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Selected images from Vital Metals (2015)

ki et al (1983) to comprise three zones; Western, Central and Eastern Zones. While these
The Watershed W-Sn deposit was discovered enveloping zones are interpreted as trending
in 1979 and comprises a JORC compliant re- approximately north-south, individual veins are
source of 49.3Mt grading 0.14% WO3. The mapped as being sub-vertical and trending 250
scheelite mineralisation occurs mainly within to 3150 magnetic (Meates and Ridge, 1980;
‘sheeted veins’ and is hosted within strongly Poblete, 2019).
deformed deep marine sediments. The project
is one of the largest undeveloped tungsten dePRODUCTION
posits in Australia.

OVERVIEW

The Mossman Orogen forms a belt 500 km long
and up to 200 km wide, which formed in a Permo-Carboniferous, convergent margin system
abutting the North Australia craton along the
major Palmerville Fault (after Poblete, 2019).
Henderson et al (2013) provide an upper age of
360±7 Ma for the Hodgkinson Formation from
a U-Pb zircon date, which is at the Devonian –
Carboniferous boundary.

The Hodgkinson Formation of the Palmer–Barron Sub-province is remarkably uniform with
LOCATION
steeply dipping strata, which define steeply
RESOURCES
plunging asymmetric folds. The turbidite seThe Watershed deposit is located 60 km NW
The Watershed scheelite project has a JORC quences are multiply deformed and have unof Port Douglas in northeast Queensland (Fig.
mineral resource of 49.32 Mt at 0.14% WO3 (Ta- dergone metamorphism to greenschist facies.
3.1).
ble 3.1). This comprises a Measured Resource Bedding is generally steeply dipping and meGeological Domain
of 9.5 Mt at 0.16% WO3, an Indicated Resource soscopic folds are widespread (Henderson and
of 28.4 Mt at 0.14% WO3, in addition to an Donchak, 2013). The Hodgkinson Formation
Hodgkinson Province, Mossman Orogen
Inferred Resource of 11.51 Mt at 0.15% WO3, is intruded by Carboniferous to Permian granitCo-ordinates
using a cut-off grade of 0.05% WO3 (Tungsten oids of the Kennedy Igneous Association (~345
– 250Ma; Cheng et al, 2017) , such as the Kelly
Long GDA94: 144° 52’ 50” E; Lat 94: 16° 20’ Mining NL, 2020).
St George and Whypalla granites.
25”S
No production has occurred at the deposit.

GDA94 Z55S: 273,600E 8,192,400N

NATURE OF MINE

RESERVES

No reserves have been determined for the deposit.

REGIONAL SETTING

Mined Commodities
The Watershed deposit is primarily a tungsten
deposit, however, it does contain significant tin.

Mining Method
No historic, or modern mining has taken place
at Watershed.

ORIENTATION AND DIMENSIONS OF
MINERALISED BODIES
TThe Watershed mineralisation appears to
broadly parallel stratigraphy, striking northsouth and dipping steeply (65 – 80 degrees) to
the west. The mineralisation is approximately
1 km long (N-S), 300m wide (E-W) and 300m
deep, and has been interpreted by Skrzeczyns-

The Watershed deposit occurs within the Palmer – Barron Sub-province, within the Hodgkinson Province of the Mossman Orogen, comprising Silurian to Devonian age, deep marine
sediments of the Hodgkinson Formation, which
hosts a large number of Au, W and Sn deposits.

HOST ROCKS
Mine Stratigraphy
The Watershed deposit is hosted within the
Hodgkinson Formation. Field relations and sedimentary characteristics indicate that the rocks
of the western Hodgkinson Formation, where
the deposit is located represent the more proximal facies on a sub-marine fan delta system
(Amos, 1968). Meta-sedimentary rock types

Table 3.1: Reported Mineral Resource from the Watershed deposit, as of 2020. Due to rounding totals may not sum
exactly.(Tungsten Mining NL, 2020)

CATEGORY
Measured
Indicated
Inferred
Total:

TONNES (M)
9.5
28.4
11.51
49.32

WO3 GRADE (%)
0.16
0.14
0.15
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TOTAL WO3 (t)
15,200 t
39,760 t
17,265 t
72,225 t
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at Watershed include; slate-siltstone breccia,
psammite, quartzite, slate, chert, skarn altered
conglomerate. The skarn-altered conglomerate
is the principal host for mineralisation.
Psammite
This unit is a common rock type in the Watershed area, and ranges from quartzo-feldspathic greywacke to arkose. Generally, psammite
consists of fine to coarse-grained sandstone
with a fine sand to mud matrix, which forms
massive to poorly graded beds that preserve
evidence for one or more foliations. In the
field, the psammite units form monotonous
sequences of sandstone beds with few internal structures and rare intercalations of shale.
The psammite units are typically composed
of angular to sub-rounded quartz (45 vol. %)
and euhedral to subhedral plagioclase (40 vol.
%; An16-34) grains, < 2 mm, with minor (5
vol. %) fine-grained biotite. Matrix grains consist of fine-grained quartz, plagioclase, biotite
and muscovite. In some areas this rock type is
strongly fractured and deformed, with framework grains exhibiting dynamic recrystallization
and extension along the regional elongation lineation direction, with muscovite aligned in foliation planes that formed during D1 to D3 events.
(Figure 3.4A).
Quartzite
This unit constitutes only a minor portion of the
sedimentary rock suite, and occurs in isolated
beds that are incorporated in psammite units.
The quartzite consists of a medium-grained,
dark grey rock, composed of >70 vol.% quartz
grains that are typically 2-5 mm, with minor biotite and feldspar (Figure 3.4B).
Slate
This rock type incorporates massive shale units
as well as interbedded shale-siltstone units in
which individual siltstone layers vary in thickness from 0.5 to 20 cm. The shale is composed
of dark-coloured carbonaceous (graphitic) mudstone, usually preserving at least one well-developed penetrative foliation (Figure 3.4C).
Slate-siltstone breccia

Figure 3.1 (above). Location of the Watershed tungsten deposit in the Hodgkinson Province (Hodgkinson Formation) in NE Queensland, adjacent to the intrusions of the Kennedy Igneous Association.

