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Wolfram Camp Tungsten Deposit
McIntyre Mine, Wolfram Camp, circa 1918 (https://historicalaustraliantowns.blogspot.com/)

OVERVIEW
The Wolfram Camp W-Mo-Bi mine was discovered in 1888 and during it’s mine life produced
approximately 10,243 t of wolfram, molybdenum and bismuth, between 1894 and 2017. It
can be classified as an intrusion-related greisen system. The mine closed in 2018 and is
currently on care and maintenance.

LOCATION
Wolfram Camp is located 90 km WSW of Cairns
in northeast Queensland and is accessible by
sealed road (130 km) from Cairns (Fig. 1.1).

Geological Domain
Hodgkinson Province, Mossman Orogen (Fig.
1.1).

Co-ordinates
Long 94: 140° 58’ E; Lat 94: 17° 05’ S

high grade quartz ‘pipes’ or ‘lodes’ within the
altered granite (De Keyser and Wolff, 1964). In
1906 the Irvinebank Company, installed a 10head stamp battery to concentrate mixed metal
ores which would allow the treatment of lower
grades. In 1917 the Thermo Electric Ore Reduction Corp Ltd took over the running of the
Irvinebank Company mines and built a 45 mega-litre dam and installed a 20-head stamp
battery and equipped the largest mines with
‘haulage and compression units’. In 1920 the
world market price of tungsten collapsed and
the mine closed.
From 1921 to 2017 the mine operated intermittantly, with numerous upgrades to the known
mineral resources and the processing plant. Of
particular note were:
•

a period from 1967 to 1972 when Metals
Ex completed significnat underground
mining

•

by 1983 the eluvial deposits were exhausted and two declines were developed and significant underground mining occurred in the 1970-80’s

•

completion of a significant drilling pro-

GDA94 Z55S: 283,900E 8,109,950N

NATURE OF MINE
Mined Commodities
Wolfram Camp is predominantly a tungsten
mine (WO3), however, it also contains significant molybdenum and bismuth.

Mining Method
From 1894 to 1906 individuals or small working parties mined W, Mo and Bi from alluvial
and elluvial deposits (Figure 1.2), using manual hand sorting. After 1906 mining mostly involved hard rock extraction, via a system of
underground adits, shafts and stopes, from

gram in the early 2000’s to define the
lower grade halo mineralisation, with
subsequent significant open pit mining
occuring intermittantly until the mine
was most recently placed under care
and maintenance conditions in 2017.

Depth of Mining
The current open pit extends to a depth of approximately 100m pit depth, and the underground workings appear to reach a depth of
170m (Plimer, 1975).

ORIENTATION AND DIMENSIONS OF
MINERALISED BODIES
The mineralisation occurs in quartz pipes, mica
and quartz greisens at the top, or roof, of the
James Creek granite in contact with hornfelsed
sediments. The granite – sediment contact dips
at 40 to 60 degrees to the North to NNE (Figures 1.4 and 1.5).
The overall known extent of the mineralised
pipes at Wolfram Camp covers a strike length of
approximately 800m, a depth of approximately
170m and a width of approximately 200m (depending on the topography).

Table 1.1: Reported Reserve and Mineral Resource from the Wolfram Camp deposit, as at August 2015
(Wheeler, 2015). The Mineral Resource is inclusive of the Reserve.

Classification Tonnage

Grade

Reserve Probable:

375,000t

0.22% WO3

Resource Indicated:

514,000t

0.23% WO3 and 0.07% Mo

Resource Inferred:

1,879.000t

0.31% WO3 and 0.08% Mo
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PRODUCTION
Historic Production
Historic production is poorly documented, but
the key periods of production included the following:
•

From 1894 to 1960 the field produced
approximately 8,341 t of combined wolframite, molybdenite and bismuth concentrate (De Keyser and Wolff, 1964).

•

Production is reported from 19671972 by Metals Ex as totalling 24,800t
(Noakes and Associates, 1981) from
which 606t of 70% WO3 concentrate,
247t of 85% MoS2 concentrate, and 68t
of 65% Bi concentrate were recovered.

•

Mount Arthur Molybdenum produced
approximately 8,000t of underground
ore in six years, likely mid-1975 to mid1981 (Noakes and Associates, 1981).

Recent Production
Open pit production was ramped up throughout
2012 by Deutsche Rohstoff and continued operating through 2014. The plant treated 345,000t
of ore at an average grade of 0.22% WO3 with
a recovery of 67% during 2014 (Wheeler, 2015)
In 2014 the operation was sold to Almonty Industries, which continued production until 2017.

