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SCONI Ni-Co-Sc Deposits

OVERVIEW
The SCONI project comprises nickel-co-
balt-scandium mineral resources from the Luc-
know, Kokomo and Greenvale laterite depos-
its, located 175 km west of Townsville in North 
Queensland (Figures 5.1 and 5.2). The Green-
vale Ni-Co mine was discovered in 1957 and 
was developed into a mine in the 1960s during 
the nickel boom. The Greenvale mine closed in 
2018 and is currently on care and maintenance. 
The Lucknow and Kokomo deposits have never 
been mined. Australian Mines Limited hold the 
tenure for the SCONI project and completed a 
bankable feasibility study in November 2018.

LOCATION
Co-ordinates
144⁰ 55’ Long. E  /   -18⁰  58’ Lat. S
281,700 m E  / 7,900,980 m N  GDA94 – MGA 
Zone 55

NATURE OF MINE
Mined Commodities
The SCONI project comprises nickel, cobalt 
and scandium deposits hosted within lateri-
tised and weathered serpentinite, metamor-
phosed from ultramafic intrusions (Fletcher and 
Couper, 1975).

Mining Method
By mid-1969 the Metals Exploration N.L. / 
Freeport Qld Inc. joint venture had defined a 
resource of 37.2 Mt of mineralisation grading 
1.57% Ni and 0.12% Co, at Greenvale, and 
preliminary metallurgical testwork and scoping 
studies had been completed. Resource drilling, 

comprising RAB or RC, was initially complet-
ed on 150m centres, then closed down to 40m 
centres for calculating reserves. Drill hole spac-
ing was closed down to 20m centres for over-
burden stripping with regular ore surfaces, and 
then 10m and 5m centres if the orebody was 
irregular. The RAB samples led to an overes-
timate of the ore grades (Morrison and Burger, 
2019).
In 1974 construction and pre-stripping of the 
Greenvale Ni-Co deposit commenced, includ-
ing the building of the Greenvale township and 
the 225km of railway line to the Yabulu refin-
ery in Townsville. During the ‘Nickel Boom’ be-
tween July 1969 to February 1970, world nick-
el prices rose dramatically. However, the price 
dropped sharply between 1980 (US$3.4/lb) to 
1983 (US$1.60/lb). Mining ceased in 1992 and 
ore processing ceased in 1993 (Morrison and 
Burger, 2019). Metallica Minerals purchased 
NORNICO project tenements, north of Green-
vale in 1997 and the Greenvale mine and Luc-
know tenements in 2009.
The Greenvale deposit is essentially flat lying 
and the mining method was ‘open-cut’ with drill 
and blast, then ‘draglines’ being used to extract 
the ore up until 1981 when they were super-
ceded by hydraulic excavators, which gave im-
proved mining precision (Morrison and Burger, 
2019). 
No mining has been conducted over the Luc-
know and Kokomo Ni-Co-Sc deposits.

ORIENTATION AND DIMENSIONS OF 
MINERALISED BODIES
Greenvale
There are five mineralisation types, described 

below. However, in general the mineralisation 
occurs in laterally continuous sub-horizon-
tal lenses or horizons within the laterite or the 
weathered serpentinite below it.  The laterite 
above the serpentinite has been weathered 
and now covers approximately 3.3 km² (original 
area 5.5 km²). Refer to Figure 5.3 (Fletcher and 
Couper, 1975).

Lucknow
High-grade nickel-cobalt and nickel-co-
balt-scandium zones, as well as broad and thick 
scandium zones have been defined by grid 
drilling of the Lucknow deposit (Figure 5.4 and 
5.5; Gillies, 2010 & 2013; Bell, 2018 & 2019b). 
The deposit is sub-divided, north to south, into 
the Lady Agnes, Grants Gully and Red Fort de-
posits, plus northern and southern extensions 
(Bell, 2019a).The high-grade scandium min-
eralisation is contained within highly oxidised 
and weathered red-brown lateritic material and 
in many areas the mineralisation starts at sur-
face and persists to a maximum depth of 40 m. 
Where the scandium is associated with high-
grade nickel-cobalt, it usually occurs above 
these metals in the laterite profile. However, 
the scandium mineralisation is predominantly 
associated with relatively low-grade nickel and 
cobalt, which possibly reflects the ultramafic 
rock protolith on which the laterite formed. The 
distribution of scandium in the laterite profile at 
Lucknow is summarised in Figures 5.4 and 5.5 
(Hoatson et al., 2011).

Kokomo
The Kokomo Ni-Co-Sc deposit, was grid drilled 
on approximately 100 x 30m centres, with drill-
ing closed down to 25 x 20m hole spacing to 
achieve a ‘measured’ resource category, as 
at the Wild Honey, Mona and Blueberry zones 

North-western part of the laterite plateau at the 
Lucknow deposit. (Source: Antony van der Ent)
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Figure 5.1 Location of the SCONI deposit in the context 
of the regional aeromagnetic data (TMI-RTP).

(Figure 5.6). The drilling defined sub-horizontal, 
high grade Ni-Co± Sc mineralisation within the 
laterite, as shown in the resource category plan 
(Figure 5.7) and sections for Wild Honey and 
Mona ore lenses (Figure 5.8). The scandium 
mineralisation is not always coincident with the 
high Ni-Co mineralisation. 

PRODUCTION
The initial reserve/resource of the Greenvale 
Ni-Co deposit in 1969 was 40 Mt @ 1.57% Ni, 
0.12% Co (Fletcher and Couper, 1975). The 
mine went into production in 1974 and mining 
ceased in 1992. The total production from com-
mencement to 1993 totalled 436,430 tonnes 
of Ni and 36,456 tonnes Co metal (GSQ com-
modity data from Total Commodity Produced 
from Queenslands Major Mineral Deposits, 
Queensland Minerals, 2016). The Lucknow 
and Kokomo Ni-Co-Sc deposits have not been 
mined.

RESERVES AND RESOURCES
The resources and reserves for the SCONI proj-

ect, comprising the Greenvale, Lucknow and 
Kokomo deposits, are provided in Tables 5.1-
5.4, based on ASX press releases from Austra-
lian Mines Limited on 14th February and 13th 
June 2019 (prepared by CSA Global in accor-
dance with the 2012 JORC code):

GEOLOGICAL SETTING
The SCONI project, which comprises the Green-
vale, Lucknow and Kokomo Ni-Co±Sc depos-
its, is located within the south-eastern part of 
the Georgetown Inlier in northern Queensland, 
and contains a number of mafic-ultramafic ig-
neous complexes (Figures 5.9 and 5.10). The 
Boiler Gully, Sandalwood, Gray Creek, and a 
number of smaller complexes, occur in a struc-
turally deformed region (Greenvale Province) 
located between the Precambrian rocks of the 
Georgetown Inlier and the Paleozoic rocks of 
the Broken River Province (Fergusson et al., 
2007; Henderson et al., 2011). The complex-
es are spatially associated with the regional 
northeast–trending Gray Creek Fault Zone and 