The slate-siltstone breccia is the most common
unit, and extends over a strike length of 20km
and a width of 2 to 3km. Poblete considers this
unit to be a structural breccia, rather than a sedimentary one, which is comprised of sandstone
and siltstone fragments, or clasts, in a strongly foliated matrix of mudstone, or slate (10 to
90% clasts). Clasts are between 0.5 to 5cm in
width and can be ‘rodded’ (linear fabric), hook
shaped or planar. The breccia is thought to be
a highly deformed and transposed equivalent
of interlayered sandstone, siltstone, mudstone
beds (Figure 3.4D).
Skarn conglomerate
The skarn altered conglomerate occurs as
pod-like bodies, or boudins, and layer fragments up to tens of metres in length and 15m
in width within psammite. It is generally close
to the slate-siltstone breccia contact. The skarn
alteration is characteristically light green to
Figure 3.2 (below): Oblique view of the plan map of the
interpreted Western, Central and Eastern Zone lenses
of the deposit (plan map of lenses from Skzreczynsky,
1983, CR12089). The green surface represents the
western argillite contact and the yellow surfaces represent the felsic dyke to the east of the deposit.
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cream in colour (Figure 3.9E). Individual boudin segments range in size from a few centimetres to tens of metres, and may be layer-like,
ovoid, irregular or wispy in shape. The unit is a
clast-supported, polymictic conglomerate composed of rounded clasts that vary in size from
3 to 30 cm (average 6 cm) set in a matrix of
coarse sand- to grit. Clasts typically are fine- to
medium grained rocks of calc-arenitic composition with variable amounts of carbonate versus
quartz and feldspar , which have been altered
to skarn minerals (Figure 3.4E), and vary from
pale pink (garnet-rich), pale-green (clinozoisite
rich), to pale grey (siliceous). The matrix is
green-grey and consists of quartz, clinozoisite,
garnet, feldspar, and muscovite with minor
carbonate, biotite, titanite, scheelite and pyrrhotite. The conglomerate unit is the principal
host for scheelite-rich vein mineralization, and
its distribution is of critical importance when defining the ore zones. This is the unit described
as ‘scheelite bearing, altered, conglomeratic
wacke unit’ by Meates and Ridge (1980).

IGNEOUS ROCKS IN REGION
Intrusions near the Watershed deposit are part
of the Kennedy Igneous Association (Champion and Bultitude, 2013); The Kelly St. George
(5km to the east), the Mt Windsor – Whypalla
(8km to the north-east) and the narrow, linear
Koobaba. The Koobaba granite intrudes along
a NNW trending fault at the East dyke (Figure
3.4I). These granites are defined as ‘S-type’,
are assigned to the early Permian Whypalla supersuite and are described as highly porphyritic
to even-grained, muscovite–biotite granite, with
widespread accessory garnet and tourmaline,
rare sillimanite, orthopyroxene, plagioclase
mostly greater than K-feldspar, and with enclaves of (garnet) biotite gneiss, ‘microdiorite’,
‘microgranite’, and quartz. The Whypalla supersuite has been dated at approximately 265 –
285 Ma from U-Pb. Rb-Sr and K-Ar dates are
younger, but are thought to be re-set by the
Hunter – Bowen Orogeny (Champion and Bultitude, 2013). Tungsten is strongly associated
with Whypalla Supersuite granitoids, such as
the Mount Carbine deposit and the Watershed
Figure 3.3. Regional location of the Wolfram Camp tungsten deposit in the Hodgkinson Province (Hodgkinson Forprospect (Garrad & Bultitude 1999).
The Koobaba granite is thought to be emplaced
during D4 due to the north-south alignment of
feldspar phenocrysts, and the alignment with
the structural grain (Poblete, 2019). At Watershed only monzonite, granite and diorite dykes
intrude the meta-sedimentary sequence.
Deformed Monzonite Dykes
Monzonite dykes were only encountered in
drill core, especially those orientated east-west
(Figure 3.4F). The monzonite dykes are less
than 40 cm wide, dark to light-grey, and contain a foliation (S1-2). Poblete (2019) interprets
that the foliation indicates they were deformed
and emplaced early in the deformational history
of the area. The dykes have a porphyritic texture, with mafic (biotite) and felsic (k-feldspar,
quartz, muscovite) phenocrysts. The groundmass consists of fine grained plagioclase and
minor quartz. Accessory magmatic minerals
include fluorite. Secondary interstitial calcite,
chlorite after biotite and fine-grained muscovite (sericite) are also present. Locally, up to
10- 15% of the rock consists of euhedral, deformed, partly resorbed and strongly fractured
scheelite crystals, that occur in close associa-

mation) in NE Queensland with map of total magnetic intensity (1VD).

tion with oligoclase. The scheelite crystals are
locally crenulated in open fold shapes (Figure
3.9A), which together with the internal foliation
suggests that the dykes were emplaced during
D1 to D3 (Poblete, 2019).

