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Tick Hill Gold Deposit
Aerial view of the Tick Hill mine site. Image from Le (2019a).

cline access for underground mining to a
depth of 240m below the surface. (Fig. 14.4)

PREAMBLE
The Tick Hill deposit was a high-grade gold
deposit and an anomaly within the base metal dominated Mount Isa Inlier. It was discovered in 1989 and despite significant exploration efforts no similar deposits have been
found to date. It was a relatively small and
short-lived (5 years) mining operation, but
high grade (22.6 g/t Au) and with extraction
through open pit and underground methods
that eventually produced over half a million
ounces of gold.

LOCATION
Geological Domain
Mary Kathleen Domain (Figs 14.1, 14.2).

PRODUCTION AND RESOURCES
Mineralized Bodies

Gold was produced from the deposit from
1991 through to 1995. During this period
511,000oz of gold was produced from
706,000t of treated material at an average
grade of 22.6 g/t Au with 97% gold recovery.

The Tick Hill deposit comprised one moderately dipping, tabular, mineralised body that
was mined via both open pit and underground methods.

Recent Production

Dimensions

Mineral Resources

The orebody had dimensions of approximately 140m strike-length, which tapered to
30m at its deepest level 250m below surface. It had a thickness of between 1-30m
with an average thickness of 18m (Crookes,
1993).

As of August 1991, the mineral resources
and reserves were documented as per Table
1.

Co-ordinates
Lat: 21° 38’ 48” S Long: 139° 55’ 32” E
MGA Zone 54: 388,820 E, 7,605,900 N

Historic Production

No production has occurred at the Tick Hill
mine since 1995.

A Proven Ore Reserve of 470,000t @ 27 g/t
Au was noted by Crookes (1993), and eventual life of mine extraction was 706,000t @
22.6 g/t Au.

Orientation of Mineralized Bodies
The mineralized lode dips westerly at 55° to
approximately 280° (Fig. 14.3).
Table 14.1: Mineral Resources and Ore Reserves for the
Tick Hill deposit as of August 1991. From Forrestal et al.
(1998).

NATURE OF MINES
Mined Commodities
Gold was the only commodity produced from
the Tick Hill deposit.

Mining Method & Depth of Mining

Ore Reserves

The deposit was mined by an open pit drill
and blast method on 5m benches.
The deposit commenced with an open pit operation down to 70m depth followed by de-

Mineral Resources

Category

Ore (t)

Gold grade (g/t)

Proved

218,000

17.1

Measured

95,000

37.0

Indicated

121,000

39.9

Inferred

36,000

30.0
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Figure 14.1: Location of the Tick Hill deposit shown with
respect to the Mount Isa Structural Domain Map from the
2010 NWQMEP GIS

In 2016 a Mineral Resource estimate was announced for the Tick Hill Tailings Project
(Superior Resources Ltd press release dated
19 January 2016), comprising 630,000t at
1.08 g/t Au, all of which was in the Indicated
category.

GEOLOGICAL SETTING
The Tick Hill deposit lies within the southern
part of the Palaeoproterozoic Mary Kathleen
Fold Belt (MKFB—Fig. 14.1). The Mary Kathleen Fold Belt is dominated by the metamorphosed rocks of the Palaeoproterozoic Leichhardt Superbasin, including the Magna Lynn
Metabaslt, felsic volcanic rocks of the Argylla
Formation, arenites of the Ballara Quartzite
and calcsilicate and pelitic rocks of the Corella Formation (Forrestal et al, 1998). The Tick
Hill deposit is hosted in the Corella Formation, which is dated at approximately 1750
Ma (Sun and Page, 1998).
The MKFB is centred on the long (80+ km)
narrow Wonga Belt, a zone of strongly deformed felsic metavolcanic and metasedimentary rocks intruded by the Wonga Granite, metagabbro, and metadolerite (Holcombe
et al., 1992). High strain seen in the belt is
attributed by Holcombe et al (1992) to an approximately 1750Ma mid-crustal (8-10km
depth) subhorizontal detachment surface
formed during north-south extension, and
that was later folded by the D2 event. The
Tick Hill area is interpreted as the southern
extension of the high strain Wonga Zone
(Forrestal et al., 1998).

