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EXECUTIVE SUMMARY

Since 1879, when porcellanite was used to build Darwin’s first buildings, extractive minerals have been the raw materials 
responsible for the construction of present day Darwin, Palmerston and the Litchfield Shire, along with the roads that connect 
them. Extractives also helped rebuild Darwin after World War 2 and Cyclone Tracy.

There are approximately 250 extractive mining tenements within the outer Darwin area, including granted leases and those 
under application. Extractive minerals used around Darwin include fine and coarse sand, natural gravel, crushed rock, porcel-
lanite, clay, soil and dimension stone. The average consumption of extractive minerals (crushed rock, gravel and sand) in the 
Darwin region over the last 4 years was 1.3 million tonnes and this is half the Territory average of 2.6 million tonnes. The 
estimated demand for extractive minerals in the year 2020 for the Darwin region is 2.2 million tonnes (Ngo et al 2000).

As Darwin continues to grow in population and area, it is vital that extractive resources are secured to provide low cost 
construction materials to aid this growth. A number of major construction projects in advanced planning stages will have a great 
affect on the extractive industry in the Darwin region.

The geological framework of the Darwin region hosts an assortment of extractive minerals. Therefore the geology of the 
area, both on the surface and underground, including water table characteristics, must be understood before fully assessing 
current and future deposits.

Current sand production consists of two-thirds fine sand and one-third coarse sand. The in situ fine sand resource has been 
estimated at 10 million tonnes for areas under lease. At present production levels, this resource will last for 33 years. Using 
current production of 300 000 tonnes of fine sand and projecting that figure to 500 000 tonnes in 2020, which is an increase in 
production of 10 000 tonnes per year, the total amount of fine sand needed to 2020 will be 8.4 million tonnes. Known fine sand 
resources can therefore sustain demand until at least 2020.

A new lithostratigraphic “member” of the Darwin Formation, informally named the “Howard Sand member”, identifies a 
deconsolidated clean to clayey quartz sand lens identified in drillholes, both east and west of the Howard River. These deposits 
are located underneath lateritic duricrust and variable thicknesses of claystone overburden. Moreover, most of the sand lies 
below the water table.

Coarse sand production is currently estimated at between 100 000-140 000 tonnes per year with a projected demand in 2020 
of 250 000 tonnes per year. Estimated recoverable resources of coarse sand at AN47 and the current Boral Howard Springs 
pit plus its three expansion areas total 3.4 million tonnes. Demand for coarse sand up to 2020 is estimated at 3.75-4 million 
tonnes. It is therefore anticipated that additional coarse sand resources will need to be opened up before the year 2020 to sustain 
requirements. New coarse sand deposits have been identified that will satisfy this demand.

Future coarse sand production will rely heavily on dredging operations. Economic and operational factors will define what 
proportion of total in situ coarse sand occurrences can be considered resources. Based on current operating costs, these include 
only those deposits with less than 10 m of overburden.

The resource situation for natural gravel is less clear. Some larger gravel producing areas such as Sunday Creek are being 
worked, but generally only small pockets of gravel are mined for roadbase gravel and fill material in the outer Darwin area. 
Operators rarely carry out resource estimates for roadbase gravel and fill material. It is forecast that both supply and demand 
for natural roadbase gravel will gradually decline in the medium term as the remaining resources are depleted and road build-
ing contracts specify the use of fine crushed rock only. Demand for fill material will probably increase slightly, with supplies 
being adequate.

Hard rock resources are plentiful in the outer Darwin and Mt Bundey area. Average annual production for the last 4 years 
was 644 000 tonnes. The projected demand for crushed rock in 2020 is 1.1 million tonnes (Ngo et al 2000). Based on an 
estimated increase in production of 20 000 tonnes per year, the total rock resource consumed until 2020 will be 16.3 million 
tonnes. Using calculated resource figures from existing hard rock quarries and a resource figure of 10 million tonnes for the 
Mauries and Halkitis quarries, the available resource is 34 million tonnes. Hard rock resources in the Darwin region can thus 
easily satisfy demand for the next 20 years, although the price of quarried products can be expected to rise if quarrying is shut 
down in the Yarrawonga area.

No high quality clays of economic significance were found in the Darwin area during this study. Dimension stone (Darwin 
Brown) is extracted from the Mount Goyder Syenite at Mt Bundey for interstate and overseas export. Soil production has aver-
aged 47 000 tonnes per year over the last 4 years.

