thorium and their daughter products inside of the plutons.

Recent studies suggest that the gold mineralisation is
related to a mixing of fluids, which produce distinctive fluid
inclusions in quartz associated with the gold mineralisation
(Sheppard et al., 1991). The gold mineralisation has a
distinctive geochemical association, which in combination
with the fluid inclusion data provides a preliminary method
of assessing the economic potential of anomalous minera-
lisation. The fluid inclusion and geochemical studies both
implicated a significant input from a granite source during
mineralisation. Two studies were then commissioned to
assess the role of granites belonging to the Cullen Batholith
had in the formation of ore deposits in the Pine Creek
Geosyncline; especially gold mineralisation. The main aims
of the study were to provide a set of criteria that could be
used to prioritise exploration targets in the Pine Creek
Geosyncline and possibly in other Precambrian terrains.

The Cullen Batholith in the Pine Creek Province is asso-
ctated with a very broad scale of hydrothermal deposits
showing conlrast in spatial distribution and style, tempera-
ture and timing of the mineralisation (Fig. 2). The associa-
tion of the mineralisation with the granites and their thermal
aureole suggests that many of the mineral deposits werc
formed during the initial intrusive and the following cooling
phase of the Batholith. In particular, deposits characterised
by relatively high-medium formation temperatures such as
the tin and gold mineralisation must have been associated
with these stages. There exists, however, evidence that other
deposits were formed at significantly later times than the
original intrusions (eg uranium and epithermal lead mine-
ralisation),

The majority of the granites in the Cullen Batholith have
a concentration of radioactlive elements significantly above
that typical of granites (Plant et al. 1985). As a consequence,
they are characterised by unusually high heat production
and heat flow rates. Because they also are in an advanced
state of fracturing and weathering, these granites are poten-
nal sites for post-magmatic hydrothermal cenvection in
response to radioactive heat production.

The Cullen Batholith is associated with radioactive heat
generation between 4.02-9.96 £ uWImJ or 9.6-23.9 HGU
(1 HGU =0.417 iLLWfI'I‘Ij =3.16 calfmjfyear} generated by
approximalely 12 ppm U, 40 ppm Th and 4 % K. With the
average heat production value of 5.79 & uWr’m3 (13.9HGU
or 44 cal/m’/year) the Cullen Batholith is over two times
higher than the average granite heat production at
2.5 £ WW/m? (equivalent to 19 cal/m’/year).

As discussed above granitoids and their contact halos
appear to be important in the genesis of most if not ail
mineral deposits in the Pine Creek Geosyncline. This may
be due to heat input, fluid input or gold source. Field
observations indicate that gold deposits occur within or just
outside the contact metamorphic halos of granites. Regional
structure, particularly regional anticlines associated with
duplex thrust fault systems, appear to be the main control
on mineralisation. However the reasons for this association
are not clear and this will be addressed in this study.

2. Regional Geology, Stratigraphy
and Geochemistry

2.1. Geology and Stratigraphy

The Pine Creek Geus_}'nclinc 15 an Early Proterozoic inlier
of approx. 66 000 km” in area (Needham et al., 1980 and
Stuart Smith et al., 1993). The geosyncline comprises a
supracrustal sequence that consists predominantly of fine
grained clastic sediments, BIF's, minor evaporites and plat-
form carbonates, acid volcanics and basic intrusive rocks
which overlay granite migmatite complexes of Archaean
age (ca 3300-2400 Ma using Sm-Nd age dating, Rb-Sr
whole rock ratios and zircon U-Pb ion microprobe zircon
ratios as dating methods). Sedimentation and volcanism
occurred between 2 000 to 1870 Ma forming an intracrato-
nic basin, approximately 10 kilometres thick, by crustal
extension of the predominantly Archaean granitic base-
ment. This was followed by the intrusion of dolerite sills,
complex multiple deformation, regional metamorphism and
granitoid intrusion with associated contact metamorphism.
The intrusion of granitoids was accompanied by the extru-
sion of felsic volcanic rocks in the Katherine region. These
volcanics rest unconformably on the Early Proterozoic me-
tasediments as do the largely undeformed Middle and Late
Proterozoic, Palacozoic and Mesozoic strata as well as
Cainozoic sediments and laterite,

The stratigraphy of the Pine Creek Geosyncline is summa-
rised in Table 1. The age of basement granitoids in the
Nanambu Complex and the intrusive Nimbuwah Complex
confine the depositional age of the strata between 2470 Ma
and 1870 Ma (Stuart Smith et al., 1993). Age determinations
from a twffacecus unit in the Mt. Boonie formation gave
1885 * 2 Ma, which constrains the depositional environ-
ment between 2000 Ma and 1880 Ma.