Burdekin Fault Zone (Henderson et al., 2011; 
Figure 5.10). They show a common geological 
history of layered peridotite and gabbro intrud-
ed by gabbro and mafic dykes regionally meta-
morphosed and deformed (Arnold and Ruben-
ach, 1976; Figure 5.16). Laterite cappings are 
developed on all types of basement rocks in the 
Greenvale region. For those associated with ul-
tramafic rocks, the laterite profile is deep and 
mature, and nickel-cobalt concentrations attain 
ore grades in some deposits (Hoatson, 2011). 
The most significant scandium-enriched Ni-Co 
laterites are associated with the Gray Creek 
Complex (Lucknow deposit) and Boiler Gully 
Complex (Greenvale deposit; Hoatson, 2011). 
Refer to Figures 5.9 and 5.16 for the location 
and geology of the Boiler Gully and Grey Creek 
Complexes and Figure 5.10 for the Kokomo 
serpentinite.
The Gray Creek Complex is a ~25 km-long, 
northeast-trending lenticular body near Green-
vale. This fault-bounded complex is surround-
ed by Paleozoic sedimentary and volcanic 
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Figure 5.2 Location of the SCONI deposit in the context of the regional geology.
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Figure 5.3 . Surface geology plan and section of the Greenvale serpentinite (Fletcher and Couper, 1975).

rocks of the Broken River Province and is situ-
ated within the Gray Creek Fault Zone bound-
ed by the Halls Reward Fault in the west and 
the Grey Creek Fault in the east (Henderson 
et al., 2011). The complex has been intensely 
faulted, both along the margins and internally, 
and it has been metamorphosed to amphibolite 
facies (Arnold and Rubenach, 1976). Ruben-
ach (1982) notes that the mafic rocks of the 
Gray Creek and Boiler Gully complexes have 
geochemical characteristics of island-arc and 
ocean-floor tholeiites. Interpreted tectonic set-
tings for the complexes range from Precambri-
an layered mafic-ultramafic intrusions, sills, and 
dykes emplaced along the southeastern margin 
of the Georgetown Inlier (Green, 1958; Arnold 
and Rubenach, 1976), to tectonically emplaced 
Precambrian ophiolites along the faulted mar-

gin of a Proterozoic craton (Rubenach, 1982), 
to fault-bounded Cambro-Ordovician bodies 
representing oceanic crustal components in 
an island-arc environment (Henderson et al., 
2011; Hoatson, 2011).

HOST ROCKS
Mine Stratigraphy
The Greenvale Ni-Co deposit is hosted in lat-
eritised, and weathered, metamorphosed mafic 
and ultramafic rocks of the Boiler Gully Com-
plex (Jell, 2013). The Boiler Gully Complex, 
which occurs within the Halls Reward Metamor-

Classification Tonnes (000,000t) Nickel Equivalent (%) Nickel (%) Cobalt (%)

MEASURED 5.05 1.06 0.83 0.07

INDICATED 17.24 0.90 0.73 0.05

INFERRED 10.34 0.63 0.54 0.04

TOTAL 32.63 0.84 0.69 0.05

Table  5.1 . Lower cut-off grade 0.40% Nickel equivalent. Including ore reserves

GREENVALE MINERAL RESOURCE
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Figure 5.4 The distribution of Ni-Co-Sc bearing laterite at the Lucknow deposit, northern Queensland. The cross-section A-B for the Redfort deposit highlights the wide thick-
ness of scandium mineralisation and the enrichment of cobalt in the lower part of the profile (Hoatson et al., 2011)

Classification Tonnes (000,000t) Nickel Equivalent (%) Nickel (%) Cobalt (%)

MEASURED 1.60 0.91 0.53 0.11

INDICATED 12.63 0.83 0.47 0.11

INFERRED 0.38 0.66 0.55 0.03

TOTAL 14.62 0.83 0.48 0.11

Classification Tonnes (000,000t) Nickel Equivalent (%) Nickel (%) Cobalt (%)

MEASURED 1.62 1.17 0.73 0.15

INDICATED 19.37 0.83 0.57 0.09

INFERRED 7.48 0.70 0.53 0.07

TOTAL 28.47 0.81 0.57 0.09

Table  5.2 . Lower cut-off grade 0.55% Nickel equivalent. Including ore reserves

Table  5.3 . Lower cut-off grade 0.45% Nickel equivalent. Including ore reserves

LUCKNOW MINERAL RESOURCE

KOKOMO MINERAL RESOURCE

phics, comprises the Sandalwood Serpentinite 
and the Stenhouse Creek Amphibolite. The 
Lucknow and Kokomo Ni-Co-Sc deposits are, 
similarly, developed above the mafic and ultra-
mafic rocks of the Grey Creek complex and an 
un-named serpentinite, respectively. The host 
stratigraphies and associated sedimentary, vol-
canic and intrusives bodies are described be-
low:
Halls Reward Metamorphics: The Halls Re-
ward Metamorphics occur between the Nickel 
Mine Fault and the Halls Reward Fault. Further 
north, the Halls Reward Fault continues as the 
Burdekin River Fault, which bounds the Moss-
man Orogen. They are affected by amphibolite 
facies metamorphism and consist predomi-
nantly of medium to coarse grained mica schist 
that locally contains sillimanite and garnet. Lo-
cally, mica schist grades into quartzite and bi-
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Classification PIT ORE (M tonnes) Nickel (%) Cobalt (%) SCANDIUM (ppm)

PROVEN GREENVALE 4.49 0.83 0.07 36

KOKOMO 1.52 0.72 0.15 58

LUCKNOW 2.07 0.47 0.09 51

SUB-TOTAL 8.08 0.72 0.09 44

PROBABLE GREENVALE 13.08 0.73 0.05 29

KOKOMO 17.43 0.57 0.09 31

LUCKNOW 18.71 0.42 0.08 38

SUB-TOTAL 49.22 0.55 0.08 33

TOTAL GREENVALE 17.57 0.76 0.06 31

KOKOMO 18.96 0.58 0.10 33

LUCKNOW 20.77 0.42 0.08 39

SUB-TOTAL 57.30 0.58 0.08 35

SCONI ORE RESERVES

Table  5.4. Based on variable nickel equivalent cut-off between 0.4-0.45%

Figure 5.5 Metal distribution map and cross-section C-D for the Grant’s Gully Ni-Co-Sc deposit (Fig. 3.8 in Hoatson et al., 2011, modified from Metallica Minerals ASX release 
2010)
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Figure 5.6 Kokomo drilling and high grade Ni-Co and 
Sc zones. Section lines ‘A’ and ‘B’ show the position of 
Figures 8a) and b) (Fig. 1 in Gillies, 2010)

otite–muscovite gneiss. The age of metamor-
phism at ~500 – 510 Ma has been determined 
by K–Ar and Rb–Sr dating of muscovite, and 
U–Th–Pb chemical dating of monazite (Nishi-
ya et al. 2003). These authors also chemically 
dated zircon grains and found inherited ages 
including Grenville and some younger grains in 
the range 600–460 Ma, but these age deter-
minations are relatively imprecise. These data 
confirm that the Halls Reward Metamorphics 
are of latest Neoproterozoic or early Paleozoic 
age (Jell, 2013).
Stenhouse Creek Amphibolite: The Sten-
house Creek Amphibolite comprises amphib-
olite, metagabbro and some clinopyroxenite. 
The amphibolite and metagabbro consist of 
hornblende, plagioclase and epidote. Relict ig-
neous textures are shown by plagioclase laths 
and relict clinopyroxene in metagabbro. Clino-
pyroxenite consists of clinopyroxene replaced 
partly or wholly by tremolite (Jell, 2013). 
Sandalwood Serpentinite: The Sandalwood 
Serpentinite is typically massive with lizard-
ite, chrysotile and antigorite. These mafic and 
ultramafic rocks have been affected by the 
same metamorphism and deformation as the 
Halls Reward Metamorphics (Arnold & Ruben-
ach,1976) and are therefore likely to be early 
Paleozoic (Jell, 2013). The serpentinite is dark 
green to grey, fine grained and soft. Veins of 
chrysotile and disseminated crystals of chromite 
are commonly visible. The rock is composed al-