HOST ROCKS
Mine Stratigraphy
The mine stratigraphy was published by
Schubert & Crookes (1993) and Forrestal et
al (1998) (see Fig. 14.3), and further refined
in the unpublished report of Tedman-Jones
(2001). The interpreted correlation of the two
is shown in Table 14.2, with the following descriptions in the text taken from TedmanTable 14.2: Comparison of the mine stratigraphy from the two key deposit references.
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Unit

Forrestal et al, 1998

Tedman-Jones, 2001

Hangingwall

Hangingwall Corella Formation

Hangingwall Sequence

Hangingwall Quartzite with a well developed magnetite zone

Hangingwall Quartzite

Mineralised Unit

‘Lodestones’ enclosing the strongly gold
mineralised laminate bands

Interquartzite Sequence

Footwall

Footwall Quartzite

Footwall Quartzite

Footwall Pelitic Schist (Biotite-qtz-plag-sill)

Footwall Sequence
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Figure 14.2: Location of the Tick Hill deposit overlain on
an image of total magnetic intensity from the GADDS data
for the region

Jones (2001). Photographs of the various
units are provided in Fig 14.5 (dominantly
from Le, 2019a).
In the Tick Hill mine sequence description of
Forrestal et al (1998) the hangingwall is dominated by calcsilicate rocks and the footwall by
pelites. Forrestal et al (1998) suggest that the
pelitic rocks in the footwall are possibly of the
Argylla Formation. As such the quartzites in
the immediate footwall and hangingwall may
be equivalents to the <50m thick quartzite that
is known from the Corella-Argylla contact, and
that correlates with the Ballara Quartzite.
Hangingwall Sequence
The Hangingwall Sequence is defined by Tedman-Jones (2001) as all units above the
Hangingwall Quartzite. The Hangingwall Sequence is dominated by rocks of the Corella
formation (Fig. 14.5a), that are subdivided on
the basis of whether they are dominated by
scapolite, amphibole or magnetite. The
‘Scapolite-dominant Calc-silicates’ are dominant, and are typically laminated to banded
although they can display a spotty texture associated with the scapolite.
Massive to weakly foliated dark green-black
amphibolite also occurs sporadically throughout the sequence.
Magnetite-bioitite schist is occasionally present in the Hangingwall Sequence, where it
interfaces with the Hangingwall Quartzite contact.
Hangingwall Quartzite
The Hangingwall Quartzite (Fig. 14.5b) is divided by Tedman-Jones (2001) into three
units:


An upper quartzite with variably developed magnetite metasomatism



A typically magnetite-free weakly foliated
orthoquartzite



An increasingly foliated and brecciated
quartz-actinolite (chlorite-magnetitehematite) quartzite

Petrographic work (Croxford, 2000 – reported
in Tedman-Jones, 2001) indicates the Hangingwall Quartzite is sedimentary in origin rather than a structurally controlled quartz-rich
zone. The proposed protolith is a quartzose
sandstone.
Interquartzite Sequence

ly as thin units within the Interquartzite Sequence with variable lateral continuity.
Where unaltered it is a very fine grained
light tan massive to weakly foliated unit with
the appearance of a fine grained arkosic
siltstone to arenite.
The Interquartzite Sequence also contains
the mylonitic strongly quartz-feldspar altered host rocks to the gold mineralization
colloquially known as “galahstone” (Fig.
14.5d).

The Interquartzite Sequence is dominated by
Biotite Schist, more fully described by Tedman-Jones (2001) as a biotite/chlorite(scapolite)-(feldspar)-(sillimanite) schist. It is
generally foliated and fine- to mediumgrained.

Footwall Quartzite

Interbedded with the biotite schist is a feldspar-scapolite-biotite granofels (Fig. 14.5c). It
occurs at the base of the Hangingwall Quartzite and exhibits rapid and variable thickness
within the sequence. It also appears irregular-

Footwall Sequence

The Footwall Quartzite (Fig 14.5e) is a substantial body of grey-white translucent orthoquartzite. It is relatively massive with a
poorly defined weak foliation. The unit
thickens with depth (Tedman-Jones, 2001).
The Footwall Sequence consists of biotite
schist, calcsilicates and amphibolites (Fig.
14.5f), with pegmatite style veins and

dykes/sills. This correlates with the Footwall
Pelitic Schist of Forrestal et al, (1998).

Major Host Rock
The host rocks for the gold mineralisation are
bodies of quartz-feldspar ‘laminate’ with a
lenticular, probably mylonitic internal structure (Forrestal et al, 1998). The laminate
bands are enclosed within a broader strongly
strained zone. Individual gold-bearing laminate bands are 0.01 to 0.50m thick and are
continuous along strike and down dip for up
to 50m. These bands typically have sharp
contacts with the surrounding rocks and are
generally zones of strong quartz veining and
silicification and intense sodium metasomatism.
The mineralised envelope lies structurally
below the Hangingwall Quartzite and is hosted in a ‘lodestone’ unit. The lodestone is a
grey to green to purple translucent quartzrich rock with interspersed layers of
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Figure 14.3: Cross-section through the Tick Hill deposit, on 1880N (Mine Grid), looking north, from Schubert and
Crookes (1993).

