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Money Shoal Basin

these have been intermittently mined since 2006. Bauxite 

Cobourg Peninsula, and on Croker and Melville islands, 
but these are yet to be exploited. Extractive minerals, 
including sand and porcellanite, are quarried in the Darwin 
region for a variety of industrial and ornamental uses. The 
offshore Money Shoal Basin is also very prospective for 
petroleum, although no commercial discoveries have yet 
been made.

Heavy mineral sands

Ilmenite-, leucoxene-, zircon- and rutile-bearing heavy 
mineral sands are present along the Quaternary coastal 
plains of Melville and Bathurst islands. Heavy mineral sand 
accumulations are present within both the Pleistocene and 

these are Pleistocene-aged littoral quartzic sands associated 
with the palaeo-shoreline. The immediate provenance 
of the heavy mineral sands is the Cenozoic Van Diemen 
Sandstone, which contains thin laminae of identical heavy 
minerals. The Pleistocene and Holocene deposits have 
been subjected to two cycles of erosion and deposition, 
being originally derived from Palaeoproterozoic igneous 
and metamorphic rocks of the Pine Creek Orogen. Carbon 
dating of the underlying shelly coquina at the Lethbridge 
deposit on Melville Island has yielded a date of 2000 years 

Early investigations to assess the concentrations of 
mineral sands on Melville Island included Mackay (1956), 
Murphy (1970), Hughes (1978), and McGoldrick (1995). 
These investigations included shallow auger drilling to the 
water table and indicated the presence of heavy mineral 
sand as zones and layers of black sand near the high-water 
mark, associated with depressions in the dunes behind. No 
heavy mineral grades were reported in these early studies 
and the rutile content was stated as too low to be of interest 
at that time; however, a modal analysis of 80 samples 
from a number of localities (Hughes 1978) indicated a 

tourmaline and kyanite are the main heavy minerals with 
zircon forming up to 70% of the heavy mineral fraction. 

Ltd) has conducted an extensive exploration program for 
heavy mineral sands along the coastlines of Melville and 

economic deposits.

Tiwi Islands are shown in Figure 40.7. In 2006, total resources 
were given at 6.98 Mt averaging 4.4% heavy minerals, 
mainly zircon, rutile and leucoxene (Figure 40.9a). These 
resources were established at the Andranangoo (3.52 Mt), 
Lethbridge (1.57 Mt) and Puwanapi (1.89 Mt) deposits 
(Matilda Minerals 2006). Production commenced in late 
2006 and was suspended in September 2008 after producing 
a total of 46 000 t of zircon concentrate grading 50% zircon 

Lethbridge West deposit. Mining produced 11 400 t of high-
grade concentrate (Figure 40.9b), containing approximately 
70% combined zircon and rutile, from 134 500 t of ore. This 
was loaded onto bulk carriers by barge in Lethbridge Bay 

(Figure 40.9c) and shipped to China for processing (Matilda 
Lethbridge 

South deposit, 4 km southeast of Lethbridge West, in March 
2012. This deposit contains JORC compliant reserves of 

and is described in Hughes (1978) and in various reports by 

Matilda announced a maiden Inferred Resource for the large 
Kilimiraka deposit on the south coast of Bathurst Island 
near Cape Fourcroy that comprises 56.2 Mt grading 1.6% 
heavy minerals for 893 700 t of heavy minerals, including 
over 92 000 t zircon, 57 000 t rutile, 127 000 t leucoxene 
and 368 000 t ilmenite. This deposit is much larger than the 
Lethbridge deposits and has the potential to underpin an 

Figure 40.9. Lethbridge heavy mineral sands mining operations 
a) Heavy mineral sand concentrate. 

(b) Lethbridge West processing plant with concentrate stockpile. 
(c) Conveyor loading heavy mineral sands concentrate onto a 
barge at Jessie River, Lethbridge Bay, Melville Island. 
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Bauxite

Lateritic bauxite deposits in the Money Shoal Basin include 
occurrences on the Cobourg Peninsula, Croker Island 
and Melville Island (Figure 40.8). Those in the Cobourg 
Peninsula–Croker Island area have developed over undivided 
Bathurst Island Group, whereas those on Melville Island are 
developed over the Cenozoic Van Diemen Sandstone. The 
bauxitic laterite in the Cobourg Peninsula–Croker Island 
area is up to 4 m thick and averages about 2 m. It forms a 
gently north-sloping land surface that is best exposed along 
the northern coastlines (Hughes 1978). 