most entirely of serpentine minerals. Some 80 
per cent is cellular mesh-textured serpentinite 
probably replacing olivine and a further 15% is 
platy-textured serpentinite apparently replacing 
enstatite. Minor minerals account for about 5 
per cent and include chlorite and cross-fibre 
chrysotile veinlets. Accessory minerals consti-
tute up to 2 per cent and are mainly chromite 
as disseminated primary anhedral grains and 
occasionally as veinlets, along with occasion-
al irregular grains of iron spinel and magnetite. 
Laterite remnants occur throughout the area 
capping all types of basement rocks. In most 
cases the laterite consists of a thin ferruginous 
zone overlying the parent rock. In the case of 
the ultramafic rocks, however, the laterite is 
deep and mature and nickel concentrations are 
developed (Fletcher and Couper, 1975).
An analysis of serpentinite from a deep drill 
hole is as follows:
SiO2 37.1%,  TiO2 <0.02%,  Al2O3 0.63%,  Cr2O3 
0.39%,  Fe2O3 6.7%,  FeO 0.47%,  MnO 0.11%,  
MgO 39.2%, CaO 0.00%,  Na2O <0.01%, K2O 
<0.01%, H2O 12.9%,  NiO 0.28%,  CoO 0.01%: 
Total 97.79%.
Analyses for SiO2, Mg, Al2O3 , Fe, Ni and Co of 
a large number of samples of fresher rock dis-
tributed over the area of the serpentinite show 
only small variations from the results tabled 
above. The key to the formation of the Green  
vale orebody is the significant 0.3 % content of 
primary nickel and cobalt oxides (Fletcher and 

Couper, 1975).
Grey Creek Complex:  The Lucknow Ni-Co-Sc 
deposit is hosted within the Grey Creek Com-
plex (Jell, 2013), which comprises serpentinite, 
clinopyroxenite, amphibolite, metagabbro, 
metadolerite and rare plagiogranite and felsic 
dykes. In the north, it is mainly serpentinite de-
rived from dunite, enstatite olivinite and peri-
dotite, flanked to the south by clinopyroxenite 
and amphibolite in an antiformal structure. In 
the south, it consists mainly of clinopyroxenite, 
amphibolite, metagabbro and metadolerite 
with multiple dyke-like intrusive phases. Local 
interlayering of metagabbro, wehrlite and py-
roxenite and fine banding in some amphibo-
lite phases suggest cumulate layering (Arnold 
& Rubenach 1976). Amphibolitised dykes are 
widespread and parts of the complex may have 
been composed largely of mafic dyke swarms. 
Overall, the complex represents a layered as-
semblage with basal dunite, peridotite and 
wehrlite, now largely serpentinised, overlain 
in turn by pyroxenite and a mafic assemblage 
of metagabbro, metadolerite and amphibolite 
(Green 1958; White 1965; Arnold & Rubenach 
1976). This architecture suggests an ophiolitic 
protolith. An interpretation of the complex as 
exhumed crust of oceanic affiliation is generally 
accepted (Jell, 2013; Figure 5.9). The complex 
is dated as being Cambrian age (Sm-Nd from 
GA unpubl. data; Ar-Ar from Foster and Lister, 
unpubl.) which correlates with other mafic – ul-
tramafic belts in eastern Australia.

Figure 5.7 Kokomo resource categories (Fig. 2 from 
Gillies, 2010)
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Figure  5.8 . Top: 7,948,140m N section at ‘Wild Honey’ prospect. b) Bottom: 7,946,820m N section at Mona prospect (Fig. 3 and 6 in Gillies, 2010)



Chapter 5 SCONI Ni-Co-Sc Deposit

100 Northeast Queensland Mineral Province Deposit Atlas

Judea Formation (Oj): The Judea Formation 
comprises quartzose turbidites with bimodal 
volcanic rocks. The formation is confined to the 
Graveyard Creek Subprovince. Rare limestone 
blocks, possibly olistoliths, may represent fault- 
dislocated slivers of younger strata (Withnall, 
1993) because their poor coralline faunas are 
inconsistent with other age data. Volcaniclastic 
sandstone and conglomerate are associated 
locally with the Donaldsons Well Volcanic Mem-
ber. Mafic dykes cut the formation. The Judea 
Formation is part of the basement assemblage, 
unconformable beneath late early Silurian (Tel-
ychian) and younger strata. It is exposed in the 
cores of the Wade and Broken River anticlino-
ria, where its upper contact is an angular un-
conformity, and it also forms a narrow strip <2 
km wide along the western and southern mar-
gins of the Gray Creek Complex. It abuts the 
Gray Creek Complex, but the contact is not ex-
posed and its nature is unresolved, although it 
is likely to be faulted in places where the lower 
Donaldsons Well Volcanic Member is missing.  
The Judea Formation is assigned to the Early 
Ordovician. At least part of its siliciclastic suc-
cession is early Floian based on a tetragraptoid 
graptolite in a turbidite bed in the southern part 
of its distribution (Jell et al., 1993; Jell, 2013; 
Figure 5.9).
Everetts Creek Volcanics (Oe): The Everetts 
Creek Volcanics are largely massive, basaltic 
to andesitic, aphyric and feldspar–phyric, vol-
canic and hypabyssal rocks. Some outcrops 
have complex intrusive relationships, whereas 
others have pillows, indicative of lava flows. 
Amygdaloidal or vesicular fabrics are common, 
as are veins of epidote, quartz and calcite. Mi-
nor sedimentary beds include volcanic breccia, 
sandstone and chert—some with radiolarians 
(Jell, 2013; Figure 5.9). 
Carriers Well Formation (Oc): The Carriers 
Well Formation includes chert, shale, volca-
niclastic and quartzose sandstone, micritic 
and oolitic limestone, volcanic breccia, basal-
tic, andesitic and dacitic flows and/or sills and 
peperite. Discontinuous limestone bodies are 
characteristic. A measured succession rep-
resenting the lower part of the type section is 
dominated by mafic flows and epiclastic rocks. 
Thin to medium beds of volcanic breccia, lo-
cally with dacite clasts to boulder size, repre-
sent mass-flow deposits driven by appreciable 
gradients. Radiolarian chert in this succession 
indicates a deep-marine setting. The Everetts 
Creek Volcanics and the Carriers well Forma-
tion together are termed the Lucky Creek As-
semblage (Jell, 2013; Figure 5.9). 
The dominance of basaltic andesite and andes-
ite of calc-alkaline affinity and the Ti/V discrimi-
nation tool of Shervais (1982) identify an island 
arc setting for the Lucky Springs Assemblage. 
The pillowed mafic volcanic intervals, the ra-
diolarian chert suggesting deep-marine origin, 
the volcaniclastic debris flow deposits typical 
of oceanic arcs (Draut & Clift, 2006) and the 
shallow-marine limestones are all consistent 
with such a setting. The association of rock 
types and the geochemical attributes of volca-
nic rocks shown by the Ordovician Macquarie 
Arc of the southern Tasmanides are remarkably 
similar to this assemblage. Medium-K to sho-
shonitic calc-alkaline mafic to intermediate vol-
canic rocks variably enriched in LREE are typi-
cal of the Macquarie Arc (Crawford et al. 2007; 
Glen et al. 2007; Simpson et al. 2007) and are 