Figure 14.4: Configuration of the mining infrastructure. From Perkins (1999).
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Figure 14.5: Examples of key rock types from the Tick Hill stratigraphy. From Le (2019a).
A)
B)
C)
D)
E)
F)

Corella Formation calcsilicate from the Hangingwall Sequence.
Hangingwall Quartzite
Boitite-rich granofels, interpreted by Le (2019a) as altered amphibolite.
Gold-bearing quartz-feldspar mylonite (“galahstone”)
Massive Footwall Quartzite
Less altered amphibolite, which can be found in both the Hangingwall and Footwall to the deposit.

chloritized biotite, sphene, scapolite and apatite, with minor calcite and epidote. The lodestone is interpreted to be the silicified and altered product of former calcsilicate rocks,
scapolite schist and amphibolite (upublished
data from Boda, 1993 and Crookes, 1993;
referenced by Forrestal et al, 1998).

cogranite” (GSQ digital geology map).
The Tick Hill Complex (Fig. 14.8) has historically been considered part of the Wonga-Burstall granite event. However, preliminary U-Pb age dates from Le (2019b) of
1772-1777 Ma indicate it may be slightly
older.

Mafic Intrusives

INTRUSIVE ROCKS
Granitoids
There is a granitoid complex in the Tick Hill
district (Tick Hill Complex, Pgti in Figure
14.6), with exposures of large bodies (1-2km
wide) approximately 2km and 4km to the
west and north, respectively, of the deposit. A
smaller body (150m wide) of the Tick Hill
Complex also outcrops approximately 300m
east of the deposit. The Tick Hill Complex is
described as “Cream to pink, massive to
strongly foliated, fine to medium-grained leu-

deposit vicinity (Tedman-Jones, 2001).
One of the genetic models proposed for the
gold-rich laminates involves a precursor pegmatite with the laminates representing mylonitised pegmatites (Crookes, 1993) or quartz
veined albitic pegmatite (Watkins, 1993).

METAMORPHISM

Amphibolite is present within both the Footwall and Hangingwall sequences, which
may be metadolerite (Tedman-Jones,
2001), but textural overprinting and alteration make this uncertain.

The rocks of the Tick Hill deposit are metamorphosed to upper amphibolite to granulite
facies (Le, 2019a).

Others

STRUCTURAL CHARACTERISTICS

Pegmatite dykes are present throughout
the Tick Hill deposit (Fig. 14.8). They occur
as both older pre- to syn-D1 pegmatites
(Watkins, 1993), and as younger outcropping undeformed pink feldspar-quartztourmaline pegmatite dykes in the general

Structural Setting
The Tick Hill deposit is located in the “Tick
Hill enclave” (Forrestal et al., 1998), a zone
bounded by:
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Figure 14.6: Geological map (previous page) and
stratigraphic legend (right) from the 1:100,000 mapping from the Geological Survey of Queensland of the
Tick Hill area.
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Figure 14.7: Reduced-to-pole aeromagnetic image with 2nd vertical derivative sharpening (from QDEX Data).
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the Mount Bruce Fault to the south



the Pilgrim Fault to the east, and



the Saint Mungo Granite to the west

The Tick Hill enclave is distinct from elsewhere in the Mary Kathleen Fold Belt because of the amount of pre-D2 metasomatism
and associated felsic meta-intrusives (Oliver,
unpublished data, 1992, referenced in Forrestal et al, 1998).
The Tick Hill enclave is interpreted as the
southern extension (after restoration of later
strike-slip fault movement) of the high strain
Wonga-Shinfield Zone, a north-striking D2
synclinorium that exposes an interpreted D1
extensional decollement (Forrestal et al, 1998
and references therein).
The orebody sits on the east limb of an asymmetric, tight synform of D2/D3 age, which
plunges at a shallow angle to the north. The
ore zone dips 55° west (Crookes, 1993).

Structural History
The structural history of the Mary Kathleen
Fold Belt is summarised by Forrestal et al
(1998) (after Holcombe et al, 1992) as follows:


Figure 14.8: Examples of the main intrusive
units in the Tick Hill deposit and immediate
environs. From Le (2019a) except E from
Dirks (2019)

D1 (or sometimes termed De) around
1740 Ma, which was largely associated
with an extensional environment and
intrusion of the Wonga-Burstall bimodal
intrusive suite



D2 around 1550 Ma involved east-west
shortening and upright folding. This
compressional event is consistently present throughout the Mount Isa Inlier.



D3 around 1500 Ma involved broadly
east-west shortening, faulting and intrusion of the Williams Naraku bimodal intrusive suite to the east.