tion, due to post-emplacement deformation.
The groundmass is composed of fine-grained
quartz, K-feldspar and muscovite in equal
amounts; with muscovite grains occurring along
quartz and K-feldspar crystal boundaries. To
the south-east of the Watershed deposit, biotite
Granitic dykes
grains along the margin of a north-northwest
Granite dykes are common in the vicinity of trending granitic dyke (East Dyke) are oriented
the Watershed deposit (Figure 3.5), and are parallel to the mineral orientation (L3 or L4) in
concordant and discordant with the main a nearby shear zone, suggesting that at least
north-northwest trending S1-2 fabric. Dykes cut some of the granite dykes were emplaced late
across D1 to D3 structures, generally show no syn-tectonically (either late syn-D3 or syn-D4)
evidence of internal ductile deformation, and (Figure 3.5),
appear to post-date the D4 shear zones. Dykes
vary in width from 0.5 m to tens of metres, and Diorite porphyry
can be traced over tens to hundreds of metres. A small diorite porphyry occurs about 2 km
Textural variations occur both within dykes and southeast of the Watershed deposit. In outbetween dykes, ranging from coarse porphyrit- crop this body has a dyke-like appearance that
ic (Figure 3.4H) to fine-grained. In porphyritic parallels the East Dyke over a short distance
dykes, phenocrysts vary from 40 to 50 vol%, (Figure 3.5). In hand specimen, the matrix is
with 45 vol% K-feldspar, 45 vol% quartz and 10 dark grey and accounts for ~50% of the total
vol% plagioclase.
volume. White phenocrysts (~50 vol%) are euLocally, K-feldspar is replaced by sericite and hedral plagioclase grains <2 mm in diameter
clay, and quartz exhibits minor recrystalliza- (Figure 3.4G). Thin quartz veinlets with minor
scheelite cross-cut this rock type.
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ing basin formed during the Siluro-Devonian
and is bounded to the west by the north-south
Peak regional metamorphism reached green- Palmerville fault (Figures 3.1 and 3.3), which is
schist facies during the D1 / D2 deformation interpreted to be an east dipping, listric, normal
events and coincided with the crustal shorten- fault, which controlled the basin development of
ing during the Late Devonian, correlated with the Mossman Orogen (Vos et al, 2006; Korsch
the Tabberabberan Orogeny of the Lachlan et al., 2012). The eastern boundary to the provOrogen. There is a progressive increase in met- ince is uncertain, but it appears bound by the
amorphic grade across the Mossman Orogen, Barnard Metamorphics (Withnall et al, 1987).
with lower greenschist (chlorite) in the south- There are two models for the tectonic origin of
west to upper greenschist (biotite) in the north- the Hodgkinson Province during the Cambrian
east. Locally there are higher metamorphic to Devonian;
grade contact aureoles around Permo-Carbon1. The back-arc model is based on the deiferous intrusions (Henderson et al, 2013).
velopment of mafic magmatism during the
Ordovician to Silurian in the northern part of
STRUCTURAL CHARACTERISTICS
the Mossman Orogen (Vos et al., 2006). In
this model, sediments and associated mafic
Structural Setting (after Cheng et al,
volcanics were deposited in a back-arc ba2017)
sin behind a magmatic arc, originating from
The Hodgkinson Province is a NNW trendwestward directed subduction of oceanic

METAMORPHISM
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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.
Recent seismic studies by Korsch et al. (2012)
suggest that the Mossman Orogen formed
largely as a fore-arc accretionary subduction
Figure 3.4 – Metasedimentary and intrusive rocks from
Watershed; A. Psammite, B. Quartzite, C. Slate crosscut by D1-2 quartz vein, D. Slate–siltstone breccia, E.
Skarn altered conglomerate, F. Monzonitic dyke, G.
Diorite porphyry, H. Granitic east dyke, I. Koobaba
granite. White rectangles are 2cm bars.
Photos from Poblete (2019)
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Figure 3.5. A. Geological map of the Watershed deposit
showing the extent of skarn altered conglomerate, other
rock types, structural trends and measurements. Red
lines A – B and C – D show section lines for Figure 9.
B. Stereonet plots of poles to So bedding / S1 foliation
/ S2 foliation. C. Stereonet plots of poles to S3 foliation
at Watershed (Poblete, 2019).

complex, 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 (after Poblete, 2019)
The Hodgkinson Formation has undergone at
least four discrete regional deformation events,
D1 to D4 (Davis, 1993; Henderson et al., 2013):
•

The D1 event is Devonian in age and
coincides with peak-metamorphism at
low- to mid-greenschist facies in the
southwest, grading to upper-greenschist facies in the northeast of the Hodgkinson Formation. D1 is commonly
represented by a bedding-parallel slaty
cleavage and variable plunging, mesoscale isoclinal folds. A rock type referred
to as “broken formation” (Wood, 1982)

or “melange” (Henderson et al., 2013)
is widely developed in the Hodgkinson
Formation, and occurs in up to 5 kilometre wide zones with gradational contacts to coherent strata. The formation
of these deformational zones has been
linked to D1.
•

•

•

Structures assigned to D4 are more
localized and variable in nature, and
tend to be co-planar with D2 structures
making their recognition difficult. D4 is
linked to mesoscopic folds and an associated north-south trending crenulation cleavage best developed near
Permian granitoid plutons (Davis et
al., 2002), and linked to compressional events during the late-Permian.