associated with volcaniclastic rocks, partly of 
deep-marine deposition, and shallow-marine 
limestone (Percival & Glen, 2007). Quartzose 
sandstone in the Carriers Well Formation indi-
cates that the island arc assemblage developed 
close to a continental margin. Such a setting 
is confirmed by the Mesoproterozoic and old-
er zircons in the volcaniclastic sandstone from 
that unit.
Wairuna Formation: The Wairuna Formation 
consists of cleaved mudstone and siltstone, 
fine- grained quartzose sandstone, altered ba-
salt, chert and jasper. Basalts are aphyric and 
generally massive but also include amygda-
loidal and pillowed outcrops. They form spo-
radic lenticular bodies, generally up to 1 km 
wide and 4 km long, although one body in the 
Valley of Lagoons area is continuous for ~40 
km. Jasper and chert, some with relics of ra-
diolaria, are commonly associated. Reconnais-
sance geochemistry indicates that some an-
desite occurs among the basalt. Multi-element 
plots for basalts include MORB-like patterns, 
but REE trends for some analyses are slop-
ing, unlike MORB, and suggest geochemical 
heterogeneity. Quartzose sandstone typically 
occurs as massive, thin to medium beds inter-
bedded with mudstone, although grading and 
partial Bouma sequences are present locally. 
Volcaniclastic sandstone beds and rare pebbly 
mudstone and conglomerate containing clasts 
of quartz, quartzite, silicic volcanic rocks and 
quartz tectonite are locally present, particularly 
adjacent to its contact with the Lucky Springs 
Assemblage, and may be part of the latter. No 
fossils are known in the Wairuna Formation. As 
noted above, the unit was previously postulat-
ed to be Ordovician (Withnall, 1993; Withnall et 
al.,1996a). However, the age spectrum of detri-
tal zircon from a sample of volcaniclastic sand-
stone, and the age of a felsic volcanic clast 
from a conglomerate, provided middle–late Si-
lurian maximum depositional ages of 433 ± 4 
Ma and 421 ± 6 Ma, respectively (Henderson 
et al., 2011; Jell, 2013).
Pelican Range Formation: The Pelican 
Range Formation groups several northerly 
trending, fault-bounded belts in the western 
Camel Creek Subprovince characterised by 
turbiditic sandstone and separated by structur-
ally intercalated tracts of Greenvale Formation. 
A narrow fault-bounded belt of Pelican Range 
Formation in the southern part of the subprov-
ince trends subparallel to the Clarke River 
Fault. Thin to very thick beds of fine- to medi-
um-grained quartzose sandstone are typical of 
the unit. Framework grains are predominantly 
strained monocrystalline quartz, although chert 
and metaquartzite and a minor but variable 
component of feldspar and lithic grains are 
also represented. Matrix containing up to 40% 
fine muscovite and chlorite is a component of 
sandstones. Load and flute casts are common 
on the bases of thick beds that are massive to 
weakly laminated, whereas thinner ones typi-
cally show grading. Planar, cross-stratified and 
convolute laminae are well represented, and 
are typical of turbidites. Sandstones are gen-
erally interbedded with thin to medium beds of 
mudstone that show a strong bedding-parallel 
fissility and a less conspicuous cross-cutting 
cleavage. Several lenses, up to 6 km long, of 
locally pillowed, aphyric basalt associated with 
jasper have been mapped. Rare radiolarian 
chert and jasper, independent of basalt, are 

also known. No age constraints are available 
for this unit, and its provisional Ordovician age 
assignment (Withnall, 1993) is based on litho-
logical similarity to the Judea and Wairuna for-
mations (Jell, 2013).
‘Kokomo’ Serpentinite: The serpentinite 
which hosts the Kokomo deposit is not well 
described in the literature, although it is as-
sumed to be similar to the Boiler Gulley and 
Grey Creek intrusive complexes, comprising a 
layered assemblage of basal dunite, peridotite 
and wehrlite, now mainly serpentinite, overlain 
by pyroxenite and mafic metagabbro, metad-
olerite and amphibolite (Jell, 2013). A report 
on the serpentinite from Loloma Ltd (Anon., 
1975) describes the body as ‘a well defined 
north-easterly striking ultrabasic block consist-
ing of lenses of pyroxenite, diallage, dunite and 
minor gabbro, which are serpentinised up to 
50% of the original rock, forms a well defined 
topographic feature..’. The author interpreted 
the ultramafic complex to be fault controlled 
(Anon., 1975).

INTRUSIVE UNITS 
Saddington and Netherwood Tonalites: 
These plutonic bodies are closely related, as 
shown by their lithology and relationships with 
the Judea Formation as country rock, and their 
nonconformable relationship to Telychian cov-
er of the basal Graveyard Creek Group. The 
Saddington Tonalite consists of fine- to medi-
um-grained biotite–hornblende tonalite, diorite, 
quartz diorite and gabbro. Multiple intrusive 
phases can be recognised and some are weak-
ly foliated. The rocks contain 10–30% quartz, 
typically as strongly strained, bluish grains 
showing mortar fabric, 40–50% feldspar and 
subordinate hornblende and minor biotite. Ba-
saltic dykes within the unit near contacts with 
the Donaldsons Well Volcanic Member locally 
contain mafic xenoliths. Arnold and Rubenach 
(1976) suggested that the dykes may be feed-
ers to the Donaldsons Well Volcanic Member, 
but age relationships eliminate this possibility. 
The dykes may represent part of the intrusive 
assemblage, but post-plutonic mafic dykes also 
cut the Judea Formation (Jell, 2013; Figure 
5.9).
The Saddington Tonalite has a U–Pb zircon 
(SHRIMP) date of 487.8 ± 2.7 Ma (Magee un-
published data) and a U–Pb zircon (LA–ICP–
MS) date of 482 ± 5.8 Ma (Wormald unpub-
lished data). This places it as older than the 
overlying turbidite succession in the upper part 
of the Judea Formation, which has been dat-
ed from a graptolite occurrence. The plutons 
consist of fine- to medium grained biotite–horn-
blende tonalite to quartz diorite showing vari-
able alteration and no internal strain. Feldspar 
(60–70%) is dominant, with subordinate quartz 
(15–20%), hornblende (<10%) and biotite 
(<5%). Geochemistry of the Saddington To-
nalite ranges widely in major element contents, 
indicating a polyphase intrusive history, where-
as tightly clustered data for the Netherwood 
suggest compositional uniformity (Jell, 2013; 
Figure 5.9).
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METAMORPHIC GRADE
The regional metamorphic grade is mainly 
mid-amphibolite facies (Withnall and Grimes, 
1994)

STRUCTURAL CHARACTERISTICS 
Structural Setting 
The Greenvale deposit is located in the Green-
vale Province of the Thompson Orogen, and 
the Lucknow and Kokomo deposits are locat-
ed in the Broken River Province (BRP) of the 
Mossman Orogen (Figure 5.11). The Greenvale 
Province comprises a narrow belt of late Neo-
proterozoic-Paleozoic tectonised rock assem-
blages forming part of the Tasman Orogenic 
zone, abutting Paleoproterozoic–Mesoprotero-
zoic rocks of the Georgetown inlier to the west 
(Withnall and Henderson, 2012)
The Burdekin River Fault divides the Broken 
River Province from the Greenvale Province of 
the Thomson Orogen.  Henderson et al (2011) 
postulate a fore-arc model, which involves 
westward directed subduction of oceanic crust 
below the eastern rim of Gondwana (the con-
tinent), with the bulk of the Broken River and 
Hodgkinson Province sediments deposited and 
deformed in front of the magmatic arc as an 
accretionary subduction complex or prism. The 
complicated deformational history is related to 
island arc and continental margin collision in 
the early Silurian (Figure 5.12).
An alternative is the back-arc model, which is 
based on the development of mafic magmatism 
during the Ordovician to Silurian in the north-
ern part of the Mossman Orogen (Vos et al., 
2006). In this model, sediments and associated 
mafic volcanics were deposited in a back-arc 
basin behind a magmatic arc, originating from 
westward directed subduction of oceanic crust 
below the eastern margin of Gondwana. 
Recent seismic studies by Korsch et al. (2012) 
suggest that the Mossman Orogen formed 
largely as a fore-arc accretionary subduction 
complex (Figure 5.14), which was subsequent-
ly heavily deformed following deposition and 
thrust westwards to be now underlain by older 
rocks (Archean or Paleoproterozoic age) that 
are probably equivalent to those in the Green-
vale and Charters Towers Provinces to the 
south (Champion and Bultitude, 2013; Withnall 
and Henderson, 2012).