A.
B.
C.
D.
E.

Syn-tectonic pegmatite dyke.
Tick Hill Granite (sample THG2).
Tick Hill Granite (sample THG1)
Post-tectonic Tick Hill pegmatite
Post-tectonic pegmatite below the
gold-rich zone (drill hole TH032)

Major Structural Styles
D1
The dominant structural fabric in the Tick Hill
deposit is the west-dipping D1 mylonitic fabric
(Fig. 14.9a,b). The D1 foliation (S1) is interpreted as originally horizontal, and in the
broader area is represented by parallel zones
of distributed shearing (Forrestal et al, 1998).
The L1 extension lineation is down-dip within
foliation parallel to the plunge of the orebody
(Crookes, 1993). S1 occurs as a spaced compositional striping of metasomatic origin in the
hangingwall calc-silicates and as a variably
overprinted schistosity in the footwall pelitic
rocks (Crookes, 1993).
F1 fold hinges are reported to plunge westwards in the zones of highest D1 strain, and
together with other evidence indicate top
block west movement during D1. The L1 mineral extension lineation originally trended approximately NW (Forrestal et al, 1998).
D2
F2 folds are present in the Tick Hill enclave
and comprise upright, non-cylindrical, doubly
plunging, east-verging macroscopic folds

(Fig. 14.9c). Other D2 effects include axial
surface faults and west block up reverse
faults. The S2 penetrative fabric is poorly
developed relative to elsewhere in the Mary
Kathleen Fold Belt. Complicated D2-D1
fold interference patterns are evident in the
Corella Formation. (Forrestal et al, 1998)

The structural control on mineralisation has
been proposed as follows:
1.

D1 mylonite zone (decollement) has focused fluid and gold deposition. Tedman-Jones (2001) summarises previous
models that proposed gold mineralisation was deposited from saline oxidised
fluids of metamorphic or magmatic
origin into a dilatant brittle-ductile ramp
structure within a flat lying decollement.
Within the Mary Kathleen structural belt,
this structural element (decollement) is
generally situated on or near the unconformable boundary between the Argylla
Formation and the Corella formation. In
the Tick Hill area it was presumed that
the “tram track” quartzites including the
Hangingwall quartzite and Footwall
quartzite were the metasomatic expression of the decollement.

2.

Breccia zones have been mapped in the
deposit and termed the Tick Hill Breccia

D3
NE- to ENE-striking D3 faults are present
and associated with NE-striking open, inclined folds.
Le (2019a) beaks the post-D2 deformation
into two separate events, with D3 represented by normal faulting and D4 by strikeslip faulting (Fig. 14.10).

Structural Control on Mineralisation
The deposit is generally considered as
structurally controlled, given the strong
spatial association of gold with the
‘laminate’ bands within the mylonite.
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Figure 14.9: Summary of structural fabrics fro the Tick
Hill deposit. All from Le (2019a, 2019b) except A (from
Perkins, 1999).
A.

West-dipping D1 (De) mylonitic fabric from within the pit.
Syn-tectonic Tick Hill pegmatite.
Upright D2 macro-scale folding.
Interpreted D3 shear zone within the pit.
Interpreted D3 brecciation
Interpreted D4 fault in pit wall.

B.
C.
D.
E.
F.

by Tedman-Jones (2001). The breccias
are interpreted as “a transgressive dilation breccia” which has been annealed
and subsequently sheared (the timing
interpreted for this appears to be postD2). The textures range from relatively
undeformed crackle breccias to lensoidal to sheeted and ribbon fabrics interpreted as formed by increasing shear of
the original breccia clasts (TedmanJones, 2001).
Forrestal et al (1998) also note the presence
of D3 brittle fracturing and shearing, recorded
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by en echelon vein sets containing quartz
and hematite fill, best exposed in the
southern end of the orebody where individual mylonite bands are completely brecciated and cut by late quartz-hematite.
The orebody has a sharp northern boundary but the southern margin is more diffuse,
being affected by strong silicification and
polycyclic brecciation related to postmineralisation faulting (as interpreted by
Forrestal et al, 1998).

MINERALISATION

90% of the gold is in the laminate bands with
the gold grade up to a maximum of 3209 g/t
over a 0.5m interval (Schubert and Crookes,
1993), with the remaining gold in the surrounding lodestones with gold grades in the 1
-10 g/t range.
The gold at Tick Hill occurs in five textural
settings (Forrestal et al, 1998 and references
therein):
1.

Grains <0.75mm in diameter and sometimes euhedral in form contained within
the strained quartz, albite or K-feldspar
of the laminate bands.

2.