The D2 deformation also occurs
throughout the Hodgkinson province
with kilometre scale folds, which formed
during Devonian to early Carboniferous In addition, Davis (1993) describes two localcompressional events (Henderson et ized events (D5 and D6) from the metamoral., 2013).
phic aureole around the Cannibal Creek pluD3 is represented by a penetrative ton further west of Watershed.
crenulation cleavage best developed in
aureole zones of early Permian granitoids, and considered to have formed as
a sub-horizontal cleavage during early
Permian extension (Davis and Henderson, 1999).

Major Structural Styles (after Poblete,

2019)

D1/ D2 Structures
The D1 and D2 deformations at Watershed,
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Figure 3.6. 1:100,000 scale geological mapping of the area around Wolfram Camp (from Geological Survey of Queensland GIS database).
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Figure 3.7. Sections A – B and C – D showing rock
types, fold style and mineralisation at Watershed (Poblete, 2019). Refer to Figure 3.5 for the location of the
cross-sections.

which are co-axial and co-planar, are treated
as one event by Poblete (D1-2). The D1-2 deformation produced upright, to steeply inclined,
NNW trending isoclinal folding with a steeply
south-west to WSW dipping axial planar foliation (Figure 3.5 and 3.7). The resultant S1/S2
(or S1-2) fabric is characterized by isolated,
tight fold hinges, or fold limb segments defined
by more competent lithologies (i.e. layer segments of siltstone and sandstone), enveloped
in foliation domains dominated by slate, to form
a typical high-strain transposition fabric (Figure
3.8A). Fabric transposition probably happened
repeatedly, considering the complex, refolded
fold shapes of some of the fold hinges, and the
fact that early layer-parallel fabrics (S1) are
seen folded around isolated fold hinges that are
transposed within the composite S1/S2 fabric.
D1 and D2, therefore, represent a progressive,
composite set of events.
During the D1-2 events, the primary layering
was tightly folded and boudinaged, with the resultant fabric characterized by: (1) parallelism
of mineral lineations with fold axes, long axes
of boudins, intersection lineations, and rodding,
resulting in an extremely well-developed linear
fabric or L-tectonite (Figure 3.8B); (2) localized
sheath folding (Figure 3.8C); (3) extreme transposition that resulted in the complete break-up
of more competent siltstone and sandstone
layers within the slate matrix (to result in the
slate-siltstone breccia unit). The lensoidal nature of broadly cigar-shaped or strongly elongated lenses of more competent rock types
within a matrix of slate can be observed on
outcrop scale (e.g. Figure 3.8C) as well as a
regional scale (Figure 3.5); i.e. the competent psammite and conglomerate units that
host mineralization and occur as 10m to 100
m scale lensoidal bodies, are also elongated
parallel to the regional mineral lineation direction (~340/40; Figure 3.8B). Quartz veining accompanying D1-2 events are intensely folded
and boudinaged, with vein fragments extended
along the principle elongation direction (L1-2).
In slate, deformed D1-2, quartz veins (Figure
3.4C) can be up to 10 cm wide preserving sinuous, and locally ptygmatic shapes.
D3 Structures
During D3, deformation was partitioned in high
and low-strain zones. A major, planar D3 highstrain zone bounds the Watershed deposit to
the east (Figure 3.5A). In this zone, a planar
transposition fabric is preserved as a composite S1/S2/S3 fabric that bounds lower strain domains to the west and east, where D3 is characterized by folding. Around the Watershed
deposit the dominant D3 structures are represented by cm to km-scale (Figure 3.8C) folds of
the S1/S2 transposition fabric.
In outcrop, D3 folds are close to tight, upright
folds that locally preserve a near vertical,
NNW-trending axial planar fabric, S3 (a crenulation cleavage in slate; a spaced fracture
cleavage in sandstone/psammite). Fold shapes
are generally more open in psammite units
than in the slate-siltstone breccia and F3 fold
axes plunge in a north-west direction, parallel
to the penetrative L1-2 lineation. This parallel-

ism in structural trends suggests that D3 events
represent a progressive continuation of D1-2
events, at waning metamorphic conditions as
strain is being partitioned.
D4 Structures
Shear zones that cut and displace the dominant
ductile fabric elements are common in the Watershed area (Figure 3.8E). The shear zones
are generally narrow (<10 cm), brittle-ductile
fracture zones associated with minor veining
along slickensided, or striated, fracture surfaces. Discrete shear zones occur along lithological contacts and may displace earlier structures
including quartz veins. A major D4 shear zone
also occurs along the eastern margin of the D3
high strain zone east of the Watershed deposit (Figure 3.5A), where it is associated with a
steeply plunging, near down-dip lineation.

Controlling Structure
The structural framework and fluid pathways at
Watershed have been strongly influenced by
the intense transposition or co-planar S1-2 fabric and subsequent coaxial D3 and D4 shear
zones. The main S1-2-3 tectonic fabric has controlled the intrusion of the granitic East Dyke,
the diorite porphyry (Figure 3.5) and most likely
controlled the movement of mineralising fluids
during D4. The scheelite mineralisation is main-

ly hosted within the D4 quartz-feldspar veins,
which are best developed in the folded, skarn
altered conglomerate (Figures 3.5 and 3.7; Poblete, 2019). The scheelite bearing quartz-feldspar veins develop at a high angle to the D4
(and reactivated D3?) shear zones and trend
250 to 280 degrees magnetic (Meates and
Ridge, 1980; Poblete, 2019). For an example
of the D4 vein and shear zone relationship refer
to Figure 3.5.