Planning authorities at both the Territory and local government level may use this report to provide for supply of extractive 
resources. The overriding principle facing land use planning is that extractive minerals occur where Nature has placed them 
and not where people would like them to be. Should planning fail to take advantage of these natural resource endowments it 
will, wittingly or unwittingly, add considerably to the costs of development, construction, and indeed residential living. The 
need for governments to adequately protect long-term access to valuable extractive mineral resources during the community 
planning processes is paramount.
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INTRODUCTION

Background to the Extractives Industry

The Darwin region extractive industry has supplied raw 
materials for construction work since the late �9th century. 
Natural building materials and natural gravel for road 
construction were once plentiful, but at the start of the 2�st 
century, resources are becoming more distant to centres of 
demand. This report documents the history of extractive 
activity in the Darwin region, the geological context of 
extractive materials, current extractive operations, resource 
estimates of known deposits, and potential sources of 
extractives for the future. Extractives comprise four main 
types: fine sand, coarse sand, natural gravel and crushed rock 
aggregate. Dimension stone and soil are also produced, but 
on a smaller scale. Table 1 lists the full range of extractive 
commodities produced in the Darwin region. There are 
approximately 250 extractive mining tenements within the 
outer Darwin area, including granted leases and those under 
application (Figure 1).

A century of building and infrastructure development has 
depleted some resources of natural construction materials in 
the immediate Darwin area, and competition from other land 

uses threatens future supply of newly located but currently 
unexploited resources. Extractive materials are generally 
high volume, low cost commodities. They need to be sourced 
close to urban and industrial centres where they are used, in 
order to keep costs down, as transport expenses for longer 
hauls adds considerably to the final market price. Extractive 
minerals are the basic raw materials used in the construction 
industry and therefore must be identified, managed and 
protected for future use.

This report outlines production from current resources 
and identifies deposits that may be used to supply the 
Darwin region in the future. It was prompted by the release 
of the Northern Territory Extractive Industry Policy in �997, 
which aimed to ensure that extractive mineral resources are 
adequately managed and protected for existing and future 
use, particularly in rapidly developing areas surrounding 
centres of population. The Extractive Minerals Program 
of the Geological Survey, which commenced in �999, aims 
to document the geological features of extractive mineral 
occurrences and mining operations within the Outer Darwin 
area.

The full implementation of the Extractive Industry 
Policy is contingent upon a geological understanding 
of existing deposits, and an assessment of the resource 

Table 1. Extractive materials produced 
in the Darwin region



22

potential of these and other resources that may be 
developed in the future. With the completion of the 
geological phase of the Extractive Minerals Program 
of the Darwin region, land use policy issues can be 
addressed to strengthen the supply position of the extractive 
industry and allow it to benefit from responsible decision 
making processes.

Factors contributing to the success or viability of 
extractive mining include depth of overburden, wet and 
dry season water tables, access conditions, percentage 
of waste materials, operating costs, distance to markets 
and security of title. These must all be weighed up before 
considering whether a deposit is suitable for economic 
extraction.

Figure 1. Extractive tenements within the outer Darwin area
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This report is focussed on the extractive resources 
of the Darwin-Palmerston area and Litchfield Shire. 
It also includes the Mt Bundey area, which contains 
two operating hard rock quarries and a dimension 
stone quarry, and the Mary River area, where there are 
coarse sand extractive operations, including dredging. 
Furthermore, it provides information on currently 
disused quarries from as far south as Batchelor.

At the beginning of the Extractive Minerals Program 
in �999, it was believed that coarse construction sand 

was in short supply in the Darwin region, as only two 
operations were producing coarse sand and there were 
no other known deposits. These coarse sand resources 
are capped by laterite duricrust and clay and seemed 
to have no obvious pattern of distribution. This scarce 
situation remains with regards to surface deposits, but 
significant new buried sand deposits have been identified 
during an air-core drilling program conducted to gain 
insight into the geological setting of sand resources and 
to assess resources around existing operations.
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Figure 2. Total extractive material usage 
vs population growth in the NT, to �999 
(from Ngo et al 2000)

Table 2. Extractive mineral production for the Northern 
Territory, �967/68 to 2000/0�
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Production History

Historical reporting of extractive mineral production 
to the Department of Mines and Energy (DME) by the 
extractive industry has been incomplete and inaccurate. 
A new quarterly production report specific to the 
extractive industry has now been developed to simplify 
the recording process and this should encourage 
operators to provide returns using standard commodity 
types. This should give an accurate picture of production 
and pricing. Production figures used in this report have 
come from both extractive operators and DME statistics 
in order to generate the best estimates of past and 
present production.
Extractive mineral production relates to rises and falls 
in construction activity from year to year and does not 
relate solely to changes in population. In particular, large 
infrastructure projects cause peaks in production, whereas 
downturns in the construction industry (�999-present) result 
in troughs in the cycle (Figure 2, Table 2).