Grains <0.25mm in diameter, commonly
pseudomorphs after feldspar.

3.

Coarse euhedral grains (<2mm diameter), which are intimately associated with
albitic alteration.

4.

Overgrowths of ragged gold on earlier

General Characteristics
The gold mineralisation is focused in 0.010.5m thick quartz-feldspar ‘laminate’ bands
(Fig. 14.11c,d), which are enclosed within
the broader lodestone unit. Approximately
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euhedral gold (believed to be associated with a retrograde phase)
5.

A late-stage gold assemblage related to
chlorite-hematite and breccia textures.

ALTERATION HALO
General Characteristics
The Tick Hill enclave is a generally well metasomatised area, with a local abundance of
scapolite and albite-rich rocks, and the occurrence of quartz-diopside-magnetite
‘skarns’ (NHS Oliver, unpublished data,
1992, referenced by Forrestal et al., 1998).
“Red-rock” alteration , comprising (hematiteepidote-sericite-k-feldspar-albite ±magnetite
±actinolite), accompanies D3 faults as veining, breccia and wall rock alteration
(Forrestal et al., 1998).

Inner Halo
The deposit is located within a zone of intense silicification and Na metasomatism,
with oligoclase overprinted by later albite
and/or scapolite feldspar and silica alteration.
The ‘lodestone’ that hosts mineralisation is
typically a quartz-rich rock with interspersed
layers of chloritized biotite, altered hornblende, albite, magnetite, hematite, pyrite,

Figure 14.10 (right): Summary diagram (from Le,
2019a) of the main units within the Tick Hill section and
the key faults from the D2 and D3 deformation phases
as interpreted by Le (2019).
Figure 14.11 (below): Examples of alteration and mineralisation at Tick Hill. From Le (2019a).
A.
B.
C.

D.
E.
F.

Intensely silicified calc-silicate rock.
Quartz-feldspar alteration of the hangingwall
quartzite.
Altered quartz-feldspar mylonite. This sample
demonstrates two stages of feldspar alteration,
with that marked Stage 3 providing a darker red
feldspar.
Close-up of gold mineralisation in the quartzfeldspar mylonite, apparently related to a slightly
darker feldspar.
Interpreted D3 brecciation
Interpreted D4 fault in pit wall.
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sphene, scapolite and apatite, with minor calcite and epidote (Forrestal et al., 1998).
Pyrite and minor pyrrhotite are present in the
deposit, but there appears no systematic relationship with the gold mineralisation
(Forrestal eta l, 1998). Pyrite is locally observed replacing pyrrhotite and magnetite
(Crookes, 1993)
The boundaries of the ore zones are sharp,
and gold anomalism (>0.02 ppm) does not
generally extend more than 2m laterally beyond the limits of the orebody (Forrestal et al,
1998).

Outer Halo
Magnetite occurs in the Hangingwall Quartzite and the Corella Formation of the Hangingwall Sequence, more commonly towards
the lower Corella Formation contact with the
Hangingwall Quartzite. The magnetite is
more prevalent in the down-dip areas (Fig.
14.3). Tedman-Jones (2001) notes the magnetite can be massive to disseminated.
Feldspar alteration extends beyond the limit
of economic mineralisation. Cross-cutting
pink albite-quartz veins occasionally expand
into irregular shaped pegmatite bodies
(Crookes, 1993).

ASTER DATA
Figures 14.12 to 14.15 are produced from
data retrieved from the Geological Survey of
Queensland database of processed ASTER
imagery, undertaken in conjunction with
CSIRO. The images provided here represent
a false colour composite, and three images
processed to highlight:






pyrophyllite ± alunite ± well ordered kaolinite (Index 2165 using Bands 5,6,7 &
8.)
chlorite ± epidote ± jarosite ± gibbsite ±
dolomite ± magnesite (Index 2265 using
Bands 5,6,8,9)
calcite ± talc ± actinolite (Index 2330
using Bands 5,6,7,9)

Information on these datasets can be found
at: https://data.csiro.au/dap/landingpage?
pid=csiro:20912

HYMAP DATA
HyMap data was acquired in 2006-2007 over
the district as part of the Block G Pilgrim
Fault survey. Figure 14.16 to 14.20 are representative images of the HyMap data, which
covers the Tick Hill deposit. The spatial resolution of the HyMap sensor is 3-10m depending on flight height.
The data was flown on behalf of the Geological Survey of Queensland and CSIRO, and is
available at: https://
qdexdata.dnrme.qld.gov.au/gdp/search
The principal reference for the program is
Cudahy et al (2008).
Figure 14.16 provides a false colour image
and Figure 14.17 maps mica composition
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(muscovite/paragonite versus phengite).
The mica composition mapping is sensitive
to the Al-content of the white mica that
ranges from paragonite/muscovite (Al-rich)
to phengite (Al-poor) and driven by coupled
“Tschermak” substitution (Cudahy et al.,
2008).
Blue colours represent the Al-rich mica
(muscovite, paragonite), whilst red is Alpoor mica (~phengite).
Figures 14.18–20 provide relative abundance maps of ferrous iron, epidote and
kaolin, respectively. Epidote is mapped
most commonly with the Corella Formation
rocks (Pkc), and kaolin most commonly
over the ferricretes.