RESOURCES
As of 31st August 2015 the resources for Wolfram Camp were as follows (Wheeler, 2015):
Mineral Resource
Indicated: 514,000t @ 0.23% WO3 and 0.07%
Mo
Inferred: 1,879.000t @ 0.31% WO3 and 0.08%
Mo
These resources were based on a 0.1% WO3
cut-off; a price of US$ 400 / mtu WO3 and US$
25,000/t MoS2. The historic underground mined
material was removed from the resource and
resources are inclusive of reserves (Wheeler,
2015).
Figure 1.1 (above). Location of the Wolfram Camp tungsten deposit in the Hodgkinson Province (Hodgkinson
Formation) in NE Queensland, adjacent to the intrusions of the Kennedy Igneous Association.
Figure 1.2 (below): The historic Wolfram Camp Mineral Field from Morton and Ridgeway (1944), based on a map
by Ball (1913)

RESERVES
As of 31st August 2015 the Reserve for Wolfram Camp was as follows (Wheeler, 2015):
Probable: 375,000t @ 0.22% WO3
The Reserve is included in the Mineral Resource noted above.

REGIONAL SETTING
Wolfram Camp occurs within the Palmer –
Barron sub-province of the Mossman Orogen,
which comprises Silurian to Devonian age
deep marine turbidite sequences of the Hodgkinson Formation (Figures 1.1, 1.3 and 1.7).
The Hodgkinson Formation was intruded by
Permian – Carboniferous granites and overlain by the Carboniferous Featherbed Volcanic
Group (Henderson and Donchak al, 2013). The
Wolfram Camp deposit is hosted within a greisen on the northern contact of the James Creek
Granite, which is part of the Ootann Supersuite
(Liu et al, 2017).
The Hodgkinson Formation of the Palmer–Barron Sub-province is remarkably uniform with
steeply dipping strata that define steeply plunging asymmetric folds. The unit consists mainly
of sandstone, siltstone and mudstone with sub-
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ordinate stratiform chert, mafic volcanic rocks
and conglomerate layers. Rare limestone and a
single small ultramafic body are also represented. The sandstones are dominantly quartz-intermediate greywacke. The rocks are multiply
deformed and have been metamorphosed to
greenschist facies (and reaches biotite grade
in some areas). Bedding is generally steeply
dipping and mesoscopic folds are widespread
(Henderson and Donchak al, 2013).

HOST ROCKS
Mine Stratigraphy
The Wolfram Camp mineralisation is hosted by
the Carboniferous James Creek Granite, which
has intruded Hodgkinson Formation sandstone.
The mineralisation and alteration is located at
the northern contact between the sedimentary
rocks and the granite. The north-western part of
the Wolfram Camp area is overlain by the late
Carboniferous Beapeo Rhyolite (Figure 1.4).
The James Creek Granite, has been extensively altered over approximately 3 km length of
the contact with the sedimentary and volcanic
rocks. The contact appears to dip at 40° to 60°
to the north around the arcuate northern edge
of the granite.
The Hodgkinson Formation at Wolfram Camp
is steeply dipping and the sediments typically
young to the west, (Henderson and Donchak,
2013). The Formation is aged from late Carboniferous to Katian, (323 ± 20 Ma to 447 ± 4 Ma;
Jell, 2013). The Hodgkinson Formation, which
has undergone multiple deformation events,
mainly comprises a deep marine turbidite sequence, with inter-layered arenite, siltstone,
mudstone, with minor chert, volcanic rocks and
conglomeratic layers (Donchak and Bultitude,
1998). The Hodgkinson Formation has been
contact metamorphosed adjacent to the James
Creek Granite and comprises a fine grained
hornfels with quartz as the most abundant mineral and smaller amounts of biotite, muscovite,
chlorite, calcite, opaque minerals (magnetite?)
and albite (Plimer, 1974).

IGNEOUS ROCKS IN REGION
Granitoids (after Lui et al, 2017)
The James Creek Granite hosts the Wolfram
Camp mineralisation and is part of the Carboniferous Ootann Supersuite. The Ootann Supersuite granites are dated at 304.7±1.6 Ma to
308.6±3.9 Ma (Murgulov et al, 2006) and have a
distinct W, Mo and Bi metallogenic association,
reflected by the late stage siliceous greisen alteration at Wolfram Camp. The James Creek
Granite at Wolfram Camp is a moderately to
strongly altered coarse grained biotite monzogranite comprising dominant quartz, with intergrown K-feldspar, sodic plagioclase and minor
biotite. The K-feldspar and plagioclase in the
granite are ubiquitously greisen-altered, and
commonly replaced by muscovite and quartz
along cracks and twinning planes. Pegmatite
and aplite are common in the roof zone of the
intrusion, and both display local graphic texture
and greisen alteration. The fractionated and oxidised character of the James Creek Granite is
favourable for mineralization of tungsten, molybdenum and tin (Lui et al, 2017).