The oldest unit preserved locally is the Namoona Group,
which contains the Masson Formation and Stag Creek Vol-
canics, A broad two fold stratigraphic sequence has been
recognised in the Masson Formation with a lower unit of
shale and siltstone with rare dolomite interbeds and an upper
carbonaceous shale and siltstone sequence. About a fifth of
the formation comprises quartz-feldspar sandstone and
pebble conglomerate similar to the Mundogie Sandstone.

‘The Noonamah Group also contains minor tuff, tuffaceous
siltstone and greywacke of the Stag Creek Volcanics, These
are poorly exposed and deeply weathered. Clastic and minor
chemical sediments of the Mount Partridge Group either
unconformably or disconformably overlie the Noonamah
Group units. This group consists of the Mundogie Sand-
stone and the Wildman Siltstone. The Mundogie Sandstone
ranges in thickness from less than 300 metres east of the
Mary River to 1200 metres in the Mt. Masson area. The unit
comprises an interbedded sequence of psammite and minor
conglomerate and pelite. Over 50 % of the formation com-
prises coarse to pebbly feldspathic quartz sandstone and
arkose. The remainder of the formation comprised of silt-
stone and rare pyritic shale. The Wildman Siltstone is



YIS

EES
Hybad
Xgnaiitn

~———  Regional Faults
——3  Regional Folds

Figure 2. The Cullen Batholith mineral field.
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exposed in the Frances Creck arca. along the castern margin
ol the Burnside Granite and i the cores of the Burrundie
Dome. 1o the south of the Howley Anticline and in the Mt
Bundey arca, The Tormation is predominantly a pelitic
seguence containing up o 10 % psammitic rocks, 11 has
heen divided imo two members on the basis of demminant
hithology (Staart-Smith. 19835). The Wildman silistone con-
{ormably overlies the Mundogie Sandstone and 1s overlain
by the Koolpim Formauon, The pehine rocks i the Torma-
tion are comprised of carbonaceous mudstone. siltstone and
shale. Tronstone lenses similar to those found in the lower
Koolpin FFormation oceur near the base of the unit, Sand-
stane and siltstone with rare dolomite beds are more com-
muon lwwards the top ol the sequence.

The rocks which have been assigned o the South Alligator
Grroup occur in the north and south ol the Pine Creck
Geosvicline and form the core ol the Howley Anticlime, the
Tanks of the Bawchelor Dome, the Burnside Gramte. Mi
Bundey Granite and the Burcundie Dome areas. The South
Allizaror Group consists of the Koolpin Formation. which
s comprised of a series ol alternating mudsiones. shales,
carbonaceous pyritic shales, wronstones and vellow clay-
stones. The upper contact of the Kosipin with the Gerowae
Tult has vencrally been the focus Tor the itrusion o sills
ol Zamu Dolente. The lithologies belongimg 1o the Gerowie
Tull, which lic stratgraphically above the rocks of the
Koolpin Formaton, comprise a scquence ol bedded chert.
it mudstone and yvellow and grev/Muoe siltstone. wllace-
ous grevwacke and nodular mudstome. Many of the chers
are Tinely Limmated and contam cross-bedding. The upper
part ol the South Alligator Group 1s comprised of the ML
Bommie Formation, which occurs stratgraphically above
the cherts which form the Gerowie Tull, The hirst oceur-
rence ol the ML Bonnie Formation s taken to he a coarse-
erained greywacke. which forms o distinctive marker
horizon wlonyg the castern limb of the anticling. The man
rock types consist of alternating mudstones. greywackes
aned thin ironstone horizons,