PETROPHYSICAL PROPERTIES
Petrophysical data is not available in the
public domain from the Tick Hill deposit.
Pyrite, pyrrhotite and chalcopyrite are present in the deposit, but at apparently low
levels, such that it may produce IP chargeability anomalism.
The deposit is strongly altered to quartz
and feldspar, which may increase the resistivity, although the host rocks are dominated by quartzite such that any resistivity
contrast is likely to be weak.
Magnetite-rich zones are reported in the
hangingwall to the main lode, but this is
commonly at the quartzite-calcsilicate contact. Regional aeromagnetic data indicates
at least a portion of the calcsilicate unit is
strongly magnetic, such that delineation of
subtle magnetite enrichment will likely be
difficult.

GEOPHYSICAL EXPRESSION
The only publicly available detailed geophysical datasets over the Tick Hill deposit
are a ground magnetic survey completed in
1989 (Fig.14.21) and the 50m line-spacing
aeromagnetic data flown in 1999 by MIM
Exploration (Fig. 14.22). The data shows
that the outcrop of the Tick Hill orebody sits
within a magnetic low zone adjacent to a
linear, but disrupted, broadly N-S-trending
magnetic anomaly that appears to coincide
with a magnetic unit within the eastern limb
of a north-plunging synform in the Corella
Formation. The distinct demagnetisation of
this unit immediately to the southwest of
Tick Hill has been suggested by TedmanJones (2001) as a possible intrusive with
coincident circular fractures.
Radiometric datasets from the broader Tick
Hill district (Figs. 14.25-27) demonstrate
that the deposit itself has no appreciable
airborne radiometric anomalism.
The potassium signal in the district is dominated by the Saint Mungo Granite (Pgwn)
and the Plum Mountain Gneiss (Pgpm).
The Quaternary alluvial channels also produce a moderately high potassium signal.
Several small spot high zones also exist in

the Corella Formation rocks (Pkc).
The thorium signal is dominated by the Saint
Mungo Granite (Pgwn) in the west, and the
duricrusted palaeosols (potentially on the
O’Hara Shale) east of the Pilgrim Fault.
Uranium is strongly anomalous in the lowermiddle Cambrian units, represented in this
area by the Mt Birnie Beds (Clb) and the
Beetle Creek Formation (Cme).

EXPLORATION GEOCHEMISTRY
Regolith
The Tick Hill district is host to laterite profiles
and silcrete. However, whilst the landforms
are intensely weathered to the east of the
Pilgrim Fault, to the west of the fault (where
the Tick Hill deposit is located) they are
deeply dissected (Lilley, 1997). This allowed
the utilisation of standard stream sediment
and soil surface geochemical methods in the
district around Tick Hill.

Stream Sediment Geochemistry
The discovery of the Tick Hill deposit was via
geochemical methods (Forrestal et al, 1998).
A low density stream sediment sampling program (one sample per 4km2) was undertaken
in 1986 for reconnaissance purposes utilising
a -65# (Tyler) sample size fraction for base
metals analysis and a 5-10kg sample of 6mm sediment for bulk cyanide leach (BCL)
determination. Of the 54 sites sampled for
gold, four returned values of > 1ppb and
were selected for follow-up. The sample that
produced the Tick Hill discovery recorded
6.95ppb Au (Figure 14.23).
Follow-up stream sediment sampling, soil
sampling of the creek terraces, and rock
chipping, including in the immediate vicinity
of the eventual discovery site, confirmed
general gold anomalism in the area, but distinct targets were not obvious.

Soil Geochemistry
It was not until a systematic soil sampling
program was completed in 1989 that an obvious focus in the deposit area was outlined.
The programme comprised a 100m x 25m
sample grid, with a -150# (Tyler = 105µm)
sample analysed by 30gm fire assay. The
programme delineated a coherent >0.5ppm
Au anomaly over three survey lines (Fig.
14.24), with a peak value of 7.9 ppm Au
(Forrestal et al, 1998).