Figure 1.3. Location of the Wolfram Camp tungsten deposit in the Hodgkinson Province (Hodgkinson Formation) in
NE Queensland with map of total magnetic intensity (1VD).

composition to the James Creek Granite and
has a porphyritic texture composed of quartz
and feldspar phenocrysts within a matrix of biotite, muscovite and fine grained quartz. The
feldspar grains are commonly altered by kaolinite, chlorite and sericite. The rhyolite has
a minimum thickness of 600m and overlies
the James Creek granite and the Hodgkinson
Formation (De Keyser and Wolff, 1964). The
Beapeo Rhyolite is part of the Featherbed Volcanic Group, which occupies the Featherbed
Cauldron, as well as the adjacent smaller Eight
Mile and Boonmoo Cauldrons (Oversby et al.,
1980; Mackenzie, 1993). The Group is dated
at 278-313 Ma (Mackenzie, 1993). Some 95%
by volume of the Featherbed Volcanic Group is
welded ignimbrite, and the remaining 5% comprises dacitic to andesitic lavas, and rhyolitic
lava flows and domes (Mackenzie, 1993).

METAMORPHIC GRADE

The regional metamorphic grade is greenschist
facies, however, thermal metamorphism assoThe Beapeo Rhyolite has a similar chemical ciated with intrusion of the James Creek gran-

Volcanic Units (after Lui et al, 2017)

ite has resulted in the recrystallization of quartz
grains and formation of massive silica hornfels
on the contact.

STRUCTURAL CHARACTERISTICS
Structural Setting (after Cheng et al,
2017)
The Hodgkinson Province is a NNW trending basin formed during the Siluro-Devonian
and is bounded to the west by the north-south
Palmerville fault (Figures 1.1 and 1.3), which is
interpreted to be an east dipping, listric, normal
fault, which controlled the basin development of
the Mossman Orogen (Vos et al, 2006; Korsch
et al., 2012). The eastern boundary to the province is uncertain, but it appears bound by the
Barnard Metamorphics (Withnall et al, 1987).
There are two models for the tectonic origin of
the Hodgkinson Province during the Cambrian
to Devonian;
1. The back-arc model is based on the development of mafic magmatism during the
Ordovician to Silurian in the northern part of
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Orogeny (Davis et al., 2002; Withnall and Henderson, 2012):
D1: The first major deformation event (D1),
was a Late Devonian - Early Carboniferous
shortening event that terminated basin sedimentation and initiated formation of the characteristic north-south trending structural grain.
F1 folds are uncommon, typically isoclinal, and
have steep axial planar S1 foliations that form
a slaty cleavage. Extensive north-south trending zones of tectonic melange (colloquially referred to as brokenite) were produced during
D1 thrusting and folding and are the prevalent
rock-type in the Watershed area.
D2: The D2 deformation was a major contractional event that accentuated pre-existing northsouth trending D1 structures to produce D1- D2
composite features. F2 folds are north – south
trending with a steeply dipping, axial planar S2
foliation. Mesoscopic F2 folds are close to tight
in style and the S2 foliation is commonly a differentiated crenulation cleavage. A major F2
fold occurs to the west of the Watershed project
area and has been cut by the Permian Kelly St
George Granite.
D3: The D3 event produced shallowly-dipping
structures, including recumbent mesoscale F3
folds and a crenulation cleavage that is commonly differentiated. D3 structures were well
developed in Permian granite metamorphic aureoles, spanning a period from pre- to syn-granite emplacement.

Figure 1.4. Local geology at Wolfram Camp (Lui et al, 2017) .

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.
2. The fore-arc model (Henderson et al.
2011), involves westward directed subduction of oceanic crust below the eastern rim
of Gondwana, 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.

a multiphase deformation history spanning the
Devonian to the Permian. Deposition was terminated and the orogen was comprehensively
tectonised by crustal shortening in the Late Devonian, broadly correlated with the Tabberabberan Orogeny of the Lachlan Orogen. Much of
the Hodgkinson Province was later shortened
by the late Paleozoic–Triassic Hunter-Bowen

D4: The D4 deformation was a relatively weak
contractional event that produced extensive
zones of sub-vertical, north-south trending foliation, commonly as a product of intensification
of pre-existing, similarly oriented D2 structures.
F4 folds are uncommon and the axial plane locally manifests as a crenulation cleavage seen
only in thin-sections. Emplacement of several
of the granite supersuites in the Hodgkinson
Province, including the extensive Whypalla Supersuite, occurred during D4.
Two weak, non-penetrative crenulation cleavages without folding post-date D4 (Davis et al,
2002)

Recent seismic studies by Korsch et al. (2012)
suggest that the Mossman Orogen formed
largely as a fore-arc accretionary subduction
complex (Figure 1.7), which was subsequently heavily deformed following deposition and
thrust westwards to be now underlain by older
rocks that are probably equivalent to those in
the Greenvale and Charters Towers Provinces
to the south (Champion and Bultitude, 2013).

