• Basin formation and volcanic, volcani-
clastic and sedimentary rock deposition (Ar-
gylla Fm., Marraba Volc., Mitakoodi Quartzite,
Overhang Jaspilite; 1,760 - 1,750 Ma) in gra-
bens (east of the Pilgrim Fault; Foster and Aus-
tin, 2008) of the Leichhardt Superbasin (O’Dea
et al. 2006).
• Basin inversion and fault reactivation
during Isan Orogeny (D1; 1,650 - 1,580 Ma)
including NNW directed compression (folding
and thrusting) and greenschist to amphibolite
metamorphism (O’Dea et al. 2006) in the Mita-
koodi Culmination.
• Shortening and emplacement of felsic
granites (Williams Granite) associated with D2
(1,580 - 1,500 Ma) regional formation of folds
including the NE oriented Duck Creek and Bu-
longa Anticlines (O’Dea et al. 2006) associated
with NW shortening.
• D3 re-folding of D2 structures and fault-
ing including high angle basement-rooted de-
tatchments (O’Dea et al. 2006).

Controlling structure
As described above and illustrated in Fig. 13.8, 
a series of sub-parallel NW-striking, SW dip-
ping structural domains that has influenced em-
placement of dolerite dykes which are locally 
associated with hydrothermal vein and breccia 
formation at Las Minerale and Le Meridian (Fig. 
13.7, 13.8; Beams, 2009). These structures cut 
shallow dipping stratigraphy at high angles and 
are interpreted to have represented major hy-
drothermal fluid pathways during mineralisation 
(Beams, 2009). The dolerite body at Las Miner-
ale and Le Meridian thickens into the hanging 
wall of this structure (Fig. 13.8). 

WALL ROCK ALTERATION
A detailed documentation of the wall rock alter-
ation characteristics at Rocklands has not been 
carried out or made publically available. Over-
all, several reports by CuDeco (2009, 2011) re-
port consistency of the general alteration char-
acteristics with that of iron oxide copper gold 
(IOCG) deposits in the Cloncurry region and 
more regional crustal scale metasomatism in 
the Eastern Succession (Betts et al., 2007).   

General Characterisatics
Regionally extensive alteration in the Cloncurry 
area includes 
1) Paragenetically early alteration related to re-
gional Na-Ca metasomatism (ca. 1,760 - 1,730
Ma (Betts and Giles, 2006)
2) Second regional Na-Ca metasomatic event
related to intrusion of Williams-Nakaru Batho-
lith (ca. 1,550 - 1,500 Ma; Wyborn, 1998).
3) Local Fe-K enrichment associated with min-
eralisation and enrichment in K, Rb and Ba
(Mark et al. 2006).

Maughan (2016) summarised alteration 
effects in the regionally extensive dolerite and 
other mafic units as being dominated by re-
placement of primary plagioclase by albite and 
pyroxenes to amphibole and actinolite during 
regional metamorphism and metasomatism. 
Further alteration of these products to mag-
netite, scapolite, sericite, biotite, carbonate, 
chlorite and epidote is characteristic of Cu-Co 
related  mineralisation (Maughan, 2016) show-
ing a trend from early, to syn-mineralisation to 
retrograde alteration (Table 13.3).  

Halo
Internal reports by CuDeco suggest the alter-
ation style is consistent with other IOCG de-
posits in the Cloncurry region (CuDeco, 2011). 
Initial reports from the Rocklands discovery 
(Australian Mining Investments Limited, 2006) 

documents association of hypogene Cu-Co 
mineralisation in magnetite-rich ‘ironstone’ as-
sociated with locally massive pyrite, with simi-
larities to Ernest Henry. Supergene mineralisa-
tion near surface contains azurite and malachite 
in the upper oxide zone. 

An extensive documentation of alter-
ation paragenesis at Rocklands has not been 
undertaken. However, Beams (2009) briefly 
outlines that mineralisation is accompanied by 
a characteristic high temperature alteration as-
semblage comprising biotite, actinolite, K-feld-
spar and hematite dusted albite, magnetite 
and barite (Maughan, 2016). Mineralisation 
occurred largely by hydraulic fracturing and 
brecciation of impermeable units (sandstone, 
siltstone) forming jigsaw-type breccias. Subse-
quent modification and replacement by milled, 
matrix supported breccias with rounded clasts 
(Beams, 2009). 