laterite that assayed 47.32% Al2O3 at Mount Roe on 

followed-up by Owen (1949) who established the presence 
of 0.6–1.4 m-thick pisolitic bauxite at the locality visited 
by Brown. Rio Tinto Exploration Pty Ltd conducted some 
reconnaissance work on bauxite deposits on Croker Island 
(Matheson 1957) that were later drill-tested by Reynolds 
Metals Company (Kidd 1961). Australian Mining and 
Smelting Company Ltd (Patterson 1958) investigated 
bauxites in the Snake Bay area on Melville Island and United 
Uranium NL conducted geochemical sampling of bauxite 
occurrences on the Cobourg Peninsula (Larsen 1965). 
Swiss Aluminum Mining Australia Pty Ltd conducted 
geochemical sampling at Cache Point on western Melville 
Island and prospects on the Cobourg Peninsula (Swiss 

Aluminum 1969, 1970a, b). These bauxite occurrences were 
described by Ferenczi (2001).

A close correlation exists between the distribution 
of bauxite and thorium anomalies detected by 
airborne radiometric surveys (Hughes 1978). Thorium 
concentrations in 13 samples collected from the Cobourg 
Peninsula ranged from 6–54 ppm and averaged 35 ppm 
(Hughes 1978). Of the 12 known occurrences of bauxite 
in the Money Shoal Basin, drilling has been conducted at 

Island and Araru Point. 

Vashon Head and Midjari Point

At Vashon Head on the Cobourg Peninsula, a 1–4.5 m-thick 
bauxite deposit that averages 3 m in thickness extends 
over an area of about 48 km2 (Figure 40.10). The pisolitic 
bauxite layer overlies a ferruginous nodular laterite that 
has developed over a shale bed in the undivided Bathurst 
Island Group (Weber 1969). The deposit has been explored 
by United Uranium NL by rock chip sampling, auger 
drilling and pit excavation. This work has outlined inferred 
resources of 9.7 Mt averaging 46.2% Al2O3 and 16.1% SiO2 
at an average thickness of 3 m, and 5.8 Mt averaging 
36.7% Al2O3 and 20.2% SiO2 at an average thickness of 
1.7 m. Most of the silica appears to be reactive ie, it is present 
in silicate minerals such as clay (usually kaolinite). Fe2O3 
content is about 14% and TiO2 content is about 3% (Larson 
1965, Weber 1969, Ferenczi 2001). The bauxite resource 
at Vashon Head appears to be of sub-metallurgical-grade, 
but no ore characterisation work has been conducted and if 
the clay minerals are loosely bound in the bauxite material, 
then crushing and washing may reduce the reactive silica 
content and improve the potential of this deposit as a source 
of metal-grade bauxite (Ferenczi 2001).

The Midjari Point prospect is located just to the 
south of Vashon Head. A measured section of the bauxite 

Figure 40.11. Gibbsite 
is the principal mineral within the bauxite layers and is 
commonly in the form of pisoliths that generally vary 
from 2–8 mm in size. Kaolinite, haematite and minor 
quartz form the remaining minerals. The pisoliths occur 
with reworked framework grains of quartz, feldspar, 
calcite, tourmaline, opaque minerals, broken pisoliths and 
rock fragments, and are set in a matrix composed of very 

quartz grains. Ferruginous nodules and detrital clasts 
from underlying beds are commonly scattered through the 
loose pisolitic layer.

Croker Island

Bauxite is present only in the northern part of Crocker 
Island. It averages about 1.5 m in thickness and occupies 
an area of about 80 km2 (Kidd 1961). Pisolitic bauxite 
overlies a hard, red-brown tubular laterite with a sharp 
contact. Pisoliths are 3–8 mm in diameter. The tubular 
laterite grades down into a mottled clay zone that in turn 
overlies grey weathered shale of the Bathurst Island Group. 
This deposit was explored by Reynolds Metals Company by 
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Figure 40.10. Vashon Head bauxite deposit, Cobourg Peninsula 
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drilling, which outlined an inferred resource of 660 000 t 
averaging 30%+ Av.Al2O3 (Kidd 1961). Six grab samples 
subsequently obtained by United Uranium NL averaged 
35.3% Al2O3, 31.2% SiO2, 25.6% Re.SiO2, 15.4% Fe2O3 
and 1.85% TiO2 (Larsen 1965). The high levels of reactive 
silica in the Croker Island deposit reduces the potential for 
commercial exploitation (Ferenczi 2001).

Araru Point

A 0.5–2.4 m-thick pisolitic bauxite deposit has been 
outlined over an area of 13 km2 at Araru Point on the 
Cobourg Peninsula. United Uranium NL explored this 

resource of 2.4 Mt averaging 35–40% Al2O3 and 20%+ SiO2 
(Larsen 1964, Weber 1969). Additional surface sampling 
was conducted by Swiss Aluminum Mining Australia Ltd 
and 12 samples from this work averaged 42.3% Al2O3, 
18.1% SiO2, 16.1% Fe2O3 and 3.2% TiO2 (Swiss Aluminum 
1970a, b). Low tonnages and Al2O3 content, and high 
levels of reactive silica reduce the commercial viability 
of this deposit as a source of metallurgical-grade bauxite 
(Ferenczi 2001).