Structural History
The Palmer – Barron Sub-Province experienced
Figure 1.5. Schematic cross section of the geometry of
the Wolfram Camp granite and greisen mineralisation,
viewed from the north-west (Wheeler, 2015)
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Figure 1.6. 1:100,000 scale geological mapping of the area around Wolfram Camp (from Geological Survey of Queensland GIS database).
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Figure 1.7. Diagram showing the tectonic development
of the Broken River Province from Ordovician to Silurian
time (Henderson et al, 2011)

Major Structural Styles
The mineralisation is solely hosted within greisens at the top of the James Creek Granite, in
contact with the hornfelsed turbidites of the Hodgkinson Formation. There are no local faults or
vein sets that control the mineralisation, however, the ‘Quartz pipes’ are thought to be localised
by intersecting sub-horizontal and sub-vertical
joints (Figure 1.5). The high grade wolframite,
molybdenite and sulphide occurs within erratic pods, pipes and veins, scattered throughout
the greisen zone (Figure 1.5). Pipes extend
to a maximum depth of 200 m and can range
from a few centimetres to 10m wide. The pipes
are typically elliptical in cross section and are
bulbous, branching, discontinuous and steeply
inclined. They generally dip towards the granite-sediment contact. The pipes become more
branching close to the surface and rarely flatten
out to narrow veins. They occur within 200 m of
the Elizabeth Creek Granite - Hodgkinson Formation contact and abruptly stop where they
meet the contact (Plimer, 1974; Morton and
Ridgway, 1944). Flat mineralised quartz veins,
associated with a network of sub-horizontal
and vertical cooling joints are also described.
These networks of veins defined irregular pipes
despite their flat attitude (Morton and Ridgway,
1944).
Mining at Wolfram camp initially focussed
on extracting the high grade pipes, however,
during the open cut mining the remnant high
grade mineralisation and low grade greisen
mineralisation was extracted. The mineralised
ore-bodies tend to dip shallowly, to moderately,
to the north and north-east (Figure 1.8A-C).

Controlling Structure
The contact between the James Creek Granite and the Siluro-Devonian Hodgkinson Formation sedimentary and volcanic rocks, dips
at 400 to 600 to the north to north-north-east
(NNE). The mineralisation occurs at the arcuate
northern margin of the James Creek Granite in
contact with Siluro-Devonian Hodgkinson Formation sediments and volcanics. The top of the
granite comprises sheets and dykes of greisen
and irregular, vuggy, quartz pipes. The greisen
contains low to moderate W and Mo mineralisation, whereas the quartz pipes contain high
grade mineralisation.

vughs and has “bungs” or lumps of wolframite,
molybdenite, native bismuth (generally coated with bismuthinite), scheelite, pyrite, arsenopyrite, pyrrhotite and minor calcite, siderite,
chalcopyrite, fluorite, sphalerite, galena and
cassiterite. The “bungs” of wolframite can be
Greisenisation is a high temperature up to and over 1m in diameter and molybdenite
(300°C-500°C) granite-related hydrothermal bungs can be up to 0.5m in size, thereby crealteration process that generally occurs under ating difficulties in establishing the grade disthe influence of a residual acid solution with tribution using standard drilling and sampling
high silica and volatile contents. It is typical of techniques. Pipes can vary in grade from pipe
felsic and ultra-felsic magmas where the intru- to pipe, but generally, there is a consistency of
sions are formed at moderate to shallow depths grade along a pipe. Also, pipes can either be
(1.5 - 4 km). Generally, the alteration process rich in Mo or W. Pipes can vary in shape from
Post-mineralisation Structures
alters the feldspar component in granite into a cylindrical shape to a sheet or elongated vein
No appreciable post-mineralisation structures
an aggregate of quartz, muscovite and minor (Figure 1.10 A and B).
are present.
amounts of topaz and tourmaline; the aggre- Type 2: Quartz Greisen. Consists of vughy
gates of muscovite can also be converted to crystalline quartz with variable (and sometimes
quartz when the alteration intensity is high. At rich) disseminated wolframite, molybdenite,
WALL ROCK ALTERATION
Wolfram Camp the greisen is mainly composed bismuth, scheelite, pyrite, arsenopyrite and
Alteration and mineralisation occur in the ‘roof
of muscovite and quartz with little fluorite, and other minor minerals including mica. Mineral
zone’ of the granitic intrusion near the contact
has been classified into two types: quartz-rich grains of wolfram and molybdenite commonly
with the Hodgkinson Formation metasediments
greisen with more than 90% quartz, and mus- vary in size between 0.5 mm to 1 cm in this aland are considered to be related to post-intrucovite-rich greisen formed by a relatively weak teration type although finer and coarser grained
sion hydrothermal activity (Plimer, 1974). The
alteration and with less than 90% quartz com- mineralisation has been noted (Figure 1.10C).
quartz pipes and sheets formed in cooling fracponent (Lui et al, 2017).
Type 3: Mica Greisen. Consists of variable but
tures parallel to the contact and in vertical to
sub-vertical tension joints. These fractures and Tenneco (1982) renamed the alteration types increasing amounts of muscovite and decreasjoints were best developed in the vicinity of rolls into mappable units for the purposes of eco- ing quartz with only minor disseminated ecoand flexures in the contact. Greisenisation is nomic evaluation of the field. These units are nomic minerals and other sulphide minerals. No
the main type of alteration in the study area, numbered 1 to 5 in order of decreasing alter- relict granitic textures are noted. Grain sizes of
heavy minerals exhibit similar sizes to the grain
and is more intense around the pipe-like ore- ation development (from the central pipe):
bodies (Plimer, 1974). The greisen alteration Type 1: Quartz Pipe. Consists of white to clear sizes in the quartz greisen (Figure 1.10C).
is restricted to the granitic intrusion and is not or smoky quartz. The pipe commonly contains Type 4: “Green Spot” argillitic-sericitic alter-
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observed in the sandstone wall rocks, possibly
because the massive hornfels formed by thermal metamorphism effectively confined the hydrothermal fluids to the granite (Lui et al, 2017).
Figure 1.5 provides a diagram of the alteration
within the granite.
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Figure 1.8. Drill plan (left top) and selected sections
A-A’ (centre) and E-E’ (bottom) from the Wolfram Camp
deposit. The coloured blocks from the resource model
represent grade (WO3 ppm). From Wheeler (2015).