Structural Setting
Several domains are recognised in the Green-
vale Province with either dominantly steep or 
low to moderate dips of the main foliation and 
each experienced multiple deformation with lo-
cally up to four overprinting structural phases. 
Steepening of foliation in several of the domains 
is attributed to contractional deformation in the 
Early Silurian that is inferred to have overprint-
ed low-angle foliation developed during exten-
sional tectonics in the backarc setting. Contrac-
tional deformation related to the Early Silurian 
Benambran Orogeny is considered responsi-
ble for multiple deformation in the Greenvale 
Province and reactivation of domain-bounding 
faults. (Fergusson et al., 2007). The Greenvale 
province is subdivided by steeply dipping NNE 
trending mylonite zones and faults including the 
Lynd Mylonite Zone in the west, which abuts 
the Georgetown inlier; the Balcooma Mylonite 
Zone, the Nickel Mine Fault and the Halls Re-

ward / Burdekin River Fault zone in the east 
(Figure 5.15 and 5.16).
Graveyard Creek Subprovince: Arnold and 
Rubenach (1976), mapped the mafic and ul-
tramafic rocks on the boundary between the 
Georgetown and Broken River provinces, to 
better understand their age and tectonic signif-
icance, and recognised four deformations (D1 
to D4) in the two mafic-ultramafic complexes, 
the Halls Reward Metamorphics, and the ‘Pad-
dys Creek Formation’ (Paddys Creek Phyllite). 
In the northern part of the complex, Arnold and 
Rubenach (1976) described the amphibolite 
(Stenhouse Creek Amphibolite) as having an 
intense pervasive S2 foliation defined by an 
amphibolite facies assemblage (hornblende, 
plagioclase, sphene and clinopyroxene). An S1 
foliation, defined by a similar assemblage, oc-
curs in the hinges of intrafolial isoclinal folds. 
Texturally the amphibolite is a granoblastic 
gneiss. Amphibolite in the central part of the 
complex (Gray Creek Complex) has a similar 
structural history, however, S2 is less intense 
and variably developed. There is no widespread 
folding event which post-dates D2 (Arnold and 
Rubenach, 1976). For a geological map and a 
NW to SE section of the Gray Creek area refer 
to Figure 5.16 and 5.17.
Jell (2013) describes the structural history of 
the Graveyard Creek subprovince as follows; 
North-east trending upright folds, and co-lin-
ear faults, are characteristic of the Graveyard 
Creek Subprovince and deform and disrupt Si-
lurian – Middle Devonian strata. Folds range 
from sporadic mesoscopic to widely developed 
large-scale structures with wavelengths of up 
to 10 km, and plunge both southeast and north-
west at 10–30° (Withnall, 1993). An associat-
ed weak, slaty cleavage is locally developed, 
especially within mudstones of the Graveyard 
Creek Group. 
Jell (2013) describes an ‘earlier folding in the 
Graveyard Creek Group’ in the northern part of 
the subprovince (Arnold and Henderson, 1976; 
Withnall,1993) with a north trending fold phase 
of variable plunge, overprinted by a north-east 
trending crenulation cleavage attributed to the 
dominant Carboniferous fold phase. In the 
east, tight folds are developed locally with over-
turned limbs, whereas in the southwest, folds 
are of more variable trend commonly with limbs 
dipping at <30°. The intrusion of stocks of the 
Montgomery Range Igneous Complex cut the 
folds, and although not dated, regional relation-
ships suggest Pennsylvanian – early Permian 
age, which corresponds to the middle or late 
Carboniferous Kanimblan Orogeny. North-east 
trending, steeply dipping faults commonly trun-
cate the limbs of folds of similar orientation and 
are presumed to be thrusts of similar age to the 
folds. 

Major Structural Styles
The strong north-east trend of upright folds and 
co-linear faults controls the orientation of the 
serpentinites and mafic intrusives (Figures 5.9 
& 5.10). Fletcher and Couper (1975) describe 
the serpentinite body at Greenvale as having 
intense faulting on the margins and within the 
main mass; fault zones 5m wide and comprising 
lenses of serpentinite schist, with steatite, chlo-
rite and amphibole. The faults are described 
as being vertical with vertical movement deter-
mined from slickensides. ‘Blocky’ jointing was 
observed in the basement serpentinite, particu-

larly adjacent to faulting. The vertical faults are 
interpreted to be the mechanism for formation 
of the deposit, having provided “permeable 
zones for the advancement of alteration and 
as major conduits for flushing away the solu-
ble productions of alteration” (Flectcher and 
Couper, 1975) 
Contour plans of the base of the orebody show 
up these fault zones as major troughs striking 
parallel to the north-easterly regional structur-
al trend. In addition, some faults are deeply 
enriched in nickel and two cases are known 
where nickel grades of plus 2 per cent have 
been traced by drilling to a depth of 25 m below 
the general base of lateritisation (Fletcher and 
Couper, 1975).

Nature and Orientation of Controlling 
Structure
The orientation and deformation of the ser-
pentinites that host, the Ni-Co-Sc mineralisa-
tion, are controlled by north-north-east trending 
terrain bounding faults, including; the Nickel 
Mine Fault, marking the eastern margin of the 
Georgetown inlier; Halls Reward / Burdekin 
River Faults (Halls Reward appears to be the 
southern extension of the Burdekin River Fault) 
and the Grey Creek Fault (Withnall and Grimes, 
1994)

Post Mineralisation Structure
There are no significant post-mineralisation 
structures. ‘Blocky’ jointing adjacent to faulting 
was observed in the serpentinite, although the 
timing of the jointing is not described (Fletcher 
and Couper, 1975).

WALL ROCK ALTERATION
The host ultramafic rock has been ser-
pentinised, probably after olivine (80% cellu-
lar mesh-textured serpentinite) and the upper 
portion has been weathered and lateritised, 
which led to the concentration of Fe, Ni and Co 
(Fletcher and Couper, 1975)

MINERALISATION
Greenvale 
Nickel and cobalt mineralisation occurs in a 
laterite developed above Devonian aged ser-
pentinite basement during weathering. The 
weathering profile grades from fresh rock up-
wards through distinct zones to the surface 
soils. This profile is fully developed over ap-
proximately 30% of the Greenvale serpentinite 
and has been partly, or completely, removed 
by erosion from the remainder of the area. The 
original 5.5 km² area of nickel bearing laterite, 
has been reduced to 3.3 km², due to erosion 
(Fletcher and Couper, 1975).
Four sub-horizontal zones of different lithoIo-
gies overlie the serpentinite basement to form 
a recognizable profile:
Weathered serpentinite laterite zone 
Serpentinite mineral textures and rock struc-
tures, are retained and the rock microscopically 
consists of an open cellular mesh of serpen-
tine minerals surrounding cores of clay miner-
als, or voids from which the original constitu-
ents have been leached. Veinlets of magnesite 
and goethite are developed along fractures. In 
the upper parts of the zone toward the base of 
the overlying limonite zone, the weathered ser-
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Figure 5.9. Local geology of the Greenvale and Lucknow deposits (GSQ Detailed Geology GIS.
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Figure 5.9. Local geology of the Greenvale and Lucknow deposits (GSQ Detailed Geology GIS. Figure 5.10. Local geology of the Kokomo prospect (GSQ Detailed Geology GIS). The location of the Burdekin River Fault Zone is approximate (Withnall, 1993)



Chapter 5 SCONI Ni-Co-Sc Deposit

104 Northeast Queensland Mineral Province Deposit Atlas

Figure 5.11 Map showing the Greenvale Ni-Co deposit (yellow dot) relative to sub-provinces of the Mossman and Thomson Orogens and their boundary faults (Figure 4.2 
from Jell, 2013). Yellow rectangle shows the approx. location of Figure 14.
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Figure 5.12  (Left) Diagram showing the tectonic devel-
opment of the Broken River Province from Ordovician to 
Silurian time (Henderson et al, 2011).