Table 3 lists extractive mineral production in the Darwin 
area since 1996, according to DME statistics. The figures 
are for Darwin only and therefore are different from the 
statistics given in Figure 2 and Table 2, which represent 
production for the whole of the Northern Territory. Crushed 
rock production figures in Table 3 are from DME statistics 
and differ somewhat from the production figures reported in 
Table 18 (Hard Rock Quarries), which come from quarry 
managers.

Legislative Framework of the Extractive Industry

The Mining Act defines extractive  mineral as soil, sand, 
gravel, clay or stone for use in the manufacture of ceramics 
or in construction, building or roadwork. There are four types 
of extractive tenure issued in the Northern Territory:

•	 A Mineral Claim (MC) is normally used for 
prospecting for minerals. It also enables exploration 
for extractive minerals, but may not be used for their 
commercial extraction. The maximum allowable area 

is �0 hectares. The term of the lease is a maximum 
�0 years and is renewable. Annual rent is $�0/hectare 
plus GST.

•	 An Extractive Mineral Permit (EMP) allows the holder 
to extract, remove, store and process extractive minerals. 
The maximum allowable area is �00 hectares and the 
term is a maximum 2 years, renewable for further periods 
of 2 years. Annual rent is $50/hectare plus GST. A native 
title compensation bond of $�0/hectare/year may also be 
payable. An EMP is suitable for production of fine sand, 
soil and gravel from shallow operations.

•	 An Extractive Mineral Lease (EML) authorises the 
holder to quarry or mine extractive minerals and to 
erect infrastructure. The maximum allowable area 
is �00 hectares with a maximum term of �0 years, 
renewable. The annual rent is $200/hectare. An EML is 
suitable for hard rock quarries, sand dredging operations 
and other large extractive operations.

•	 An Authorisation (under Section �78 of the Mining Act) 
allows the holder to explore, extract or mine extractive 
minerals as deemed appropriate by the Minister. The 
conditions of operations, term of lease and annual rent, 
are as approved by the Minister but are usually equivalent 
to an EMP or EML.

Supply and Demand

Current demand for extractives is being adequately met 
by the extractive industry. Continued ability to meet this 
demand will depend on identification of, and access to 
additional extractive resources. Estimating the future 
demand for extractive minerals involves a number of 
factors including “normal demand”, which relates to 
population and takes into account the needs for housing, 
road construction and maintenance, and infrastructure 
developments such as commercial and industrial estates. 
“Above normal demand” for major one-off developments 
such as the port, the railway and gas-related infrastructure 
must also be taken into consideration.

The average consumption of extractive minerals 
(crushed rock, gravel and sand) in the Darwin region 
over the last � years is �.� million tonnes. The projected 
demand for extractive minerals in the year 2020 is 
2.2 million tonnes, according to Ngo et al (2000), in a 
study of future demand prepared by the Office of Resource 
Development (ORD) in consultation with the NTGS and 
industry.

Between �996 and �999, the average per capita demand 
for extractive minerals in Darwin was �2.�2 tonnes per 
head of population per year (t/h/y)� . In comparison, Brisbane 
required between 9-�0 t/h/y between �986 and �9902 , 
Perth’s usage in �99� was 9.75 t/h�  and Adelaide’s usage 
in �999 was 7.7 t/h� . The higher demand for Darwin is 
probably because of its strong growth in the last decade.

� Source: DME statistics.
2 Source: Extractive Materials-Eastern Moreton Region, Department of Resource Industries, Queensland. Resource Industrie 

Review Series 1992, 8�.
� Source: Landvision �996.
� Source: Pain 200�.

Table 3. Extractive mineral production for the Darwin area, 
�996/97-�999/00
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Based on the current study, there are sufficient 
extractive resources to meet demand in the short to 
medium term, with the possible exception of natural 
gravel used for roadbase. Future production figures for 
natural gravel will see an increasing percentage of fill 
gravel and a decreasing percentage of roadbase gravel, 
even though the total figure may not change a great deal. 
Any new developments around Darwin Harbour similar 
to Tipperary Waters and Bayview Haven, which are 
developed on mangrove flats, will require large amounts 
of low quality fill. New roads in the immediate Darwin 
area that are associated with future developments should 
utilise fine crushed rock roadbase rather than natural 
gravel roadbase. The Transport and Works Department 
has stipulated that natural gravel is no longer to be used 
as roadbase north of the Arnhem Highway.