ation. Blotchy cream and green argillitic-sericitic altered granite. Generally little to no mineralisation is recorded with this alteration product
near the surface. However increasing molybdenite and scheelite mineralisation is recorded
at depth with this alteration type.
Type 5: Variable silicification, muscovite, sericite, argillite alteration within granite. This alteration product can be very weak or pervasive
and contains variable but generally very minor
mineralisation (Barton, 1999).

MINERALISATION
There are three principal types of mineralisation; Quartz pipes, Quartz greisens and Mica
greisens.
Quartz pipes comprise white to clear or smoky
quartz, commonly containing vughs and with
lumps of wolframite, molybdenite, native bismuth (often coated with bismuthinite), scheelite,
pyrite, arsenopyrite, pyrrhotite and minor calcite, siderite, chalcopyrite, fluorite, sphalerite,
galena and cassiterite. The lumps of wolframite
can be over 1m in diameter and molybdenite
lumps can reach 0.5m in diameter. Grades vary
between pipes but grades in individual pipes
tend to be consistent. Some pipes are wolframite rich, while others are molybdenite rich. Pipes
can vary in shape from cylindrical to sheets, or
elongated veins.
The second type of mineralisation occurs within quartz greisen zones, and consists of vuggy
crystalline quartz with variable, and sometimes
rich, disseminated wolframite, molybdenite, bismuth, scheelite, pyrite, arsenopyrite and other
minor minerals including mica. Mineral grains
of wolframite and molybdenite vary commonly between 0.5mm to 1cm, although finer and
coarser grains do occur. Mineralised greisen
is generally present around most pipes, and
in some areas forms more or less continuous
zones between the pipes.
The third type of mineralisation occurs within
mica greisen zones, with increasing amounts of
muscovite and decreasing quartz; with only minor disseminated wolframite and molybdenite
and other sulphide minerals. No relict granitic
texture is visible. Grain sizes of the target minerals are similar to those in the quartz greisen.