Beams (2009) summarises the parage-
netic mineralogical sequence as: 
1) Formation of secondary biotite in the wall
rock blocks (high temperature assemblage)
2) Infill by actinolite and magnetite as a typical
crackle breccia or jigsaw breccia
3) Further infill by calcite, pyrite, chalcopyrite,
magnetite and quartz
4) Leaching of hydrothermal carbonate forming
collapse breccias and followed by late carbon-
ate infill

Table 13.3. Paragenetic sequence of regional and local 
alteration in IOCG systems in the Cloncurry region 
(from Maughan, 2016).
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Figure 13.10. Drill hole image from metallurgical hole DODH017 highlighting the transition from malachite and azurite dominated mineralisation in the upper oxide zone, 
to chalcocite and native copper in the enriched supergene zone and chalcopyrite in the primary zone. Drilling results were 32 m at 1.18 % Cu from 3 to 35 m; 76 m at 
8.18 % Cu between 40 and 116 m (From CuDeco, 2009).   

Figure 13.9. Supergene and primary sulphide ore being mined concurrently in the LM2 open pit at 190 mRL (CuDeco, 2016).  

5) Extensive acid leaching during oxidation at
the surface developing supergene Cu zones at
Las Minerale and Rocklands South.

MINERALISATION
Rocklands is characterised by a distinct su-
pergene enriched oxide zone overlying prima-
ry (hypogene) copper sulphide mineralisation 
(Fig. 13.9; 13.10; 13.11 and 13.12).

Hypogene/Primary Cu-Co mineralisation
Primary copper mineralisation is characterised 
by coarse grained intergrowths of chalcopy-

rite as breccia infill with pyrite, calcite, actino-
lite, magnetite and quartz (Fig. 13.10; Beams, 
2009). Locally, zones of massive chalcopy-
rite-pyrite comprising up to 50 % by volume of 
sulphides occur at Rocklands.  
There is a close relationship between hypo-
gene mineralisation and structural domains at 
Las Minerale (CuDeco, 2009; Figs. 13.11 and 
13.12) indicating that faulting was a controlling 
factor in mineralisation. Steeply dipping normal 
fault (Structure 1) and Structure 2 a vertical 
strike slip fault are perpendicular to the strike 
of the Las Minerale deposit (Figs. 13.11 and 
13.12). High grade chalcopyrite mineralisation 
is inferred to occur at a structurally complex in-
tersection (Fig. 13.13). 

Semi-massive copper sulphide occurs at 
Rocklands South with characteristic quartz-cal-
cite breccia (Fig. 13.14). This intersection indi-
cates continuation of hypogene mineralisation 
to depth (Fig. 13.15). Gold grades are variable 
in the hypogene zone but overall range from 
0.2 to 0.5 g/t with localised high grade domains 
exceeding 2.2 g/t being common at depth 
at Rocklands South (CuDeco, 2013, 2016a, 
2016b). 

Supergene oxide mineralisation    
The supergene zone at Rocklands reaches 
depths of up to 100 m at Las Minerale (Figs. 
13.9 and 13.12). Surface outcrops are char-
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Figure 13.12. Las Minerale schematic long section with the location of oxide (supergene chalcocite zone) and primary ore zone dominated by chalcopyrite and pyrite 
(From CuDeco, 2009).   

Figure 13.11. Las Minerale schematic plan section with the location of native copper and oxide (supergene chalcocite zone) and primary ore zone dominated by chalco-
pyrite and pyrite (From CuDeco, 2009).   
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Figure 13.13. Photos from DDOH069 Las Minerale showing high grade mineralisation in an inferred structurally intense intersection dominated by chalcopyrite and 
pyrite and calcite, quartz and actinolite breccias. Grade intersection of 302 m at 2.30 % Cu eq. (From CuDeco, 2009; 9 December, 2009).   

Figure 13.14. Drill hole DODH473 from Rocklands South showing an intersection of semi-massive chalcopyrite and pyrite in calcite, quartz and actinolite breccia. Grade 
intersection from 154 to 156 m of 14.4 % Cu eq. Location of DOD473 is shown in Fig. 13.15 (CuDeco, 2013; 14th August 2013).   
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acterised by siliceous breccia, highly leached 
of copper but with minor malachite and azurite 
which increases with depth as fracture filling 
and patches sub-surface. The oxide zone is 
thin (Fig. 13.12) at Las Minerale <5 m thick with 
cuprite, azurite, malachite and chalcocite. 