Darwin ceased production of clay bricks with the closure 
of the Norbrick Factory in �992 and all bricks and pavers 
(apart from those made from concrete) are imported from 
interstate or overseas. All clinker for Darwin cement is 
shipped from Gladstone in Queensland and gypsum is 
imported from Thailand.

Resource Terminology

In this report, some quantitative resource assessments are 
made. It is important to define the meaning of terms used 
and the constraints relating to these figures. Unlike the 
metalliferous and coal mining industries, no formal and 
rigorous code for resource and reserve reporting has been 
adopted for the extractive industry. This is because the 
extractive operators are generally private companies that 
require low levels of capital and they often proceed with 
exploration and assessment by trial mining. Nevertheless, 
a lead can be taken from the JORC Codes for metals and 
coal, which are now widely accepted, especially in the 
use of the terms resources and reserves.

For extractives, the term resources is used as per 
the JORC Code and refers to a volume or mass of rock 
that contains defined estimates of grade (or quality) of a 
beneficial component (extractive mineral), for which there 
is a reasonable expectation of economic exploitation. The 
JORC Code further divides resources into categories of 
inferred, indicated and measured, depending on the tightness 
of the geological controls and the level of confidence 
in interpolating and extrapolating continuity and grade 
(quality) between points of observations. In the context of 
extractive minerals, the points of observations are natural 
and artificial exposures, and drill intersections. In many cases, 
the points of observation are sufficiently far apart that they do 
not demonstrate geological continuity of specified resource 
bodies, even though it is reasonable to infer continuity 
due to the bedded sedimentary nature of some deposits. 
Consequently, these are referred to as inferred resources.

The JORC Code defines a reserve as that part of a resource 
from which useful minerals could be economically recovered 
according to defined economic parameters involving costs 
and revenues. None of the figures quoted in this report, even 
those provided by companies, are deemed to be reserves sensu 
stricto, and that term is not used. 

A closer analogy for extractive minerals lies with the code 
dealing with coal resources, which are also bedded deposits. 
These require estimates of in situ volume (or tonnage) and 
quality. Consequently, in this report, the term in situ resource 
means the volume or tonnage of potentially useable 
material in a defined area, for which there are sufficient points 
of observation to estimate quality, thickness and depth with 
an inferred level of confidence.

Some of these in situ resource figures, especially for 
sand, can be discounted for factors such as deleterious fines, 
oversize boulders, cemented boulders, organic matter, losses on 
beneficiation and other recovery considerations. Consequently, 
in this report, the term recoverable resource is used for that 
component of the in situ resource that contains the useable 
or saleable extractive mineral.

In using the term recoverable resource, it is recognised 
that some of the by-products and rejected material may have 
some incremental value over that of the primary extractive 
product, particularly after it has already been extracted and 
to some degree separated. There is no attempt to estimate or 
account for these incidental resources.

Where no quantifiable resource estimate is possible, the 
terms extractive mineral occurrence or deposit are used.

GEOLOGY AND PHYSIOGRAPHY OF THE 
DARWIN AREA

Summary of Geology

The geology of the outer Darwin area can be simply described 
as an ancient basement of folded and metamorphosed 
sedimentary rocks of the Pine Creek Orogen, unconformably 
overlain and partly obscured by a thin layer of flat-lying 
Cretaceous marine sandstone, siltstone, claystone and 
mudstone. The basement orogenic rocks are about 2.0 Ga in 
age and were metamorphosed in the Barramundi Orogeny 
of �885 Ma. They were covered and exhumed by various 
sedimentary events, before being exposed and sculptured by 
the Cretaceous seas in which the overlying sedimentary rocks 
were deposited about 90-�20 My ago. The accompanying Map 1 
(back pocket) shows the geology of the Outer Darwin area.

In general, the southern envelope around presently 
exposed Cretaceous rocks marks the position of the ancestral 
Cretaceous shoreline. The large embayment of Cretaceous 
rocks is part of the larger offshore Money Shoal Basin, 
which extends northwards and thickens rapidly. The subdued 
hilly hinterland to the south of Darwin is due to outcrops 
of basement containing re-entrants of Cretaceous rocks, 
whereas the flat plains around Darwin and Koolpinyah 
are mainly the physiographic expression of the flat-lying 
Cretaceous veneer.