Mineralogy (Lui et al., 2017)
Mineralization at the Wolfram Camp is, closely
related to post intrusive hydrothermal events.
The orebodies with significant wolframite and
molybdenite occur as pipe-like bodies and discontinuous pockets of quartz located in the roof
zone of the intrusion. Scheelite, cassiterite, bismuth, bismuthinite and some base metal sulfide minerals also occur in the alteration zone.
The hydrothermal mineralisation process can
be divided into stages and the paragenetic sequence is summarized in Figure 1.13 (Lui et al,
2017).
Quartz pipes and greisen stage
This is the main mineralization stage. Quartz,
minor muscovite and a trace amount of fluorite crystalized in the channel of the acidic silicon-rich hydrothermal fluid where the
ore-forming space is adequate, and formed the
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euhedral quartz crystals and miarolitic cavities.
The pipes vary in diameter from 1 m to more
than 20 m, and in length from 3 m to more than
200 m. All of them occur in the granitic intrusion
along the contact (Blanchard, 1947). The concentration of ore minerals is markedly high in
the pipes. Massive wolframite and molybdenite
and bismuth formed within the pipes (Figure
1.10A), and the ore mineral grains can be up
to 30cm across. Molybdenite is intergrown with
wolframite and is thus assumed to have formed
contemporaneously with the wolframite. Native
bismuth and bismuthinite are minor but ubiquitous in the pipes, formed slightly later than
wolframite and molybdenite. A small amount
of cassiterite formed as a late phase in this
stage, occurring along an outer crystal zone in
the quartz crystals in the pipes and on the surface of the wolframite. Some pegmatite occurs
as coarse grained quartz and K-feldspar at the
margin of some pipes, and reflects the transition
from magma to hydrothermal fluid. The pegmatite formed in the early stage of the evolution
of the magmatic hydrothermal fluid, and earlier
than the greisenisation, which is evidenced by
the alteration occurred in the pegmatite K-feldspar grains (Figure 1.10B).
In addition to the fluid channels related to pipe
formation, the granite has been affected by hydrothermal fluid and greisenised with the replacement of feldspar grains by muscovite and
quartz. The highly altered quartz-rich greisen
formed adjacent to the pipes, mica-rich greisen formed slightly further from the pipes, and
the greisenised granite even further away from
the pipes. Tungsten and molybdenum mineralization is mainly restricted to the pipes and
the greisen alteration zones. The ore minerals,
including wolframite and molybdenite, are disseminated in the greisen zones, and the grain
sizes, around 1 to 2 cm in diameter, are much
smaller than in the pipes (Figure 1.10C). There
is a decrease in ore mineral content moving
away from the pipe to unaltered granite. Compared with the pipes, the ore concentration
in the quartz-rich greisen is much lower, and
is even lower again in the more distal muscovite-rich greisen and greisenised granite.
Sulfide stage
This stage is characterized by multiple base
metal sulfides, including arsenopyrite, pyrrhotite, chalcopyrite, pyrite, and minor galena and
sphalerite. These minerals mainly fill vugs and
fractures between the quartz grains within the
pipes and greisen, and some cross cut the wolframite. Large euhedral quartz crystals can be
found with the massive sulfides (Figure 1.10D).
The crosscutting relationships exhibited by the
sulfides indicate that the pyrrhotite formed relative early, and the chalcopyrite and arsenopyrite formed later. Pyrite formed extensively with
a variety of textures and it is hard to determine
its exact formation time.
Calcium stage
This stage is characterized by the introduction of calcium. Calcite occurs in vugs and
fractures, fills nearly all the open space left in
the alteration zone, and cross-cuts almost everything, including wolframite, sulfide and the
Contact of the granite and the wall rock. Clasts
of quartz and base metal sulfides have been
found contained in a calcite cement. Scheelite
also formed in this stage by replacing wolframite along grain margins (Figure 1.10E).
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Post-hydrothermal stage
No ore minerals formed during this stage. Kaolinite replaced some of the feldspar grains in
the granite, either due to alteration or weathering. Magmatic biotite was commonly replaced
by hematite and chlorite. The formation of the
minerals associated with this stage may be
closely related to the action of ground and/or
meteoric water.

EXPLORATION GEOCHEMISTRY
Stream Sediment Geochemistry
Although surface geochemistry was not used
to find the mineralisation at Wolfram Camp, it
can be an effective tool in defining this style of
mineralisation. Regional -80# stream samples
were taken from drainages around Wolfram
Camp in the late 1970’s to early 1980’s with the
aim of defining hidden Sn – W mineralisation
(Meates, 1979). Samples were collected no
more than 2km downstream of the headwaters
of 3rd and 4th order streams and analysed for
W, Sn, U (XRF); As, Cu, Bi, Mo (AAS) and F
(SIE method 17). Any samples returning values >50ppm W, >40ppm Sn, >15ppm As were
considered anomalous (Meates, 1979). The
streams draining the Wolfram Camp deposit
returned assay values of >80ppm W and up
to 725ppm W; >20ppm Mo; >20ppm Bi (up to
80ppm Bi); >10ppm Sn (up to 30ppm). Refer to
Figure 1.11, 1.13 and 1.14 for anomalous tungsten in streams draining Wolfram Camp.

Figure 1.9. Paragenetic sequence at Wolfram Camp
(Lui et al, 2017).

of how effective surface geochemistry is in this
area. The soil samples were collected at 40m
spacing along the line and 100m between lines.
Each sample was collected from B-horizon soils
(0.5kg / no size fraction given) analysed for W,
Sn (XRF), As, Cu, Pb, Zn, Ag and Bi (AAS).
All elements except Ag were anomalous with
W values up to 1785ppm (on old workings),
Sn up to 918ppm, As up to 240ppm, Pb up to
2100ppm and Zn up to 1800ppm (Figure 1.12;
Meates and Ridge, 1980). 1:2,500 scale grid
mapping identified disseminated Pb-Zn-Cu-Fe
sulphides in a felsic quartz-feldspar porphyry.
The highly anomalous Pb-Zn in soils is attributed to a buried W-Mo-Bi system (Meates and
Ridge, 1980).

GEOPHYSICAL EXPRESSION
The Wolfram Camp deposit area was covered
by the 1999 200m-line spaced data flown by
the GSQ as part of the Hodgkinson-Georgetown Block B Survey (No. 1092).
The resulting magnetic (RTP-1VD) and radiometric images are provided in Figures 1.151.18. There is not a strong signature from the
Wolfram Camp deposit, although the magnetic
response over the immediate mine displays a
distinct low zone. However, given mining has
been undertaken there for more than a decade
it is unclear if this low is related to magnetic destruction, or mining/infrastructure related.