Post-mineralisation Structure
The mineralised D4 quartz-feldspar veins at
Watershed are cut by late sulphide bearing
fractures and veins (Poblete, 2019). Refer to
Figure 3.10 for the paragenetic sequence and
the timing of the late sulphides relative to the
mineralisation.

MINERALISATION
Tungsten mineralization in the Watershed deposit occurs as pure scheelite (CaWO4), which
is found in three styles; disseminated crystals in
monzonite dykes, and as stringers in skarn-altered conglomerate lenses, and in D4 quartz
veins:
1. Disseminated Scheelite in deformed monzonite dykes:
Scheelite crystals up to 2 mm in diameter occur
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3. Scheelite in D4 veins:
D4 shear zones are spatially associated with
scheelite-bearing veins. Veins are distributed as sheeted swarms that occur mainly in
skarn-altered conglomerate and minor psammite. The veins are generally of limited (<30m)
strike length, and vary in widths from a few cm
to 3m. Where they are developed in psammite
and skarn altered conglomerate they generally
terminate abruptly where they encounter slate
units (Figure 3.9D). Mineralized D4 veins are
largely restricted to skarn-altered conglomerate
units, indicating that the host lithology asserts a
critical control on the formation of scheelite in
the syn-D4 veins. The veins show a clear spatial association with D4 shear zones, with the
highest concentrations of veins occurring adjacent to shear planes and near shear intersections. D4 veins appear to vary in width and in
the nature of internal deformation features as a
function of orientation. The widest veins are tension veins with crystal growth at high angles to
vein margins (Figure 3.9E). Such veins typically strike east-west and have a steep southerly
dip. Veins in all other orientations are generally
thinner (<10 cm), with crystal growth at lower
angles or near-parallel to the vein walls, indicative of a shear component during vein opening
and crystal growth. In some places along such
veins, scheelite crystals have been broken and
boudinaged along the long axis of the grains,
i.e. parallel to the extension direction internal to
the veins. Also, in some cases, scheelite crystals less than 3 cm in size occur in the central
part of syn-D4 veins cross-cut by quartz vents
(Figure 3.9F).

Veins display a wide variety of orientations,
with poles to veins, in the mineralized area in
the centre of the Watershed deposit, distributed
along a great circle with a pole to 103/57; i.e.
the planar veins share a common intersection
lineation around 103/57. The highest concentration of veins occurs around an orientation
of 171/76, however, vein orientations are fairly
evenly distributed around the great circle and it
would appear that all orientations could be asFigure 3.8. Outcrop images showing different structural generations and overprinting relationships at Watershed; A.
S1/S2 transposition fabric in slate/siltstone breccia after D1-2. White scale bar is 10 cm. B. Linear trend of the S1-2 sociated with scheelite, even though they may
differ in tungsten grades. A more detailed anallinear fabric after D1-2 showing southwest dipping foliation. C. Sheath folding (white dashed line). Isolated psamysis of scheelite growth in quartz veins near D4
mite enclosed by slate along north-northwest fabric. White scale bar is 25 cm. D. Open D3 folds overprints D1-2
folds in slate-siltstone breccia. White scale bar is 50 cm. E. Outcrop image showing the relationship between a D1-2 shear zones was undertaken in a high-grade
fold in slate and D4 veins and shear zones. White scale bar is 50 cm.
zone in the centre of the deposit. Here, mineralization is concentrated along the zone of
as disseminations throughout the monzonite time during D1 or D2, locally contain scheelite most intense fracturing and occurs along northdykes where they are intersected in drill core. mineralization. These scheelite crystals are west trending fractures and veins; north-northThe scheelite crystals are subhedral to euhe- aligned along the deformational fabric (S1 or west-trending quartz stringer zones; east-west
dral and are generally strongly fractured. They S2), and preserve sigmoidal grain shapes con- trending veins, and as disseminations in the
preserve complex growth zoning, dissolution sistent with dynamic recrystallization and duc- skarn altered conglomerate. The east-west
lamellae and re-sorbed boundaries suggesting tile deformation (Figure 3.9B).
veins are only mineralized near D4 shear
partial recrystallization during metamorphism. A second generation of disseminated scheelite zone, with mineralized vein margins developed
Scheelite also preserves ductile deformational mineralization associated with alteration zones where the east-west veins occur within a sevfeatures such as sigmoidal shapes, boudinage, near syn-D4 shear zones and veins occurs eral meter wide damage zone surrounding the
and (D3) folding of trails of scheelite grains in skarn altered conglomerate, in which the D4 shear zone.
(Figure 3.9A). Poblete concludes the textures amount of disseminated scheelite decreases
indicate that mineralization formed during D1 or away from the veins. This relationship is illusWALL ROCK ALTERATION
D2, and pre-dated D3.
trated with a form surface map of a well miner2. Disseminated Scheelite in skarn-altered con- alized zone in skarn altered conglomerate. In The wall rock alteration at Watershed is of
glomerate:
this outcrop the main shear zone is associated skarn type and is defined by calc-silicate minerals including garnet (grossular (Ca2+), spesScheelite is common, but scarcely dissemi- with interconnected secondary fractures and
sartine (Mn2+) and almandine (Fe2+), rare anmicro-fracturing
of
the
host-lithology.
Thin
(<0.5
nated, in the skarn-altered conglomerate. The
dradite), actinolite, clinopyroxene. Retrograde
altered conglomerate units are generally mas- cm wide) quartz veinlets contain scheeliteStage 2 minerals included; plagioclase (R1–2),
sive, but preserve anastomosing fabrics, main- quartz stringers, mainly where they cut garclinozoisite (R1–2), phlogopite, ferropargasite,
ly defined by compositional bands of aligned net-rich clasts in the conglomerate. Disseminatferroedenite, apatite (Qv), graphite (Qv). Retroclinozoizite and amphibole. Zoned, quartz-rich ed scheelite grains occur along micro-fracture
grade Stage 3 minerals included calcite, musplanes
in
skarn
altered
conglomerate
in
the
abpatches, with clinozoisite, garnet and feldspar,
covite, chlorite and fluorite. Retrograde Stage 4
which formed within foliation domains at some sence of quartz veins.
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Figure 3.9. Core photos showing the relationship between scheelite and deformation; A. Scheelite mineralisation effected by S1-2 fabric in monzonite under UV
light. B. Skarn altered conglomerate under UV, showing
sigmoidal scheelite (syn-D1, D2). C. Skarn altered
conglomerate cut by D4 quartz-scheelite stringers. D.
Photo showing scheelite rich D4 vein cutting skarn
altered conglomerate, then pinching out in slate. E.
Scheelite rich D4 quartz-plagioclase. F. Scheelite cystral in central part of D4 vein, cut by late. G. Scheelite
rich D4 vein halo of quartz vein.