Along with much of continental Australia, the land 
surfaces of the Darwin area were subjected to a period 
of deep chemical weathering and continental drying that 
commenced in the early Tertiary period after deposition of 
the Cretaceous strata. This weathering process produced the 
lateritic duricrust that is well developed on the Cretaceous 
plains around Darwin, and to a lesser extent on the hilly 
hinterland. These lateritised plains and hinterlands have been 
further sculptured by more recent riverine and coastal marine 
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processes to produce the erosional and depositional features 
seen today. These contemporary erosional processes etch 
through the laterite to expose the coarse Cretaceous sands 
and accumulate fine alluvial sand. It is these processes that 
have shaped the geological setting of extractive resources 
in the outer Darwin area.

In essence, hinterland basement rocks produce rock 
aggregate, leached Cretaceous sandstone beneath the 
laterite produces coarse sand, silicified Cretaceous 
claystone provides the building stone porcellanite, laterite 
produces gravel and the current drainage system produces 
fine sand.

Basement Rocks

The following sedimentary units were deposited in the 
Early Proterozoic Pine Creek Orogen. Their relationships 
are shown diagrammatically in Figure 3.

Koolpinyah Dolomite

The Koolpinyah Dolomite typically consists of dolostone, 
dolomite-mica schist, dolomitic limestone, intraclastic 
limestone, magnesite and a basal conglomerate. It occupies 
the basement area east of the Howard River, but generally 
outcrops sparsely in the Darwin area as it is covered 
by Cretaceous sediments. Dolomite at the Cretaceous 
unconformity surface is generally weathered and silicified 
to the extent that it resembles quartzite. The basement 
surface of the Koolpinyah Dolomite dips gently to the 
north.

Fresh dolomite has a fragmental character and contains 
concentrations of limonite, which give it a brownish colour. 

Some finer beds within the dolomite have concentric textures 
resembling ooids and pellets. Localised intergrowths of 
intergranular quartz are common. Exploration drilling 
indicates that basement in the Koolpinyah Station area is 
generally of silicified dolostone, but immediately to the 
east of the Howard River, there is an area of intraclastic 
limestone containing minor magnesite.

Although fresh dolomite would be suitable for crushed 
rock aggregate, there are no suitable outcrops to provide 
quarry sites. Darwin Dolomite Pty Ltd has applications 
for dolomite hard rock leases in the Darwin area. Drillhole 
EM65, which is located north of the Howard Springs 
Hunting Reserve and east of the Darwin Dolomite leases, 
intersected silicified dolomite at 13 m, well below the 
water table.

Wildman Siltstone

The Wildman Siltstone consists of folded, cleaved and 
indurated, steeply dipping laminated siltstone, shale, sandy 
siltstone and quartz sandstone. The siltstone varies in colour 
from grey, brown and purple to black. Calcite veins are present 
in black siltstone west of the Howard River.

Quartz grains make up the bulk of the Wildman Siltstone, 
although siltstone beds also contain sericite and muscovite. 
The foliation, which is oriented at a high angle to bedding, 
is produced by preferred orientation of sericite. Weathered 
siltstone contains kaolinite and smectite clays. Lamination 
within the siltstone is defined by variations in the proportions 
of iron oxides.

The Wildman Siltstone outcrops in areas south of the 
Arnhem Highway on the flanks of ridges of Acacia Gap 
Quartzite, and also occurs as low dome-shaped hills. 

Figure 3. Diagrammatic cross-section showing the relationship between Cretaceous and basement rocks
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Further north, the Wildman Siltstone is generally covered by 
Cretaceous sediments where it is encountered in drillholes. In 
the Howard River area, it overlies the Koolpinyah Dolomite. 
Wildman Siltstone rocks are not suitable for crushed rock 
aggregate or natural gravel roadbase but can provide fill 
material.

Acacia Gap Quartzite

The Acacia Gap Quartzite is exposed in north-northwest-
striking ridges in the outer Darwin area. Further south 
around Darwin River Dam and Manton Dam, there are 
east-west-striking ridges of folded quartzite. In the Milners 
Creek area, rubbly outcrops of quartzite, which are partially 
buried by Cretaceous rocks, are steeply dipping, folded and 
faulted, heavily jointed and interbedded with phyllite. The 
fine to medium quartzite is pale grey and dense. It contains 
minor white sericite and kaolinite that enclose quartz grains. 
Pyrite is common. When exposed in quarries and cuttings, 
quartzite beds are usually well jointed, 0.2-6 m in thickness 
and interbedded with up to 20% phyllitic siltstone.