The aeromagnetic data and radiometric data
strongly differentiate the overprinting granite
There are no soil sampling surveys over Wolbodies in the area, with the magnetic data sugfram Camp, however, soil sampling at the Four
gesting the Wolfram Camp deposit, whilst lomile prospect to the WNW, gives an indication
cated on the contact of the James Creek GranSoil Geochemistry
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Figure 1.10. Hand specimen and dril core samples from Wolfram Camp.
A. Coarse ore minerals from a quartz pipe (Lui et al, 2017)
B. Pegmatite located at the margin of a quartz pipe. K-feldspar crystals have been altered to
muscovite and quartz (Lui et al, 2017).
C. Ore minerals in greisenized granite (a) muscovite-rich greisen, (b) quartz-rich greisen (Lui
et al, 2017)
D. Base metal sulfides infilling open space in ore-bearing quartz pipes.
E. Scheelite formed in the factures and along the margin of the wolframite (The right photo is
an image under UV light).

ite (which is in the footwall to the deposit), may
also sit on the southern margin of ana approcimate 10km diameter body of the Late Carboniferous Worcester Granite.

TIMING OF MINERALIZATION
Relative Timing
The mineralisation is hosted within and therefore postdates the intrusion of the James Creek
Granite, although the deposition of wolframite,
molybdenite and bismuthinite is associated with
late stage, ‘post intrusion hydrothermal events’
(Lui et al, 2017).

Absolute age
The James Creek Granite has been dated at
307±7 Ma by U-Pb (LA-ICP-Ms) analysis of zircons picked from fresh granite samples. Ar-Ar
(VG1200S) dating of muscovite picked from two
greisen samples provided ages of 308 ± 3 Ma
and 305 ± 3 Ma (Cheng et al, 2017a). Two molybdenite samples from the ore body provided
ages of 306 ± 2 Ma and 306 ± 3 Ma using the
Re - Os (Thermo Scientific Trition) dating method (Cheng et al, 2017a) . The dating results indicate that, within error, the age of the greisen
and the ore bodies are similar to the age of the
James Creek Granite, suggesting a probable
genetic relationship between the James Creek
Granite and the Wolfram Camp mineralisation.

GENETIC MODEL
The Wolfram Camp mineralisation occurs in the
greisenized roof of the James Creek Granite,
which is a typical post orogenic, fractionated,
S-type granite, within the Sn and W mineral field
of the Kennedy Igneous Province. Greisenization is a common hydrothermal alteration associated with Sn-W and rare metal deposits that
are usually spatially and genetically associated
with fractionated crustal granitic intrusions.
Launay et al (2019) have described the greisenization process in Sn – W granites and the enhanced permeability created by the alteration
of feldspars and biotite. Wheeler (2015) notes
that the development of ‘erratic pods, pipes and
veins, scattered throughout the greisen zone,
in which the majority of sulphide, wolframite
and molybdenite is contained’, including descriptions of quartz pipes containing vugs up to
20m x 10m x 7m3 in size (Morton and Ridgeway, 1944), is assumed to be the continued enhancement of porosity through alteration of the
original granite.

POST-FORMATION MODIFICATION
The mineralisation has been exposed by uplift
and erosion since it was deposited in the Permian. No significant hydrothermal alteration,
metamorphism or fault displacement or truncation of the mineralisation has occurred. On
the basis of drilling results, surface oxidation
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is confined to the top 5m with partial oxidation,
down faults, extending to 20 to 30m from the
surface (Wheeler, 2015).

EXPLORATION HISTORY
Discovery Method
The discovery of Wolfram Camp was made
by a cattle drover in circa 1888, who noticed
‘big blotches of black mineral in the outcrop’,
when looking for tin shortly after the Hodgkinson goldfield was discovered. In 1891 a tin
miner named John James started mining at
Wolfram Camp (The North Queensland Register, 1899). The earliest mining records are from
1894 (Morton and Ridgway, 1944). Mining continued throughout the early 20th century and
after 1920s sporadically until the project went
into care and maintenance in 2017. Exploration
since the 1960s has mainly involved shallow
RC, diamond drilling or blast holes (BEX) testing of the strongly altered northern contact of
the James Creek granite along strike from, or
infilling, the known mineralisation.