Figure 5.13 (Below) Geology map of the southern 
Greenvale Province from Fergusson et al, 2007. Ab-
breviations: BMZ = Balcooma Mylonite Zone, BRF= 
Burdekin River Fault, HRF = Hall’s Reward fault, LMZ = 
Lynd Mylonite Zone, NMF = Nickel Mine Fault.

pentinite gradually becomes more altered and 
iron (goethite) enriched, and the original texture 
of the parent rock is progressively obliterated. 
The change from fresh rock to weathered ser-
pentinite is accompanied by a reduction in den-
sity from 2.7 tonnes per cubic metre dry weight 
to 1.4 tonnes per cubic metre dry weight. 
Weathered serpentinite is green - grey or olive - 
grey at the base with yellow and brown increas-
ingly predominant in the transition to the over-
lying limonite zone. Widespread re-deposition 
of silica derived from the weathering of the par-
ent rock has occurred in this part of the profile. 
Thin chalcedonic veins, including the nickelif-
erous chrysoprase, are abundant and massive 
irregular siliceous replacements, boxworks and 
concretionary deposits are significant locally.
Nickel is concentrated in the weathered ser-
pentinite zone up to about 10 times the par-
ent rock value and generally reaches a peak 
close to the upper boundary of the zone. Cobalt 
shows only minor enrichment. Some concen-
tration of chromite has occurred and magnesite 
forms thin veins or occurs as nodular concre-
tions in larger fracture zones. The upper part 
of the zone is characterized by MnO2 coatings 
and films on joint planes.
Limonitic laterite zone
The limonitic laterite zone is characterized by 
it’s lack of parent rock texture and its mineral-
ogy. It is composed primarily of goethite and 
is typically massive and ocherous yellow to 
brownish yellow. It is commonly traversed by 
vertical voids and tubes which generally contin-
ue into the overlying pisolitic zone. Secondary 
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Figure 5.14 Expanded version of migrated 20 sec TWT displays of an interpreted seismic section showing detail for the central portion of deep seismic reflection line 07GA-
GC1. Vertical to horizontal scale is ~1:1, assuming an average crustal velocity of 6 km/second (Korsch et al, 2012). NMF = Nickel Mine Fault. Yellow dot = Greenvale Mine 

silicification in this zone is essentially massive, 
both as horizontal bands and irregular deposits, 
commonly at the boundary with the weathered 
serpentinite zone.
Nickel concentration is usually lower than in the 
weathered serpentinite zone, but cobalt reach-
es peak enrichment of up to 0.5%, or 25 times 
concentration. Cr2O3 and MnO2 are also con-
centrated.
Pisolitic laterite zone
This zone comprises ferruginous concretions 
which are either unconsolidated in a soil, or 
partly cemented forming bands or exposed iron 
crusts. The colour is reddish brown to brown, 
grading to yellowish brown in ‘the lower parts 
where it is transitional with the underlying Ii-
monitic Iaterite. The concretions are pisolites, 
oolites or irregular plates. Typically the amount 
and size of the concretions increases towards 
the top of the zone, where pisolites may be up 
to 4-5 cm in size. A marked increase in density 
accompanies the mineralogical changes in this 
zone.
Nickel and cobalt values are depleted to back-
ground values toward the top of the zone and 
there is a marked increase in Al2O3.
Surface soils
A thin blanket of red brown, unconsolidated, 
residual soil is developed over much of the de-
posit. In the central low-lying areas red brown 
soils with clayey layers up to 10 m thick overlie 
pisolitic Iaterite, or Iimonite. The physical and 

chemical characteristics of the profile are illus-
trated in Figure 5.18.

Style of Mineralisation
Mineralization at the Greenvale Ni - Co deposit 
comprises the following ore types:
Weathered serpentinite ore 
The weathered serpentinite ore-type consti-
tutes almost half of the ore reserves. Silicate 
minerals predominate and nickel grade ranges 
between 1.5 - 1.7% Ni, whereas cobalt is below 
average (0.05%). Iron values range between15 
- 20%; magnesium averages 15% and silica 
ranges between 30 - 40%. Weathered ser-
pentinite ore occurs beneath the pisolitic and 
limonitic laterites in the central area, and crops 
out around the north and south perimeters of 
the orebody. The average thickness is 5 m.
Limonite ore
Limonite ore accounts for a quarter of the ore 
reserve. Oxide minerals predominate and 
nickel is generally below average (1.2 - 1.4%) 
whereas most of the cobalt is concentrated in 
this type (average 0.25%) and grades of up to 
0.5% cobalt are common. Iron content is high 
(40 - 50%), magnesia is low (1 - 5%) and silica 
is low (15 - 20%). Limonite ore occurs mainly in 
the central low area of the deposit underlying 
pisolitic laterite although odd remnants can be 
found away from this area. Average thickness 
is 3 m.
Siliceous ore 
Ore termed siliceous ore comprises the remain-

ing 25% of the ore reserves. Silica is present 
predominantly as chalcedonic varieties of sec-
ondary origin and the ore is classified accord-
ing to structure of the silica.
Massive siliceous ore 
This ore occurs as irregular bodies in the upper 
weathered serpentinite or as horizontal bands 
or masses replacing limonitic laterite. Nickel 
is usually low (1.2 - 1.3%) cobalt is below av-
erage (0.05 - 0.08%), iron is low (15 - 20%), 
and magnesia is quite variable dependent on 
whether the re  placement occurs in serpentine 
or limonitic material. The silica content is very 
high (50 - 60%). Massive silica ore is distribut-
ed throughout the orebody, in lenses and bands 
up to several tens of metres across. 
Boxwork ore 
This ore usually occurs in association with 
zones of intense fracturing. The zones range 
from 10 cm to more than 5 m wide, and are 
composed of thin walled chalcedony boxes, 
from 10 cm to 50 cm across. The boxes may 
be filled or partly filled with highly decomposed 
serpentinite or limonite or may be empty. Box-
work zones contain some of the richest nickel 
values found in the orebody (up to 6%) and co-
balt is generally above average (0.15 - 0.20%). 
Iron is low (15%), magnesia low (5 - 10%), and 
silica high (40 - 50%). Boxworks occur through-
out the orebody usually in linear zones, and the 
best known developments are exposed at sur-
face around the northern hill.Timing of Mineral-
isation
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Figure 5.15 Detailed Map of the Grey Creek Complex, Nickel Mine Fault and Halls Reward Metamorphics in the Stenhouse Creek area. Cross sections M-N and 
O-P are shown (Fergusson et al, 2007).
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Figure 5.16 Geological map of the Greenvale area (Fig. 2 from Arnold and Rubenach).
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GEOCHEMICAL EXPRESSION
Stream Sampling
Early reconnaissance exploration in the 1960s 
included collecting -80# stream samples from 
first and second order streams within ATP 
335M. The samples were analysed for Cu, Pb, 
Zn, Ni, Co by AAS with a 25% HNO3 leach 
and As by modified Gutzeit test (Fletcher and 
Burt, 1967). The stream sample assay results 
defined anomalous Ni values associated with 
serpentinite, and these were particularly anom-
alous where streams drained Ni bearing lat-
erites at Greenvale and Lucknow. Anomalous 
Ni values ranged from 70 to 660ppm. Anom-
alous Co is coincident with anomalous Ni val-
ues in streams draining the Ni bearing laterites 
(Fletcher and Burt, 1967). Refer to Figure 5.19 
for a 1:50,000 map showing Ni assays from 
streams draining the Greenvale and Lucknow 
laterites and Figure 5.20 to 5.24 for a 1:150,000 
scale maps of Ni, Co, Cu, As, and Pb results 
from stream sample results over the SCONI 
project. 