Other occurrences

Bauxite has been reported from a number of other locations 
on the Cobourg Peninsula and Melville and Bathurst 
islands (Swiss Aluminum, 1969, 1970a, b, Hughes 1978, 
Ferenczi 2001, Figure 40.8). At Smith Point on the Cobourg 
Peninsula, tabular bauxite has been reported along the 
narrow headland separating Port Essington and Port Bremer 
(Hughes 1978). It covers an area of about 20 km2 and varies 
in thickness from 0.5–2 m. At Turtle Point, along the western 

about 2 m thick (Hughes 1978) and at Danger Point in the 
northeastern Cobourg Peninsula, the presence of an iron-

Melville Island, bauxite has been reported at Milikapiti 
Hill and Piper Head. At the former occurrence, bauxite is 
known to extend over an area of 15 km2 and the maximum 
thickness of the pisolitic layer is about 6 m (Hughes 1978). 

Extractive minerals

Sand

Doyle (2001) provided details of investigations, including 
geological mapping and extensive drilling, for extractive 

prospective areas. The Howard Sand member of the Darwin 

sand for used in the construction industry. The Boral Sand 
Pit (Figure 40.12) near Howard Springs is operated by 
Boral Industries and produces 60 000–80 000 t/yr of coarse 

Dredging extends to 20–25 m below the surface and there 
is still a substantial resource that could be accessed by 
extending the western and northern sides of the excavation 
(Doyle 2001). AN47, which is located to the south of the 
Howard Springs Forestry Reserve and owned by All Earth 
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Industries, is extracting sand by bucket excavation from the 
Howard Sand member to about 6 m depth (Figure 40.13). 
This operation produces about 7000 m3 per year of coarse 
washed sand for concrete aggregate. A number of other sand 
prospects have been located and drilled by Doyle (2001) and 
the total sand resource in the Darwin region is estimated to 
be about 10 Mt, most of it in the Howard Sand member. 

Figure 40.11
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Porcellanite

that occurs in the siliceous zone beneath lateritic duricrust 
of the Darwin Formation in the Darwin area, where 
it is exposed in coastal cliffs. The upper 2–4 m of the 

rock with a silica content approaching that of silcrete. The 
underlying altered and porous siltstone is much weaker 
and deforms plastically under loading. The geotechnical 
properties of the Darwin porcellanite have been described 
by McQueen (1957) and more recently by McNally et al 
(2000). Porcellanite has been used in many of the historical 
buildings of Darwin (Figure 40.14) and was obtained from 
the now-abandoned Larrakeyah Quarry, located at Doctors 
Gully at the northern end of Darwin city. Another quarry was 
developed during the Second World War on the present site 
of the Stuart Park Primary School. Porcellanite was crushed 
and used as exposed aggregate in concrete bunkers and gun 
turrets at East Point and Casuarina Beach (Doyle 2001). 
The currently operating Koolpinyah Porcellanite Quarry 
at Shoal Bay Peninsula ( ) has been excavated 
down to about 3 m depth, below which the material becomes 
softer. The porcellanite from this quarry is hand worked by 
stonemasons for building stone; other material is washed 
and rounded and is used as an ornamental landscape stone. 

Petroleum

The history of petroleum exploration in the Arafura and 
Money Shoal basins is discussed in Arafura Basin. A 
number of exploration programs involving drilling and 
seismic acquisition have been conducted in these stacked 

basins, particularly since the 1960s, but so far, no commercial 
hydrocarbon accumulations have been discovered. Despite 
this, the Money Shoal Basin remains underexplored and 
is prospective for petroleum. Nine offshore petroleum 
exploration wells have been drilled in the basin, all in the 
region of the underlying Goulburn Graben. Direct evidence 
of hydrocarbon generation and expulsion is provided by 

Figure 40.12. Dredge in operation at Boral sand pit in Howard 
Sand member (photograph from Doyle 2001).

Figure 40.13. One of the open pits at AN47 quarry. Excavation is 
down to water table (photograph from Doyle 2001).

Figure 40.14. (a) Porcellanite block work in St Mary’s Cathedral, 
Darwin. (b) Detail of block work in bell tower of St Mary’s 
Cathedral.

a

b
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oil shows/indications and gas indications in the majority 
of wells drilled, at various levels in the Palaeozoic and 
Mesozoic successions. 