Figure 1.11. Anomalous W in -80# stream samples
draining Wolfram Camp. Note W to 725ppm approximately 500m north of the deposit.
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Figure 1.12. Soils sample data from the Four Mile soil survey; W ppm (top) and Pb ppm (bottom). The Four Mile prospect is located approximately 6km to the northwest of the Wolfram Camp deposit.
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Figure 1.13. Tungsten (W) values from the regional stream sediment data from the Wolfram Camp district. There is a notable +50ppm halo to the deposit stretching to
between 1-3km from the deposit. Data sourced from the GSQ Open Data Portal website (https://geoscience.data.qld.gov.au/geochemistry/whole-of-queensland-geochemistry-databases), refer to Northeast Queensland 2016 Data Package. Refer to Figure 1.6 for the geological legend.
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Figure 1.14. Arsenic (As) values from the regional stream sediment data from the Wolfram Camp district. There is a potential subtle +10ppm halo to the deposit, particularly to the south stretching to between 1-3km from the deposit. Data sourced from the GSQ Open Data Portal website (https://geoscience.data.qld.gov.au/geochemistry/whole-of-queensland-geochemistry-databases), refer to Northeast Queensland 2016 Data Package. Refer to Figure 1.6 for the geological legend.
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Figure 1.15. Image of airborne magnetic data (RTP-1VD) from the Wolfram Camp area.
The immediate deposit area represents a minor magnetic low, although it is unclear if this is related to mining and infrastructure effects. Notable points from the data
include the strong magnetic signature related to the Late Carboniferous Worcester Granite (Cgw), most particularly at its contact with the arenite/mudstone member of
the Devonian Hodgkinson Formation (Dh/am). The geometry of the magnetic signature suggests the Wolfram Camp deposit sits on the southern margin of an approximate 10km diameter pluton of the Worcester Granite, which is only partly outcropping, with remnants of the Hodgkinson Formation rocks still inplace above the pluton.
Other notable signatures evident from the data include:
-

the relatively low intensity magnetic signature of both the Devonian Hodgkinson Formation (Dh) metasedimentary rocks in the northeast and the Early Permian
Arringunna Rhyolite (Pfa) in the southwest.

-

The relatively high intensity magnetic signature of the Fisherman (Early Permian - Pff) and Muirson (Late Carboniferous - Cbm/1) Rhyolites to the south of the
Wolfram Camp deposit

-

The generally high intensity, but variable, signature of the James Creek Granite (Late Carboniferous - Cgoja)

Data is sourced from the GSQ Open Data Portal website (https://geoscience.data.qld.gov.au), and is from survey number 1092 “HODGKINSON - GEORGETOWN
BLOCK B (GSQ). The data was collected in 1999 utilising a 200m line spacing. Refer to Figure 1.6 for the geological legend codes.
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Figure 1.16. Image of airborne radiometric data - potassium (K) from the Wolfram Camp area.
The immediate deposit area represents a moderate potassium signature. Other notable signatures evident from the data include:
-

the Early Permian Arringunna Rhyolite (Pfa) in the southwest provides a moderate to strong potassium response.

-

the strongest potassium response in the area is from the relatively high intensity Atlanta Granite (Late Carboniferous - Cga) in the southeast.

-

teh Hodgkinson Formation rocks (Dh) appear typically low in potassium response.

Data is sourced from the GSQ Open Data Portal website (https://geoscience.data.qld.gov.au), and is from survey number 1092 “HODGKINSON - GEORGETOWN
BLOCK B (GSQ). The data was collected in 1999 utilising a 200m line spacing. Refer to Figure 1.6 for the geological legend codes.
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Figure 1.17. Image of airborne radiometric data - thorium (Th) from the Wolfram Camp area.
The immediate deposit area is on a steep gradient from the high intensity James Creek Granite (Cgoja) to the southwest (footwall to the deposit) to the Hodgkinson
Formation to the northeast, which has a generally low thorium response. This general pattern in this area is common for granitic terranes where the granites typically
have a high, but variable, thorium sognature relative to host rocks.
Data is sourced from the GSQ Open Data Portal website (https://geoscience.data.qld.gov.au), and is from survey number 1092 “HODGKINSON - GEORGETOWN
BLOCK B (GSQ). The data was collected in 1999 utilising a 200m line spacing. Refer to Figure 1.6 for the geological legend codes.
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Figure 1.18. Image of airborne radiometric data - uranium (U) from the Wolfram Camp area.
The immediate deposit area is on a steep gradient from the high intensity James Creek Granite (Cgoja) to the southwest (footwall to the deposit) to the Hodgkinson
Formation to the northeast, which has a generally low thorium response. This is very similar to the thorium signature.
The Atlanta Granite (Cga) to the southeast is also highly anomalous in uranium, also displaying anomalous uranium where a small body of Cga has been mapped
to the northeast of Wolfram Camp. The Bulluburrah Granite (Cgobu) at the Four Mile tungsten prospect, approximately 5km along strike from the Wolfram Camp
deposit to the northwes, is also anomalous in uranium.
Data is sourced from the GSQ Open Data Portal website (https://geoscience.data.qld.gov.au), and is from survey number 1092 “HODGKINSON - GEORGETOWN
BLOCK B (GSQ). The data was collected in 1999 utilising a 200m line spacing. Refer to Figure 1.6 for the geological legend codes.
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