Soil Sampling
The regional soil sampling database available 
on the GSQ data portal has no data for the 
Greenvale or Lucknow Ni-Co deposits, howev-
er, soil sampling was conducted over the ser-
pentinite hosting the Kokomo deposit. Loloma 
Limited conducted ‘random’ -80# soil or rock 
sampling, or closed spaced grid soil sampling. 
Grid soils were collected at the Kokomo depos-
it, comprising fifteen 100m spaced lines with 5 
or 8 samples along the line spaced at ~ 70m, 
and at the ‘Valley of Lagoons’ prospect, which 
comprised thirteen 120m spaced lines at 30m 
spacing along the line (Anon., 1975). The -80# 
soil samples were collected mainly B-horizon 
soils, 4 to 30 inches below the surface, and an-
alysed for Ni, Cu, Pb, Zn, ± Co. The Kokomo 
grid returned strongly anomalous Ni assays, 
with several samples returning >4,500ppm Ni 
and most samples >1000ppm Ni (Figure 5.25; 
Anon., 1975). The ‘Valley of Lagoons’ grid, 
which is located ~4km south of Kokomo, re-
turned assays between 100 to 500ppm Ni. The 
Co values were not as consistent only 7 sam-
ples returning assays values >100ppm Co at 

Kokomo and no anomalous samples at the Val-
ley of Lagoons grid (Figure 5.27). The Kokomo 
grid was only weakly anomalous for Cu (30 to 
150ppm), whereas the Valley of Lagoons grid 
was more anomalous for Cu (250 – 850ppm; 
Figure 5.26). The Pb values for the soil samples 
were weakly anomalous with 100 to 500ppm Pb 
on both grids, whereas Zn values ranged be-
tween 150 to 2000ppm at the Valley of Lagoons 
grid and were generally <200ppm Zn at the Ko-
komo grid (although 3 values were >1000ppm 
Zn).

Vegetation Survey

Paul et al (2019) surveyed the vegetation sur-
rounding the Lucknow deposit, and carried out 
trace element analyses on the leaves of the 
plant species recorded. This study examined 
the concentrations of Co, Cr, Mn, Ni, Sc, Ti and  
Zn from >80 species sampled in the Lucknow 
area. The findings of this research suggested 
that the area did not  contain any ‘accumulator’ 
plant species, with scandium concentrations ap-
pearing sporadic, with no significant Sc uptake 
by a specific species.The authors do highlight 
that future studies could benefit from also test-
ing the concentration of such metal in the roots 
of the local vegetation. A portion of the detected 
metals is also thought to have originated from 
dust/aerosols, rather than from the underlying 
laterite deposit.

GEOPHYSICAL EXPRESSIONS
Aeromagnetic
The reduced-to-the-pole total magnetic inten-
sity (TMI-RTP) image, and the RTP first verti-
cal derivative (1VD) magnetic image support 
and re-inforce the interpreted regional geology 
for SCONI (Figure 5.28 and 5.29). In particular 
the strong NNW trending structural corridor of 
the Burdekin River Fault Zone, which hosts the 
mineralised serpentinites and overlying laterite 
caps. The magnetics also reveals major and 
minor faults, from the displacement of mag-
netic units, which are perpendicular to the Bur-
dekin River Fault Zone, trending WNW – ESE 
to east – west, and intersect the serpentinites at 
Greenvale and Lucknow (Ley/s and Lebn - Fig-
ures 5.28 to 5.29). Mafic volcanics such as the 

Figure 5.17 Cross section from the Gray Creek Complex (Fig.7 in Arnold and Rubenach, 1976)

Wairuna Formation tholeiitic basalts and ser-
pentinites after ultramafic intrusives, such as 
the Sandalwood Serpentinite are strongly mag-
netic (Figure 5.30). There are a line of WNW – 
ESE trending, circular magnetic features which 
extend in from ~5km south of the Kokomo de-
posit to the WNW (Figure 5.27 and 5.28). There 
is a similar magnetic low to the north of Green-
vale, although not a pronounced. It is likely that 
the circular features south of Kokomo are bur-
ied granitic intrusions.

Gravity
The regional gravity data over the SCONI proj-
ect is low resolution with ~ 4 km station spac-
ing (Figure 5.31). However, the gross highs 
(hot colours) and lows (cool colours) broadly 
reflect the NNW trending Burdekin River Fault 
Zone with cross-cutting NW-SE to WNW – ESE 
trending faults. The gravity highs possibly rep-
resent denser mafic oceanic crust below the Si-
luro-Devonian Broken River Subprovince. The 
gravity lows are likely to be deep seated gran-
itoid intrusions. Closer spaced stations are re-
quired for a more detailed interpretation of the 
data.

The gravity data is a gridded compilation of all 
open file gravity observations made by explora-
tion companies and State and Federal govern-
ment regional surveys (open file data from the 
GSQ Open Data Portal).

Radiometric
Images of the airborne radiometric data (po-
tassium and uranium) are provided in Figures 
5.32 and 5.33. There is a strong correlation 
between potassium and uranium (and thorium, 
not shown here), representative of the terrane 
dominated by granites and ultramafic rocks, 
which are relatively rich and poor, respectively, 
in all radioactive elements.

TIMING OF MINERALIZATION
Relative Age
The mineralised laterites developed above the 
Ni-Co bearing serpentinites are Tertiary in age 
(Green, 1958; Fletcher and Couper, 1975), 
therefore the age of mineralisation is also Ter-
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Figure 5.18 Laterite profile at Greenvale, with physical and chemical characteristics (Fletcher and Couper, 1975)

tiary.

Absolute Age 
The precise age of the Ni-Co±Sc laterites in 
the Greenvale region is not known. Fletcher 
and Couper (1975) proposed that erosion of 
cover rocks at Greenvale resulted in 5.5 km² 
of fractured hydrated serpentinite containing an 
evenly distributed 0.2% nickel being exposed 
to a Cenozoic land surface and climate. Burger 
(1982) suggested a possible mid-Cenozoic age 
for the main period of weathering and Ni-Co-Sc 
mineralisation, but there has been subsequent 
reworking and erosion of parts of the original 
laterite profile. Similarly, the age(s) of the as-
sociated mafic-ultramafic protolith rocks are 
not well constrained with ages in the literature 
ranging from Late Proterozoic to early Paleo-
zoic. Arnold and Rubenach (1976) showed that 
the Gray Creek Complex is structurally identical 
and chemically similar to the nearby Boiler Gul-
ly Complex suggesting a coeval/comagmatic 
association. Henderson et al. (2011) proposed 
that if a temporal relationship to other mafic-ul-
tramafic belts in eastern Australia is used, then 
a Cambrian age is possible for the Greenvale 
complexes (Spaggiari et al., 2003). Recently, 
Huston (GA: pers. comm., 2011) determined a 
preliminary whole-rock Sm-Nd Ordovician age 
of 466 ± 37 Ma for the Gray Creek Complex.