The enriched supergene zone (Fig. 13.9) 
at Las Minerale and Rocklands South includes 
zones of massive chalcocite (Figs. 13.15). 
Leaching of copper from the near surface and 
re-precipitation at the base of oxidation forming 
coarse nuggets (Figs. 13.16 and 13.17; Beams, 
2009). Native copper occurs as fracture fillings 
and coatings in Fe-rich units and may be asso-
ciated with collapse breccias due to the acidic 
nature of leached fluids (Beams, 2009). Water 
table fluctuations have led to variable develop-
ment of supergene chalcocite and secondary 
native copper (Fig. 13.18) and chalcocite (Fig. 
13.19). 

Cobalt mineralisation
The association between Cu and Co at Rock-
lands is well established by coincident assays 
with Co ranging between 500 to 1,800 ppm and 
up to 3,390 ppm in hypogene zones (Beams, 

Figure 13.15. Location of drill hole DODH473 from Rocklands South with mineralised intersection of semi-massive chalcopyrite (CuDeco, 2013; 14th August 2013).   

2009). Cobalt bearing minerals have been 
identified and include visible occurrences of 
silver-metallic coloured phases likely to be co-
baltite (Beams, 2009). Cobalt is considered to 
have a close association with pyrite. 

Metallurgical test work by Cobalt Blue 
Holdings (2018) explored the potential to ex-
tract a Co-rich pyrite concentrate at Rocklands. 
This indicated that at the time of reporting (Cu-
Deco, 2018) Rocklands was producing 1.4 
tonnes of pyrite concentrate daily, via flota-
tion and the 2015 resource estimated 16,500 
tonnes of contained Co at Rocklands. Beams 
(2009) indicates that the Co content of the ox-
ide zone is similar to that of the sulphide zone 
(500-1,800 ppm) but no mineralogical study ap-
pears to have been carried out. 

PETROPHYSICAL PROPERTIES
Density
Feasibility studies released by CuDeco (2016) 
report bulk densities of the mineralised zones 
for resource estimation purposes to be:

• Oxide: 2.28 gm/cm3

• Semi-oxide: 2.70 gm/cm3

• Native copper: 2.50 gm/cm3

• Chalcocite: 2.75 gm/cm3

• Primary mineralised: 2.9 gm/cm3

• Fresh: 2.75 gm/cm3

In general, the bulk density determinations 
based on 3,002 measurements (CuDeco, 
2016a) show and an increase in density from 
oxide to primary sulphide ore and increase with 
Cu grade and magnetite grade.

GEOPHYSICAL EXPRESSION
Surface geophysical techniques have been ef-
fective in mapping out major mineralised struc-
tures in the Rocklands region (Beams, 2009).

Aeromagnetics 
Regional-scale aeromagnetics (Fig. 

13.20) highlight high magnetic intensity units 
including dolerites and low magnetic intensity 
units such as sedimentary units. Aeromagnetic 
surveys by CuDeco (Fig. 13.21) highlight local 
geological features including dolerite units as 
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Figure 13.16. Large 2,500 kg boulder of chalcocite and azurite at Las Minerale open pit (CuDeco, 2014; 4th July 
2014).   

Figure 13.17. Stockpiled supergene ore from Las Minerale open pit including native copper (CuDeco, 2014; 4th 
July 2014).   

magnetic highs, including magnetite-rich iron-
stones. Magnetic lows are characteristic of the 
host metasediments which may host minerali-
sation (Fig. 13.21).   

Gravity
Rocklands is located in the region of a grav-
ity high (Fig. 13.22) with local-scale gravity 
(Fig.13.23) showing district scale variability 
associated with low density sedimentary units 
and higher density dolerite. 

RADIOMETRICS
Airborne regional radiometric surveys corre-
sponding to the 1:100,000 scale geological map 
(Fig. 13.4) are shown in Figs. 13.25 to 13.27 for 
K, Th and U, respectively. A deposit-scale ra-
diometric analysis by CuDeco (2016) is shown 
in Figure 13.27 highlighting higher intensity at 
the Wilgar prospect and a SW anomalous zone 
compared to only moderate intensities at Rock-
lands.

CHARGEABILITY
IP surveys at Rocklands are shown in Figure 
13.29 and 13.30 along section 11,100 mE. A 
deposit-scale interpretation is shown in Figure 
13.31 highlighting higher chargeability at the 
Wilgar prospect and a SW anomalous zone 
compared to only moderate chargeabilites at 
Rocklands.