minerals include sulphides, pyrrhotite, arsenopyrite, pyrite, chalcopyrite and sphalerite (Figure 3.10).
Mineralogy
Scheelite Mineralisation
Scheelite mineralization at Watershed is related to an early Carboniferous intrusive-related
event at ca. 350 Ma, which is overprinted by a
later Permian hydrothermal metamorphic event
at ca. 275 Ma. Early disseminated scheelite
mineralization is aligned in S1-2 and occurs in
close spatial association with the ca. 350Ma
monzonite dykes (Refer to Mine Stratigraphy),
while the bulk of the scheelite mineralization
at Watershed occurs in D4, trans-tensional
quartz-plagioclase veins cutting skarn-altered
conglomerate of the Hodgkinson Formation.
Early D1-2 scheelite mineralization is found
disseminated in monzonite and in skarn-altered
conglomerate and formed during prograde
peak metamorphism (Figure 3.10; Figure 3.9A
and 3.9B). Late retrograde D4 scheelite occurs
as stringers in skarn-altered conglomerate,
and along the margins and in alteration haloes
of multi-staged quartz-plagioclase D4 veins
in skarn-altered conglomerate (Figure 3.11A).
Based on cross-cutting relationships, the D4
retrograde events have been sub-divided into
four main retrograde stages (Figure 3.10).
Scheelite mineralization is spatially and chemically linked to the skarn altered conglomerate
lenses distributed across the Watershed area.
Minerals from monzonite, veins and skarn altered conglomerate were analyzed by EPMA
techniques to investigate the effects of the
complex deformation history on the distribution of scheelite in the Watershed deposit, and
backscattered electron (BSE) images were
taken during the procedure to investigate replacement textures and cross cutting relationships (Figure 3.11).
Garnet and quartz formed in skarn altered conglomerate from D1 to D3. Garnet grains are
euhedral and vary in size from fine to coarsegrained. Using backscattered imaging, garnet
can be texturally divided into unrimmed and
rimmed garnets. Compositionally they comprise mainly grossular (Ca2+), with lesser
spessartine (Mn2+) and almandine (Fe2+),
and rare andradite (Fe3+). Rimmed garnets
show complex textural and chemical zoning
patterns with spessartine-almandine-rich cores
and an increase in grossular towards the rims.
The core of rimmed garnets are interpreted to
have formed during peak metamorphism (D12), while the outer rims reflect initial retrograde
conditions and probably formed during D3.

Figure 3.10. Mineral paragenesis of the Watershed
deposit (Poblete, 2019)
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Retrograde alteration mineral assemblages
formed during D4
Peak-metamorphic mineral assemblages in
skarn altered conglomerate that formed during
D1-3 have been totally,
or partially replaced by hydrous retrograde
mineral assemblages during D4 (Figuer 4.10).
Four retrograde stages are recognized, which
are interpreted to have formed during the shear
related D4 events and associated scheelite rich
veining (Figure 3.10). Correlations between retrograde assemblages observed in veins and adjacent skarn altered conglomerate were based
on key minerals that occur in both rock types
(e.g. scheelite). By inference, it is assumed
that the retrograde mineral assemblages observed in skarn-altered conglomerate formed
during D4, synchronous with the multi-staged
emplacement of scheelite-rich quartz-feldspar
veins. The Retrograde Stage 4 corresponds to
a sulphide stage, which developed in late fractures and veins (Figure 3.10).
As shown in Figure 3.10 the mineralogy of each
deformation phase is as follows:
D1 – D2: Pyrrhotite, scheelite, quartz, garnet,
actinolite. Peak metamorphism.
D3: Scheelite, quartz, garnet, clinopyroxene,
titanite
Retrograde Stage 1: Quartz, titanite, clinozoisite, plagioclase.
Retrograde Stage 2: Quartz, clinozoisite, plagioclase, scheelite, phlogopite, ferropargasite,
ferroedenite, apatite (Qv), graphite (Qv). Main
mineralising phase.
Retrograde Stage 3: Calcite, muscovite,
quartz (Qv), plagioclase (Qv), tourmaline (Qv),
fluorite (Qv).
Retrograde Stage 4: Pyrrhotite, pyrite, chalcopyrite, arsenopyrite (Qv) and sphalerite (Qv).
Note the diorite and granite intrusives, East and
Camp dykes occur in all four stages. Minerals
highlighted in italics are common in that retrograde stage. Those with ‘(Qv)’ only occur in
quartz veins. Scheelite is shown as bold text.