TIMING OF MINERALIZATION
Relative Timing
Timing of mineralisation is contentious. Forrestal et al (1998) provide a comprehensive
discussion of the different proposed timings,
which include:


Synchronous with deposition of the enclosing volcano-sedimentary sequence



Synchronous with the regional D1 extensional deformation
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Figure 14.12: False Colour ASTER image (from QDEX Data).Version2 ASTER product created as part of CSIRO’s 3D mineral mapping Queensland, funded by the Geological
Survey of Queensland. Image uses ASTER Band 3 = Red, Band 2 = Green, and Band 1 = Blue (Visible to Near Infrared). Vegetation is highlighted in red, emphasising riparian and
forest cover. The image also shows geological textures, outcrops, landforms, drainage, land use, and infrastructure. (from QDEX Data).
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Figure 14.13: 2165 Index ASTER image (from QDEX Data).Version2 ASTER product created as part of CSIRO’s 3D mineral mapping Queensland, funded by the Geological Survey of Queensland. Aster image uses a combination of Aster bands 5,6,7,8 (SWIR). Output shows abundance of pyrophyllite ± alunite ± well ordered kaolinite.
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Figure 14.14: 2265 Index ASTER image (from QDEX Data).Version2 ASTER product created as part of CSIRO’s 3D mineral mapping Queensland, funded by the Geological Survey of Queensland. Aster image uses a combination of Aster bands 5,6,8,9 (SWIR). Output shows abundance of chlorite ± epidote ± jarosite ± gibbsite ± dolomite ± magnesite.
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Figure 14.15: 2330 Index ASTER image (from QDEX Data).Version2 ASTER product created as part of CSIRO’s 3D mineral mapping Queensland, funded by the Geological Survey of Queensland. Aster image uses a combination of Aster bands 5,6,7,9 (SWIR). Output shows abundance of calcite ± talc ± actinolite.
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Figure 14.16: HyMap false colour image (from QDEX Data). From Stage 1 (Pilgrim Block G) of the GSQ/CSIRO 2006-2008 Queensland mineral mapping exercise.
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Figure 14.17: HyMap mica composition image (from QDEX Data). From Stage 1 (Pilgrim Block G) of the GSQ/CSIRO 2006-2008 Queensland mineral mapping exercise. Blue
colours represent the Al-rich mica (muscovite, paragonite), whilst red is Al-poor mica (~phengite).
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Figure 14.18: HyMap ferrous iron image (from QDEX Data). From Stage 1 (Pilgrim Block G) of the GSQ/CSIRO 2006-2008 Queensland mineral mapping exercise.
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Figure 14.19: HyMap epidote abundance image (from QDEX Data). From Stage 1 (Pilgrim Block G) of the GSQ/CSIRO 2006-2008 Queensland mineral mapping exercise. Epidote is mapped as most common in the Corella Formation (Pkc).
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Figure 14.20: HyMap kaolin content image (from QDEX Data). From Stage 1 (Pilgrim Block G) of the GSQ/CSIRO 2006-2008 Queensland mineral mapping exercise. The kaolin
content is highly anomalous in the mapped ferricrete units.
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Synchronous with regional D2 upright
folding and prograde metamorphism



Synchronous with D3 late faulting,
kinking and granitoid emplacement

The most recent work has leant towards a
late mineralisation model, with TedmanJones (2001) and Le (2019 – preliminary interpretation) suggesting the main period of
gold deposition was of approximate D3 timing.

Absolute Age
Pb-Pb ages on coarse pyrite separates were
reported by Groves and McNaughton
(unpublished data, 1995, as referenced by
Forrestal et al, 1998), which are consistent
with a 1530Ma age. Although Forrestal et al
(1998) note this could reflect either a primary
or a reset pyrite age. Additionally, no context
is provided regarding the relationship of the
pyrite to the gold mineralisation.
Le (2019a) presents preliminary U-Pb ages of
between 1528Ma and 1517Ma from late pegmatites at the Tick Hill deposit.

GENETIC MODEL
The general consensus genetic model for the
Tick Hill deposit is that of a structurallycontrolled hydrothermal deposit. However,
the timing and detail of the genesis is still
contentious.
Notes re the proposed two end member models (in terms of timing) are summarised as
follows:
D1-timing (summarised by Forrestal et al.
1998):






gold occurs mainly as inclusions in recrystallised quartz ribbons, or in albite or
potassium feldspar grains, most commonly in zones of highest apparent D1
strain.
Equant quartz grains containing gold
possess a strong crystallographic preferred orientation parallel to the D1 foliation.
A relationship between strong metasomatism (albitisation and scapolitisation)
around the early intrusive bodies and
the deposit alteration drew Watkins
(1993) to consider genetic links with the
pre- to syn-D1 pegmatites.