The quartzite is a product of the regional metamorphism 
of a well sorted quartz sandstone, containing minor clay 
matrix. It is made up of around 95% quartz and trace amounts 
of muscovite, iron oxides, kaolinite and pore space. The 
clay matrix has been crystallised to sericite and muscovite. 
Quartz grains exhibit sub-grain suturing of individual grains 
and metamorphic welding to adjacent quartz grains. They 
range from 0.� mm to � mm, and only in a few cases is their 
original subrounded nature preserved. Detrital tourmaline, 
zircon and rutile are present in trace amounts. An overprinted 
foliation is visible in certain areas. Quartz veining is generally 
abundant. This quartzite does not produce granular sand upon 
weathering or crushing, but it is a major source of crushed 
rock aggregate in the Darwin area (Figure 4).

Burrell Creek Formation 

The Burrell Creek Formation is exposed below the 
unconformity surface in coastal cliff exposures and cuttings 

around Darwin and on the southern shores of Darwin Harbour. 
One of the best road cuttings to view the unconformity is on 
Tiger Brennan Drive near the down ramp from the Hidden 
Valley Speedway (Figure 5). Outcrops of interbedded 
arenaceous and pelitic units occur at Channel Island. South 
of the Elizabeth River Bridge, a quartz pebble conglomerate 
lens is being excavated for use as decorative stone.

The Burrell Creek Siltstone is isoclinally folded and 
has steep dips. There is a preferred orientation of sericite 
that imparts a pronounced foliation sub-parallel to bedding 
(Figure 6). Crosscutting quartz veins are common, and at 
Doctors Gully, a pegmatite vein is present. Apart from the 
use of quartz pebbles as decorative stone, the Burrell Creek 
Formation is only useful as fill material.

Intrusive rocks

Granitic batholiths of the waning phase of the Barramundi 
Orogeny intruded the basement orogenic sequences at 
�860 Ma. Most conspicuous is the Mt Bundey Syenite. This 
is a pink and brown coloured biotite-K-feldspar syenite which 
intrudes South Alligator Group sediments, some �00 km to 
the southeast of Darwin. It provides quality rock aggregate to 
the Darwin market from the Halkitis Quarry and also provides 
dimension stone from an adjacent quarry.

The Mt Bundey intrusion has a zone of hornfels around the 
margin of the intrusion. The Boral Quarry, to the west of Mt 
Bundey, is located within the hornfels zone of the Gerowrie 
Tuff. The quarried rock is a silicified tuffaceous chert.

Other granitic intrusions occur in the area north of 
Batchelor around the Manton Dam catchment area, but these 
outcrop poorly. Based on aeromagnetic patterns and mineral 
exploration drillholes, granitic intrusions are inferred to 
underlie the plains east of the mouth of the Adelaide River. 
These inferred granites provide unfavourable quarry sites, 
because of their deep cover and location beneath the water 
table.

Dolerite dykes have been intersected by drilling on 
the Shoal Bay Peninsula at a depth of �0 m, to the west of 
the Howard River. Northwest-striking dolerite dykes are 

Figure 4. Tightly folded beds of quartzite 
and phyllite in Mauries Quarry
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also inferred from magnetic data in the Howard River and 
Koolpinyah areas. Neither of these dykes are potential hard 
rock deposits.

Cretaceous Geology

The Cretaceous Bathurst Island Group (Mory �988), which 
was formerly known as the Bathurst Island Formation 
(Hughes and Senior �97�, Hughes �978), unconformably 
overlies Proterozoic basement rocks in the Darwin region. In 
the Money Shoal Basin, the group consists of the basal Darwin 
Formation, its easterly equivalent the Marligur Formation and 
the Wangarlu Formation (Mory �988), which conformably 
overlies the Darwin Formation. The facies relationships 
between the Darwin and Marligur Formations are unclear.

The Cretaceous rocks are mostly flat-lying or dip gently 
in places that may be accommodations over basement 
irregularities, or drapes over faults that cut the unconformity. 
They consist of claystone, sandy claystone, glauconitic 

sandstone and siltstone, unconsolidated sand, siltstone and 
conglomerate. This sequence was deposited in shallow 
marine, lacustrine and near-shore fluviatile environments. 
Offshore, the Bathurst Island Group ranges in age from Aptian 
to Cenomanian (��2-9� Ma) and there are no indications of 
any breaks in deposition (Hughes �978).

Cretaceous sediments in the Darwin area form an upward-
fining shelf sequence of basal conglomerate, overlain by 
sands and then claystone and mudstone. On Bathurst and 
Melville Islands, the Darwin Formation extends below two 
other units, the 2000 m thick Wangarlu Formation and the 
overlying �00 m thick Mookinu Sandstone (Mory �988). 
Only at Gunn Point is the Wangarlu Formation present on 
the mainland. Hughes (�978) suggested that this unit was 
laid down during northward regression of the Cretaceous sea 
and that the Mookinu Sandstone is deltaic with a sediment 
provenance to the northwest.