ASTER 

Processed ASTER imagery for the western 
Cloncurry region is shown in Figures 11.32 to 
11.34 from the processed database of the GSQ 
in collaboration with CSIRO. 
The processed data correspond to the 
1:100,000 geological map (Fig. 13.4) and in-
cludes three spectral bands highlighting: 
- Pyrophyllite ± alunite ± kaolinite at 2,165 nm
using ASTER bands 5, 6, 7 and 8 (Fig. 13.32)
- Chlorite ± epidote ± jarosite ± gibbsite ± do-
lomite ± magnesite for 2,265 nm index using
ASTER bands 5, 6, 8 and 9 (Fig. 13.33)
- Calcite ± talc ± actinolite at 2,330 nm using
ASTER band 5, 6, 7 and 9 (Fig. 13.34).
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Figure 13.18. Large 3,000 kg mass of supergene copper zone ore named “Ben Tellinya” including an estimated 40 % Cu eq. (CuDeco, 2013; 11th April 2013).   

Figure 13.19. High-grade secondary copper minerals in the supergene zone at Las Minerales. A) Sooty chalcocite; B) Supergene chalcocite; C) Cuprite. From CuDeco (2013; 
11th April 2013).   

A B C

Figure 13.20 (Right hand page). Regional aeromagnetic 
image (reduced to pole, first vertical derivative) of the 
Rocklands region.
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Aeromagnetics
RTP, 1VD
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Figure 11.21. District scale airborne magnetic surveys at Rocklands including Air 
Magnetics (Lower map) showing total magnetic intensity (TMI) and Sub Audio Mag-
netics (SAM; lower map) showing Total magnetic count (TMI); From CuDeco (2011).

Figure 11.22. Facing page (Right) Regional gravity data for Rocklands
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Figure 11.22 Aeromagnetic survey of the western Mount Isa region from QDEX data. 
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Figure 13.23. Local residual gravity survey at Rocklands (CuDeco, 2012).  

Figure 13.24. Local gravity inversion model at Rocklands (CuDeco, 2012).  
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Figure 13.25. Airborne radiometric (potassium, K) survey of the western Cloncurry region from QDEX data. 
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Figure 13.26. Airborne radiometric (Thorium, Th) survey of the western Cloncurry region from QDEX data. 
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Figure 13.27. Airborne radiometric (Uranium, U) survey of the western Cloncurry region from QDEX data. 
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Figure 13.28 Airborne radiometrics at Rocklands showing total radiometric count. The Las Minerale and Le Meridian/Rocklands South has a moderate radiometric response, 
compared to the high radiometric response at Wilgar prospect and an area identified as SW anomaly. From CuDeco (2010).

Figure 13.29 Induced Polarisation (IP) at Rocklands showing chargeability at approx. 100 m below the surface. From CuDeco (2010).
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Figure 13.31 Interpreted Induced Polarisation (IP) chargeability at Rocklands From CuDeco (2011).

Figure 13.30 Induced Polarisation (IP) chargeability at Rocklands shown on section line 11,100mE (From CuDeco, 2010).
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Figure 13.32 Processed ASTER image of western Cloncurry region showing relative intensity of the 2,165 nm feature (2,165 nm index for pyrophyllite, alunite, kaolinite).
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Figure 13.33 Processed ASTER image of western Cloncurry region - 2,265 nm index (chlorite, epidote, jarosite, gibbsite, dolomite, magnesite)
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Figure 13.34 Processed ASTER image of western Mount Isa region - 2,330 nm index (calcite, talc, actinolite)
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EXPLORATION GEOCHEMISTRY
There is limited coverage for rock chip and soil 
sediment chemical sampling in the QDEX data-
base for the Rocklands region west of Cloncur-
ry. The most comprehensive regional dataset 
is from the regional stream sediment data but 
this has low density sampling in the area im-
mediately adjacent to Rocklands (Figs. 13.35 
to 13.37). 

Stream Sediment Data
Regional stream sediment data for Cu, Pb and 
Zn are shown in Figs. 13.35, 13.36 and 13.37 
respectively, for the area west of Cloncurry 
based on un-levelled data from the QDEX da-
tabase. 

The data highlight elevated Cu in stream 
sediments approximately 5 km SW of Rock-
lands, broadly constrained to the folded Over-
hang Jaspilite in the Duck Creek Anticline (Fig. 
13.3 and 13.35). Low Cu concentrations in 
stream sediments proximal to Rocklands may 
be expected due to deep leaching and mobility 
of Cu in the oxidised profile. However, erratic 
occurrences of Cu between 100 and 250 ppm 
do occur <1 km from the Rocklands system. 
Lead and zinc in stream sediment analyses do 
not show significant dispersion patterns around 
Rocklands (Fig. 13.36 and 13.37). 