EXPLORATION GEOCHEMISTRY
Stream Sediment Geochemistry
A regional -80# stream sampling program in
1978, with subsequent follow-up of anomalous
drainages defined a 3 km long x 1 km wide, W,
Sn and As anomaly on the west side of a north
– south ridge called ‘Anomaly 6’ (Figure 3.15).
The -80# samples, initially collected from 3rd
and 4th order drainages, were analysed for W
and Sn by XRF and As, Cu, Pb, Zn, Bi by AAS.
The sampling of 1st and 2nd order drainages
above the initial anomalies led to the definition
of the initial Watershed anomaly. The anomalism ranges from 50 to 320ppm W, 24 to 60ppm
Sn, 18 to 51ppm As and 65 to 125ppm Cu (Meates and Ridge, 1980).
Figures 3.12 - 3.14 provide maps of the regional stream sediment data, which show that the
deposit displays prominent W and As (+ Cu
not shown) anomalism, but Sn is not obviously
anomalous.
Soil Geochemistry
An orientation soil sampling survey was com-
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pleted at the Watershed grid with a 400m, eastwest line and sample spacing of 10m. A sample
was taken from the A horizon and one from the
B horizon at each site, with each sample comprising approximately 500g (no size fraction
given). The samples were crushed to -1mm,
split and analysed for W, Sn by XRF, As, Cu, Pb
and Bi by AAS. The study showed the B horizon samples were more elevated in W and Sn.
There were no significant differences between
the A and B horizons for As, Cu, Pb and Bi. A
sample spacing of 40m along line, and a line
spacing of 100m was adopted and an area of
2.5 x 1.1 km2 was sampled (Meates and Ridge,
1980). Refer to Figure 3.15A and 3.15B for the
contoured W and Sn values respectively. The
anomalism is mostly associated with a skarn
altered conglomerate (Poblete, 2019) hosting
D4 quartz-microcline-scheelite veins oriented
at 250° – 280° magnetic with near vertical dips
(Meates and Ridge, 1980).

Figure 3.11. Summary of microprobe results with back
scattered electron (BSE) and petrography images
comparing D4 veins with D4 mineralisation in skarn
altered conglomerate; A. Detailed images of a multistage scheelite rich, quartz plagioclase D4 vein, B.
BSE image from hole MWD 122 at 289 m showing
early andesine with late oligoclase. Scheelite (Sch) is
intergrown with oligoclase from Retrograde stage 2. C.
Fractured D3 garnet (Grt) cross-cuts D4 quartz (Qz). D.
Orthoclase-albite-anorthite (Or-Ab-An) compositional
diagram for different rocktypes, E. BSE image showing
growing zone of plagioclase (Pl) from D4 vein margin,
F. Plagioclase micrograph showing deformed twinning
from a D4 vein margin. For more details refer to Poblete
(2019).

ite bodies in the area, with the potassium and
uranium data in particular identifying several
intrusive phases within the Kelly Saint George
Granite (Pgwg) to the west of the Watershed
deposit. The granites in the area are notably
less anomalous in the thorium data than in the
potassium and uranium data. The Kelly Saint
George Granite is actually one of the most poGEOPHYSICAL EXPRESSION
tassium-anomalous (and to a lesser extent uraThe Watershed deposit area was covered by nium-anomalous) granites in the entire Georgethe 1999 200m-line spaced data flown by the town-Hodgkinson survey area.
GSQ as part of the Hodgkinson-Georgetown The granite bodies in this area appear relatively
Block A Survey (No. 1047).
‘quiet’ and texturelessin the magnetic data, relThe resulting magnetic (TMI-1VD) and radio- ative to the metasedimentary units. The magmetric images are provided in Figures 3.16 - netic data also defines strong NNW linear (but
3.18. There is no evident anomalous signature locally truncated) anomalies within the folded
Hodgkinson Formation (Dh) units in the area.
from the Watershed deposit.
The aeromagnetic data and radiometric data
strongly differentiate the overprinting gran-
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Figure 3.12. Tungsten (W) values from the regional stream sediment data from the Watershed district. There is a notable +100ppm halo to the deposit stretching to
between 1-2km 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 3.6 for the geological legend.
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Figure 3.13. Arsenic (As) values from the regional stream sediment data from the Watershed district. There is a subtle 10-50ppm halo to the deposit, particularly along
a strike orientation of NNW-SSE between 1-2km 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 3.6 for the geological legend.
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Figure 3.14. Tin (Sn) values from the regional stream sediment data from the Watershed district. The Watershed deposit does not display a significant coherent tin
anomaly. 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 3.6 for the geological legend.
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TIMING OF MINERALIZATION
Relative Timing

Downes, 2017). Refer to Figure 3.19 for a Figure 3.15. Soil sample data from Watershed a) Tungschematic section of a granite related Sn – W sten and b) Tin (data from Meates and Ridge, 1980).
deposit.

Poblete (2019) has described scheelite crystals
deformed by D1-2 folding (syn-peak metamorphism), however, most of the scheelite mineralisation occurs within D4 quartz-feldspar veins.
Poblete (2019) identifies the scheelite bearing
veins as occurring during his Retrograde Stage
2 (Figure 3.10).