GENETIC MODEL
The following summary describing the genesis 

of the Ni-Co ± Sc laterite profiles in the Green-
vale region is in part from Solomon and Groves 
(1994), and the references cited within. The 
prolonged weathering of serpentinised ultra-
mafic rocks in a well drained, well aerated, and 
hence highly oxidised environment resulted in 
the removal of elements such as magnesium, 
and retention of nickel, chromium, cobalt, and 
scandium. Fracturing of the source serpentinite 
rock may have preceded weathering and fa-
cilitated the formation of a permeable profile. 
The water table probably was near the top of 
the saprolite zone. At a predicted rate of for-
mation of 10 to 20 metres per million years, the 
Greenvale profile would have required at least 
one million years to become established during 
the Cenozoic. Fletcher and Couper (1975) sug-
gested the rainfall was cyclic (monsoonal?), 
with periods of downward leaching by acid wa-
ters alternating with periods of oxidation; acidity 
derives from CO2 in the atmosphere and NO3 
from the decay of vegetation (Hoatson et al., 
2011).
Steep groundwater gradients and lateral wa-
ter movement allowed removal of soluble ele-
ments. The enrichment in nickel (factor of 10 
times), chromium, cobalt, and scandium results 
in part from retention of primary metals in sec-
ondary silicates (e.g., népouite), and also from 
a concentration at the base of the profile of met-
al dissolved from higher levels. Dissolved nick-
el species migrate further down the profile due 
to higher solubilities compared to aqueous spe-
cies of scandium, chromium, and cobalt. The 

development of lateritic profiles superimposed 
on ultramafic rocks in the Greenvale region isa 
function of the rate of downward movement of 
oxidation and surface erosion (Fletcher and 
Couper, 1975).
 

POST-FORMATION MODIFICATION
The serpentinite body has undergone intense 
faulting along the margins and within the main 
body. Fault zones up to 5 m wide containing 
lenses of serpentine schist, with subordinate 
steatite, chlorite, and amphibole are developed, 
and movement, from slip-fibre chrysotile and 
slickensided faces, is vertical. Most faults are 
steep dipping and can be traced clearly into the 
Iimonite zone of the profile, as the chlorite min-
erals associated with the fault are less suscepti-
ble to alteration and stand out markedly against 
the Iimonite. Blocky jointing is well developed in 
the basement rock, particularly in the vicinity of 
faulting. Joints are preserved in the weathered 
serpentinite zone but obliterated in the limonite 
zone (Fletcher and Couper, 1975).
Fault zones have played a major role in the 
formation of the deposit, having acted both as 
permeable zones for alteration and as major 
conduits for removing the soluble products of 
alteration. Contour plans of the base of the ore-
body show these fault zones as major troughs 
striking parallel to the north-easterly regional 
structural trend. Some faults are deeply en-
riched in nickel and two cases nickel grades of 
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Figure  5.19 . Greenvale and Lucknow -80# stream sediment assay results at 1: 50,000
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Figure  5.20 . Regional stream sample results for Ni ppm over the SCONI project
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Figure  5.21 . Regional stream sample results for Co ppm over the SCONI project



Chapter 5 SCONI Ni-Co-Sc Deposit

114 Northeast Queensland Mineral Province Deposit Atlas

Figure  5.22 . Regional stream sample results for Cu ppm over the SCONI project
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Figure  5.23 . Regional stream sample results for As ppm over the SCONI project
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Figure  5.24 . Regional stream sample results for Pb ppm over the SCONI project



Chapter 5SCONI Ni-Co-Sc Deposit Deposit

117Northeast Queensland Mineral Province Deposit Atlas

Figure  5.25 . Soil sample results for Ni ppm over the Kokomo deposit
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Figure  5.26 . Soil sample results for Cu ppm over the Kokomo deposit
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Figure  5.27 . Soil sample results for Co ppm over the Kokomo deposit
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Figure  5.28 . Image of the Total Magnetic Intensity map of the aeromagnetic data from the SCONI area. The 1:100,000-scale geological contacts and geological codes are 
shown superimposed.
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Figure  5.29 . Image of the Reduced-to-Pole aeromagnetic data from the SCONI area. The 1:100,000-scale geological contacts and geological codes are shown superim-
posed.
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Figure  5.30 . Image of the Reduced-to-Pole aeromagnetic data from the Greenvale -Lucknow area. The 1:100,000-scale geological contacts and geological codes are 
shown superimposed.



Chapter 5SCONI Ni-Co-Sc Deposit Deposit

123Northeast Queensland Mineral Province Deposit Atlas

Figure  5.31 . Image of the gravity data from the SCONI area. Note the approximate gravity station spacing in this area is 4km. The 1:100,000-scale geological contacts and 
geological codes are shown superimposed.
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Figure  5.32 . Image of the airborne radiometric data (Potassium channel) from the SCONI area. The 1:100,000-scale geological contacts and geological codes are shown 
superimposed.
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Figure  5.33 . Image of the airborne radiometric data (Uranium channel) from the SCONI area. The 1:100,000-scale geological contacts and geological codes are shown 
superimposed.
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Figure  5.34 . Edited picture of the geological map produced by the BMR and GSQ mapping (Green, 1958). The Boiler Gully and Greek complexes are circled in red.
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plus 2% have been traced by drilling to a depth 
of 25 m below the base of lateritisation (Fletch-
er and Couper, 1975).

DISCOVERY METHOD
Greenvale and Lucknow: Nickel was rec-
ognised at Greenvale, Lucknow and San-
dalwood deposits during a joint mapping and 
sampling project of the laterite by the Bureauof 
Mineral Resources (BMR) and the Geological 
Survey of Queensland (GSQ) from 1956 to1958 
(Figure 5.34 from Green, 1958). It was conclud-
ed that the Ni laterite mineralisation was too low 
grade to warrant follow-up exploration (Fletcher 
and Couper, 1975).
In 1966, Metals Exploration N.L. discovered a 
nickel-enriched silicate zone beneath the ferru-
ginous cap tested by the BMR and initial chip 
samples of an outcrop of the zone returned 
values in excess of 3 per cent nickel. The test-
ing program that followed included more than 
5,000 m of rotary air blast (RAB) drilling, shaft 
sinking and bulk sampling from trenches. By 
1969 a reserve of 40,000,000 tonnes (dry) of 
ore averaging 1.57 per cent nickel and 0.12 
per cent cobalt had been established. In 1967 
a Joint Venture was formed between Metals 
Exploration N.L. and Freeport Australia Inc. 
and mining commenced in 1974 (Fletcher and 
Couper, 1975). 
Kokomo: The first exploration for nickel within 
laterite hosting the Kokomo Ni-Co-Sc deposit 
(‘Valley of Lagoons’ laterite) was in 1968 when 
Loloma Ltd took up A to P 1062M to explore for 
basemetals. Loloma conducted soil and rock 
chip sampling, mapping and eight ‘widely and 
irregularly spaced’ open drill holes along the 
NNE trending serpentinite. Generally Ni grades 
were low, although some holes intersected 
>1% Ni (Anon, 1975; Burger, 1992). In 1992 
Queensland Nickel Management Pty Ltd con-
ducted HQ aircore drilling on a 40 x 20m grid. 
Assay results showed that Ni and Co grades 
that ‘could be of commercial significance are 
erratically distributed within the Valley of the 
Lagoons laterites’ (Burger, 1992).
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