The Burrell Creek Formation conformably overlies or is
Grulted against the M Bonmie Formation and s the only
member ol the Finniss River Group, The Tormation crops
out extensively throughout the arca of the Cullen Bathohith.
forming more than 50 % ol the outerop. This formation
venerilly consists ol tombstone-like outerops ol massive
dark grey greywacke. interbedded with red-brown phyllite.
locally a pebble conglomerate with dacitic ¢clasts and rare
lenses ol aliered Telsic 1o intermediale {elsic volcanics,
A red to olive green siltstone comprises up to 70 % of the
lormation, This lithology can contain sulphide-nch honi-
2ons andd eross beddimg, The siltstone is imterbedded with 2
w 14 metre thick grevwacke units. The beds are Dithic olien
srading inwey conglomerate with volcanihithie clasts. Rare
howdies of medium grained aliered imermediate to felsic
vorlcanies oceur near the Margarel Granie and south ol the
Uinion Extended Mine.

Two vroups of Early 10 Middle Proterovoic voleanic
sequences overhie the Lower Proterozoic sediments. These
imclwde sandstone, rhyolite, amy adaloidal malie voleanies

1

and turbidites ol the El Sherana Group, which appear to
have formed between 1870 and 1860 Ma, and sandstone,
conglomerate rhyodaciie, rhyelite, ignimbriie and witfs of
the Edith River Group which appcars 1o be co-magmatic
with the Cullen Batholith in 1830 Ma.

The sediments of the Koolpm, Gerowie Tull and M.
Bonnie Formatioms are mtruded at varnous ievels by than
sills of dolerite. The dolerites also oceur as pods and sheets
which cross-cul bedding, but have heen metamorphoscd
and delormed along with the sediments. The sitls, regional-
lv lermed the Zamu Dolerite, are domimantly o massive
areenish. ine o medium gramed quanz dolerite (Stuart-
Smith, 1985). Deserptions ol the dolerite with detaled
petrology and peochemical analysis can be Tound in Fergu-
sot and Needham (19748),

2.2. Geochemistry

Frerguson (1980 collected 350 samples ol the vanous
lthologies that comyprise the sedimentary sequenees in the
Pine Creck Geosyneline. These samples were anabyscd for
41 clements, Ewers etal, (T985) Tollowed this study with a
mere detatled stiudy on whole-rock and trace clement tremds
Fow varous parts of the siratigraphy. The means and stand-
ard deviations for the various clements Tor the four mam
stratigraphie groups, and the average compositions Tor the
three magor rock tvpes thal comprise 1hese aroups are given
i Tabkke 2. There appears o be o metal enrichment at the
base ol the Noonamah Group. which is interpreted 1o be
related o Telsie and malic voleanism. Values up 10 30 ppb
Au 66 ppm Cu, 4 ppm Phoand 100 ppan Zn oceur i these
lower aroups. Higher in the sequence. especially within the
South Alligator Group, base metal values and As are ano-
mialously high. These can reach up 1o 10 pph Au, 80 ppin
Cu. 60 ppm Ph and 140 ppm Zn. The higher base metal
conlent ol these rocks is interpreted 1o relae the black
shalefelsic volcanic componcnl o this group,

One mteresting feature of the study by Ewers et al. (1985)
is the lack ol enrichment in metafs in carbonaccous pelites
i comparisan 1o ordinary pelitic sediments. This also -
cludes gold. Tt s clear Trom Table 2 that contrary to reeent
suggestions by such authors as Nicholson and Eupene
(19900, Gouleviteh (1980) and Nichobson et al, (1994) the
best source rocks for gold mineralisation are not the carbo-
naceous shales ol the South Alligator Group, but rather the
rowks ol the lower stratigraphy. mainly within the Noona-
mah Group. This enrichment may be related (o mahc vol-
canism which occurred as the Pine Creek Geosyneline
apened, although the upper siratigraphic units do not appear
tor be the best candidates Tor sourcing sold mimeralisation,
their carbomaccous coment iron conlent and chemical va-
riability. oficn related w lelsic volcanism, makes the hitho-
lngics of both the Finniss River and South Alligator Groups
the ideal chemicul reactants for depositing gold mncralisa-
hion.
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