Cretaceous sediments extend southward as a thin veneer 
to hinterland outcrops of the Acacia Gap Quartzite and 

Figure 6. Steeply dipping foliated siltstone 
and quartz veining of Burrell Creek 
Formation exposed in a cutting near the 
Trams at Stokes Hill

Figure 5. Unconformity surface exposed 
on Tiger Brennan Drive showing con-
glomerate of Burrell Creek Formation 
and overlying Cretaceous sandstone and 
claystone. Note that quartz veins cut off at 
the unconformity
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Burrell Creek Formation. This boundary probably represents 
the shoreline of the Cretaceous sea. Offshore shallow water 
Cretaceous sediments would have been similar to those 
currently being deposited in nearshore environments off the 
Top End coast.

Darwin Formation

The Darwin Formation is the basal unit of the Bathurst Island 
Group and unconformably overlies Proterozoic basement 
rocks. It is comprised of claystone, sandy claystone, partially 
lithified clayey sandstone, clean sandstone, glauconitic 
sandstone and a basal conglomerate. In the Darwin area, it 
is capped by a lateritic duricrust. The maximum thickness 
is 6� m, as recorded in drillholes EM �8 and �9, to the 
north of Girraween Road. Palynological and foraminiferal 
assemblages indicate an Early Cretaceous age (Mory �988). 
The Darwin Formation was deposited during an early 
Cretaceous marine transgression.

The basal polymictic conglomerate, which is visible in 
cliff exposures around Darwin, lies on the unconformity 
surface and ranges in thickness from 0.� m to � m. It contains 
a range of pebbles and boulders which are rounded to 
subangular. It seems only to be present where it overlies the 
Burrell Creek Formation, and is not seen in the Koolpinyah 
and Howard Springs areas, where the Wildman Siltstone and 
Koolpinyah Dolomite underlie the formation.

At Howard Springs, the basement is 25 m below the 
ground surface. North of Korebum Lagoon, the basement 
is �5 m deep and further north at around EM8� and EM87, 
the basement is �0-�5 m deep. At the tip of Gunn Point, the 
basement is around �00 m below the ground surface and 
this highlights the gentle northerly dip of the pre-Cretaceous 
unconformity.

Air-core drilling and water bores have intersected angular 
vein quartz and chert fragments embedded in brown clay at 
the unconformity overlying the dolomite basement in the 
Howard River area. The quartz is milky in colour, whereas 
the chert is orange-brown. This unit is the equivalent of 
the basal conglomerate that is present around Darwin to 
the northwest. The gravel horizon is either an old scree-
regolith surface or a colluvial deposit on top of the basement. 
Alternatively, it could have been formed from quartz veins 
terminating at the unconformity. Quartz veins have been 
encountered in the Boral sand pit at Howard Springs, where 
they probably represent “fences” of quartz veins on the 
unconformity.

South of Gunn Point Prison Reserve, drillholes 
have intersected green glauconitic quartz sand on the 
unconformity surface. This is overlain by green-black 
glauconitic sandstone, which grades upward into glauconitic, 
black clayey siltstone. The glauconitic sandstone is 
equivalent to fine glauconitic sandstone exposed around 
cliff faces in Darwin just above the unconformity. In these 
cliffs, the glauconite is not clearly as evident, probably due 
to weathering. The black, glauconitic clayey siltstone is 
fossil-rich, and this indicates deposition during a period of 
low sedimentation more favourable to marine faunas.

A new lithostratigraphic “member” of the Darwin 
Formation informally named the “Howard Sand member” 
identifies the deconsolidated clean to clayey quartz 

sandstone lens identified in drillholes, both to the east 
and west of the Howard River. The Howard Sand lens 
occurs stratigraphically above quartz vein scree on the 
unconformity and below claystone beds of the Darwin 
Formation near the surface. The Howard Sand member is 
discussed further in later chapters.

Trace-fossil beds occur at Nightcliff Beach, Casuarina 
and Fannie Bay and contain burrow marks that are 
orientated obliquely to bedding (Figure 7). Ammonites are 
also found in the Koolpinyah porcellanite pit on Shoal Bay 
Peninsula Road. The bioturbated beds are up to � m thick 
in cliff exposures and contain a disorderly array of fossil 
trails of various sizes and orientations. They lie above the 
unconformable contact with the Burrell Creek Formation. 
Interbedded with bioturbated beds at Nightcliff Beach, are 
four phosphorite nodule horizons, although most of the 
actual nodules have been leached out.