Whole rock geochemistry
No systematic rock chip multielement data 
is available from the Rocklands deposits. 
Maughan (2016) sampled several mineralised 
intervals of dolerite in drill core from Las Min-
erale. These samples had total REE contents 
consistent with late-stage evolution of doler-
ite source magmas in the Cloncurry region 
(Maughan, 2016). This REE enriched source is 
interpreted to be the same as the source for the 
I-type Williams and Nakaru Granite (Maughan,
2016). However, no geochemical or petrologi-
cal discriminators are able to distinguish barren
from mineralised mafic intrusions in the region.

TIMING OF MINERALIZATION
Relative Timing
Mineralisation at Rocklands is interpreted to oc-
cur after the emplacement of the main dolerite 
intrusions in the district based on cross-cutting 
field relationships (Beams, 2009) which sug-
gest mineralisation during locally brittle defor-
mation broadly related to the D2 stage of the 
Mount Isa Orogeny.  

Absolute age
Age-constraints regarding the timing of miner-
alisation at Rocklands largely rely on accurate 
dating of the dolerite units. Age-estimates indi-
cate that the dolerites in the region are broadly 
contemporaneous with the Williams and Na-
karu Batholiths (1,550-1,530 Ma; Page and 
Sun, 1998; Foster and Austin, 2008) which are 
regarded to have been related to Cu-minerali-
sation in the Eastern Succession (Oliver et al. 
2008). Mark et al. (2006) indicate an age of min-
eralisation of 1,530 -1,510 Ma at Ernest Henry. 

Younger age dates have been estab-
lished for dolerites in the Eastern Succession 

including 1,116±12 Ma (Page, 1983), 1,135 
±62 Ma and 1,179±44 Ma (Tanaka and Idnurm, 
1994). 

Maughan (2016) dated hydrothermal 
titanite from dolerite in the Mongoose region, 
part of the same regional dolerites as those at 
Rocklands, and returned a weighted average 
age of 1,515±55 Ma suggesting coeval em-
placement of the dolerites with the Williams 
and Naraku Granites.

GENETIC MODEL
A genetic model based on detailed field obser-
vations, core logging and analysis has not been 
presented for the Rocklands deposits. Beam 
(2009) highlights the similarities between Rock-
lands and IOCG deposits in the Cloncurry re-
gion (e.g., Ernest Henry) which has similarities 
in terms of mineralisation style, metal tenor and 
alteration mineralogy (Mark et al. 2006; Aus-
tin et al. 2017; Murphy et al. 2017).  Maughan 
(2016) propose that Rocklands belongs to a 
newly recognised class of IOCG which are as-
sociated with mafic intrusions and tend to be 
more Cu-Co-rich and Au-poor than other IOCG 
deposits.

Figure 13.35 presents a summary by 
CuDeco of the general model for the forma-
tion of the Rocklands deposits with a focus on 
structural controls at Rocklands South. 

POST-FORMATION MODIFICATION
The Rocklands deposit was subject to 
post-mineralisation uplift and exposure leading 
to extensive oxidation and leaching of exposed 
Cu-sulphides at the surface. Exposed leached 
horizons tend to be Cu-poor and siliceous, with 
high grade secondary Cu-minerals below the 
near surface. Part of the deposit is obscured 
below shallow surficial cover of colluvium and 
alluvium (Beams, 2009).

EXPLORATION
Discovery Method
Rocklands was discovered in April 2006 by 
non-geologist directors of CuDeco (Wayne 
McCrae and Tim Koitka). The discovery was 
not made using advanced geophysical or geo-
chemical techniques, but by drilling near exist-
ing Cu workings. 

Figure 13.35 Proposed model for the formation of the Rocklands deposits with specif reference to structural con-
trols on the formation of the Rocklands South deposit (CuDeco, 2012).   
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Figure 13.35 Stream sediment data from the western Cloncurry region overlain on the 1:100,000 geology base map - copper.
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Figure 13.36 Stream sediment data from the western Cloncurry region overlain on the 1:100,000 geology base map - lead.
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Figure 13.37 Stream sediment data from the western Cloncurry region overlain on the 1:100,000 geology base map - zinc.
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