D3-timing:




Tedman-Jones (2001) presents a model
whereby east-northeast dilation fractures were the focus of introduced K-Na
feldspar metasomatism and subsequent
gold mineralisation into a fracture confined and pre-prepared ductile deformed
silica-actinolite-magnetite breccia that
also provided a reactive wall rock medium to the oxidizing gold bearing brines
contributing to gold deposition.
Le (2019a) suggests that the ore enve-
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lope transects lithological boundaries (i.e. the ore envelope overprints the S1 fabric) and that it displays a close spatial association
with D3 shear zones.

POST-FORMATION MODIFICATION
The deposit has seen minor postformation faulting. Weathering in the immediate deposit area is not strong, and
the orebody subcrops below several
centimetres of residual C-horizon soil
(Forrestal et al., 1995).

EXPLORATION
Conceptual Targeting
The Tick Hill area became a focus of exploration for Carpentaria Exploration
Company Pty Ltd (later MIM Exploration
Pty Ltd) in the late 1980’s on the basis

Figure 14.21: Contour map of ground magnetic
data from the Tick Hill deposit. From Forrestal et al.
(1995).

of a conceptual copper model (Forrestal et
al., 1995). Research work at the Mount Isa
copper deposit had concluded that these
orebodies were formed in the late stage of
the local deformational history rather than
being syngenetic deposits (Perkins, 1984,
Swager, 1985), and that this indicated a link
between the Mount Isa copper deposit and
smaller structurally controlled copper occurrences in the Mount Isa Inlier.
This concept led to a view of prospectivity
based around carbonate host rocks in zones
of high strain. In addition, smaller occurrences were interpreted as potential “smoke” for
larger systems, and the known presence of
significant gold credits in many small Isa Inlier copper deposits, particularly in the Eastern Succession, put a focus on the distribution of gold in the Isa Inlier.
The ground selection geological criteria in-
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cluded the following (Forrestal et al, 1995):


Areas with known copper mineralisation



That copper mineralisation have a significant gold credit



Carbonate-rich rocks



High strain zones

These criteria led to an initial focus on the
southern part of the Corella Formation.

Discovery Method
As outlined in the “Surface Geochemistry”
section above, the discovery of the Tick Hill
deposit was through regional reconnaissance bulk leach stream sediment geochemistry, followed up by geological mapping,
rock chip sampling and soil sampling.
As a side note, early in the exploration history a RAB program was completed to test for
top-of-basement geochemistry in adjacent
areas lacking outcrop. One hole was drilled
as close as 100m west of the original discovery site but only returned background copper
and gold values (Forrestal et al., 1995).
A 7-hole RC drilling programme completed in
late 1989 over the gold soil anomaly outlined
in the previous sections provided the discovery intersection of 24m @ 32.2 g/t Au.
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Figure 14.23: Plot of the stream sediment data collected by Carpentaria/MIM in the Tick Hill area. The 6.95ppb
sample near the junction of Petticoat Creek with Tick Hill
Creek was the “discovery” sample that drew interest to
complete the additional sampling upstream in Tick Hill
Creek towards the eventual discovery area.

Figure 14.24: Plot of gold in soil samples from the 100m x
25m grid. A strong gold-in-soil anomaly was delineated that
guided targeting of the discovery holes.
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Figure 14.25: Potassium image (from QDEX Data). The high zones comprise the Saint Mungo Granite (Pgwn) and the Plum Mountain Gneiss (Pgpm). The Quaternary alluvial
channels also produce a moderately high potassium signal. Several small spot high zones also exist in the Corella Formation rocks (Pkc).
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Figure 14.26: Thorium image (from QDEX Data). The high zones comprise the Saint Mungo Granite (Pgwn) in the west, and the duricrusted palae osols (potentially on the
O’Hara Shale) east of the Pilgrim Fault.
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Figure 14.27: Uranium image (from QDEX Data). The lower Cambrian units (represented in this area by the Mt Birnie Beds and the Beetle Creek Formation) are highly
anomalous in uranium.
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Figure 14.28: Plot of gold values from the open file stream sediment data in the Tick HIll district (from QDEX Data —East Isa collection). Sampling utilised a –2mm fraction
and the analysis was via a bulk leach. Survey completed by MIM and documented in company reports (CR29651, CR27375).

504

Northwest Mineral Province Deposit Atlas

Tick Hill Deposit

Chapter 14

Figure 14.29: Plot of copper values from the open file stream sediment data in the Tick Hill district (from QDEX Data —East Isa collection). Sampling utilised a –80# or –65#
fraction. Surveys completed by MIM and documented in company reports (CR29651, CR27375, CR20379).
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