Source rocks and thermal maturity

Potential source rock intervals occur at a number of levels 
in the stacked McArthur, Arafura and Money Shoal 
basins ( ) and those from the pre-Mesozoic 
successions are discussed in McArthur Basin and Arafura 
Basin. In the Money Shoal Basin, potential source rocks 
containing oil-prone Type II/III kerogen occur throughout 
the Mesozoic section. The Jurassic Plover Fm equivalent has 

and some intervals within the overlying Jurassic–Early 
Cretaceous Flamingo Group equivalent have TOC values 
up to 4.9%, indicating fair to very good source potential for 
these units (Struckmeyer and Earl 2006). Both successions 
are generally immature for oil generation over much of the 
basin, particularly in the east, but maturity increases to 
the northwest and in the deepest parts of the basin, such 
as the western Goulburn Graben and areas further to the 
north, they are likely to be mature for oil and possibly gas 
generation (McLennan et al 1990, Higgins 2009). The 
Cretaceous Bathurst Island Group has TOC values in the 
range 0.5–2.7%, indicating that some intervals have fair to 
good source potential. Over most of the Money Shoal Basin, 
these rocks are immature for hydrocarbon generation, but 
they may be buried deep enough to reach oil maturity in 
the westernmost Goulburn Graben and adjacent areas of the 
Bonaparte Basin (Struckmeyer and Earl 2006).

Reservoirs and seals

The upper Plover Formation provides the reservoir 
for gas accumulations in the eastern Bonaparte Basin 
and equivalent rocks in the Money Shoal Basin have 
variable porosities in the range 5–27% (Earl 2006), 
indicating that there is potential for favourable reservoirs 
in the basin. Seals could be provided by claystone-rich 
intervals in the lower Flamingo Group equivalent, and 

by the Bathurst Island Group in the eastern part of the 
basin ( ). Flamingo Group rocks host major 
hydrocarbon accumulations in the Bonaparte and Browse 
basins, and equivalent rocks in the Money Shoal Basin 
are likely to have similar reservoir potential (Struckmeyer 
and Earl 2006). Earl (2006) reported that samples of this 
group from drillhole Tasman-1 have good to excellent 
reservoir properties, with an average porosity of 18.5% 
and a maximum of 32%. Interbedded mudstone intervals 

of the Bathurst Island Group could provide a regional seal. 
The reservoir properties of sandstone intervals within the 
Bathurst Island Group have not been properly assessed, but 
samples from drillhole Tuatara-1 have yielded porosities of 
13–33 %, with an average of 20% (Earl 2006).

Prospectivity

An assessment of the prospectivity of the Money Shoal Basin 
by Higgins (2009) concluded that the underexplored northern 
portion of the basin was most likely to contain hydrocarbon 
accumulations, particularly towards the western margins, 
where up to 4.5 km of preserved section is thick enough to have 
enabled the generation of hydrocarbons from in situ Jurassic 
source rocks. The portion of the basin overlying the Goulburn 
Graben has been tested by nine exploration drillholes that 
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have demonstrated the presence of good-quality reservoirs 
and seals in the basin succession, and of hydrocarbons in the 
region; however, these have failed to locate any commercial 
hydrocarbon accumulations. The southern portion of the 
basin contains less than 3 km of sedimentary rocks and has 
received little exploration interest. Due to the thinness of the 
succession, in situ sourcing of hydrocarbons is unlikely and 
long-range migration from neighbouring source kitchens in 
the Bonaparte and Arafura basins would be necessary to 
charge potential traps (Higgins 2009). 

The Money Shoal Basin has a variety of potential 
stratigraphic and combined stratigraphic/structural plays 
for hydrocarbons sourced from underlying Palaeozoic 
sedimentary rocks and from mature Mesozoic source rocks 
in the western and northwestern parts of the basin. Onlap 
plays associated with the underlying Triassic unconformity 
occur within increasingly younger strata to the east, and 
provide numerous potential targets within Middle Jurassic 

transgressive and highstand settings (Struckmeyer 2006c). 
Other plays include broad anticlines draped over the 
Palaeozoic succession and tilted fault blocks above the 
margins of the Goulburn Graben (McLennan et al 1990). 
Good potential plays are also associated with a large Late 
Jurassic (Tithonian) channel system, at least 225 km long 
and an average of 10 km wide, that follows the major 
bounding faults of the Goulburn Graben (BHP Petroleum 
1993, Miyazaki and McNeil 1998, Barber et al 2004). This 
system provides numerous potential stratigraphic and 

features, which remain untested. Middle–Late Cretaceous 
prograding shelf and contiguous slope and basin deposits 
also provide numerous potential plays, particularly within 
lowstand wedge deposits such as slope fans, channel-levee 
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