The genetic model for Watershed focuses on
the D4 vein mineralisation, which is the main
depositional event and overprints D1 to D3 mineralisation (Poblete, 2019). The D1-D3 deformations resulted in the formation of an intense
linear, transposition fabric of the metasedimentary rock units. Minor scheelite was deposited
along this linear fabric (S1-2) during D1-2 in the
Absolute age
skarn-altered conglomerate. The D1-3 events
The first scheelite mineralisation event is de- caused metamorphic de-volatilization reactions
scribed by Poblete (2019) as being overprint- to occur (Phillips and Powell, 2010) within the
ed by the S1-2 foliation fabric in the deformed reduced carbonaceous sediments, liberating C
monzonite dyke. U/Pb dating was conducted on and forming CH4 and increasing the ore metals
zircons from a sample of this monzonite dyke assemblage solubility causing remobilization of
by in-situ Laser Ablation Inductively Coupled the tungsten. During Permian D4 brittle-ductile
Plasma Mass Spectrometry (LA-ICP-MS) and deformation, tungsten was channelled through
returned a date of 350 ± 7 Ma (Poblete, 2019). shears and veins as NaWO4 -, HWO4 - and
The main phase of scheelite mineralisation WO42- . These ligands were destabilized on
occurs during D4 Retrograde stage 2 (Figure encountering the Ca-rich skarn-altered con3.10) with the scheelite hosted in quartz-pla- glomerate, increasing the fluid pH, leading to
gioclase veins. Muscovite associated with the co-precipitation of scheelite (CaWO4) and olivein halo returned an Ar / Ar date of 276 ± 6 Ma goclase (Na-rich plagioclase) in D4 veins and
(Poblete, 2019).
shears.

GENETIC MODEL
The Watershed tungsten deposit is hosted
within a sheeted vein system associated with
the ca 275 Ma, D4 deformation and intrusion
of the Whypella granite supersuite. These type
of sheeted vein, or breccia and stockwork deposits, are more distal to the associated granite
contact, as opposed to a greisen style of deposit, (e.g. Wolfram Camp) which is contained
within the roof zone of the granite (Blevin and
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POST-FORMATION MODIFICATION
There is no significant modification of the Watershed deposit apart from surface weathering
and late (Retrograde Stage 4) sulphide bearing
fractures and veins (Poblete, 2019).

EXPLORATION HISTORY
Discovery Method

Utah Development Company conducted a regional stream sediment sampling program
collecting -80# fraction alluvium, which discovered Watershed in 1978 (Meates and Ridge,
1980). The sampling focused on 3rd and 4th
order drainages, which were analysed for W
and Sn by XRF and As, Cu, Pb, Zn, Bi by AAS.
with follow-up sampling of 2nd and 1st order
drainages above anomalous sample sites.
The follow-up sampling defined a coincident
W, Sn and As anomaly on the west side of a
north – south ridge called ‘Anomaly 6’, which
was approximately 3 km long x 1 km wide.
The anomalism ranges from 50 to 320ppm
W, 24 to 60ppm Sn, 18 to 51ppm As and 65
to 125ppm Cu. Subsequent mapping, gridding
and soil sampling indicated that the anomalism is associated exclusively with a ‘scheelite
bearing, altered, conglomeratic wacke unit
and quartz-feldspar veins’ (Meates and Ridge,
1980). The quartz-microcline-scheelite veins
are oriented at 2500 – 2800 magnetic with near
vertical dips. For a more detailed discussion of
the soil sampling refer to the section on Exploration Geochemistry.
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Figure 3.16. Image of aeromagnetic data (TMI-1VD) over the Watershed deposit. Data is sourced from the GSQ Open Data Portal website (https://geoscience.data.qld.gov.
au), and is from survey number 1047 “HODGKINSON - GEORGETOWN BLOCK. The geological overlay is from the GSQ digital geological dataset, with the legend provided
in Figure 3.6.
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Figure 3.17. Image of a) detailed geoogy of the Watershed area for reference, and b) image of the potassium airborne radiometric data over the Watershed deposit. Data
is sourced from the GSQ Open Data Portal website (https://geoscience.data.qld.gov.au), and is from survey number 1047 “HODGKINSON - GEORGETOWN BLOCK. The
geological overlay is from the GSQ digital geological dataset, wiht the legend provided in Figure 3.6.
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Figure 3.18. Image of a) the airborne thorium readiometric data, and b) the airborne uranium radiometric data over the Watershed deposit. Data is sourced from the GSQ
Open Data Portal website (https://geoscience.data.qld.gov.au), and is from survey number 1047 “HODGKINSON - GEORGETOWN BLOCK. The geological overlay is from
the GSQ digital geological dataset, wiht the legend provided in Figure 3.6.
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Report for 1982, ATP 3227M, Maitland Downs
Area, Queensland, Report No. 376. Submitted
to Qld Mines Department as CR# 12089 Part A.
Vital Metals, 2015. The Geology of the Watershed Tungsten Deposit, unpublished report.
Vos, I., Bierlein, F., Webb, J., 2006. Geochemistry of Early–Middle Palaeozoic basalts in the
Hodgkinson Province: a key to tectono-magmatic evolution of the Tasman Fold Belt System
in northeastern Queensland, Australia. International Journal of Earth Sciences, v. 95 (4), p.
569–585.
Whithnall, I.W., Cranfield, L.C., 2013. ‘Geological Framework’ in Jell, P., editor The Geology of
Queensland. Geological Survey of Queensland
publication.
Wood, A. M., 1982. First Six Monthly Report on
Authority to prospect 3250M Maitland Downs
North Area, North Queensland, Report No.
382: Cairns, N.Q., p. 1-13.

Figure 3.19. Schematic vertical section of granite related Sn-W model (Blevin and Downes, 2017).
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