In the Darwin area, the bioturbated interval containing 
phosphatic horizons is exposed in coastal cliffs from Fannie 
Bay to Dripstone Caves and generally forms an undulating 
wave-cut platform, which is 6-7 m below the ferruginous zone 
of the laterite profile. Because of lateritisation, the original 
texture has to be interpreted from fresh core obtained from 
drillhole Gunn Point DDH �. The unlateritised phosphate 
horizons in the drillhole are similar to those exposed around 
Darwin. In addition to tube and nodule beds, there are a 
number of very hard, high-grade phosphorite nodules within 
the normal claystone. These nodules are brown on the outside 
and grade into a grey centre. Analysis of a nodule from East 
Point yielded ��% P2O5 (G Wilraith, East Point Laboratories, 
Mines Branch, Darwin). Several nodules from Rapid Creek 
beach were assayed by the Shapiro test (Shapiro �952) and 
shown to contain �5% P2O5. The lower phosphate content 
of these nodules compared with those in beach rock at Lee 
Point (20%-�2% P2O5) may be due to a facies change during 
sedimentation, or to leaching during lateritisation (Kemezys 
�968). Although changes in colour and mineralogy may be 
attributed to lateritisation, disintegration and dissolution of 
the nodules is most probably an effect of leaching by acid 
groundwater, which is usually less than pH5 within the 
Cretaceous rocks around Darwin.

Rarely does deep weathering associated with lateritisation 
extend below the bioturbated interval. Bullocky, Myilly 
and Emery Points are capped by a well indurated silicified 
layer, up to �.5 m thick (Nott �99�). Bedding planes are not 
easily discernible in Darwin sections, but at several outcrops, 
persistent bands with belemnite casts provide marker 
horizons. These beds indicate a gentle northerly dip into the 
Money Shoal Basin (Skwarko �966).

The Darwin Member varies lithologically from east to 
west and from north to south and is not always fine-grained, as 
suggested by Hughes (�978). A typical section from Darwin 
(Section 1 in Figure 8) consists of basal conglomerate, 
overlain by fine glauconitic sandstone, overlain by claystone, 
which is variably silicified and ferruginised and which 
contains tube beds and phosphorite nodule beds. A typical 
section from the western side of the Howard River (Section 2 
in Figure 8) contains basement siltstone, unconformably 
overlain by deconsolidated medium-coarse sand of the 
Howard Sand member, overlain by silicified claystone 
containing ammonites. A typical section from east of the 
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Howard River (Section 3 in Figure 8) consists of a basal 
interval of quartz and chert fragments in brown clay above 
the unconformity with the Koolpinyah Dolomite, overlain 
by the medium-coarse Howard Sand member, overlain by 
claystone and sandy claystone. (Section 4 in Figure 8) 
from Gunn Point contains basement carbonate overlain by 
glauconitic green sandstone and deconsolidated sandstone. 
The glauconitic sandstone is overlain by black glauconitic 

clayey siltstone that grades upward into fresh dark grey 
claystone and weathered light grey claystone of the Wangarlu 
Formation.

Wangarlu Formation

The Wangarlu Formation (Mory �988) formerly the Wangarlu 
Mudstone Member (Hughes and Senior �97�, Hughes �978) 

Figure 7. Trace fossil bed overlying 
phosphorite nodule bed at Nightcliff Beach. 
These interbeds are found within claystone 
facies of the Darwin Formation

Figure 8. Sections of Cretaceous sediments unconformably overlying basement rocks in the Darwin area, from west to east
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conformably overlies the Darwin Formation in the Gunn 
Point-Shoal Bay area. The contact between the two formations 
is gradational over �-� m.

In the Gunn Point area, the upper weathered profile 
is typically white to light grey in colour and contains 
iron-stained joints and mottles. The lower unweathered 
section is typically grey in colour. NTGS drilling during 
2000 to the east of Shoal Bay identified the weathered 
section down to 20 m. Lau (�97�) described a visibly 
weathered section in drillholes further to the north, down 
to �0 m. This suggests that the depth of weathering 
increases northward as the thickness of the Cretaceous 
basin increases.

The leached and weathered upper profile is typically 
a kaolinitic claystone produced by weathering of 
montmorillonite (Rix �96�, McMeekin �968, Lau �97�). 
Kaolinite has lower silica and higher alumina than 
montmorillonite.

The presence of glauconite, radiolaria, belemnite beds 
(tube rock) and phosphorite nodules indicates slow rates of 
marine sedimentation during deposition of the Wangarlu 
and Darwin Formations (Figures 7, 8, 9).

Chemical analyses of five clay samples from Gunn 
Point show SiO2 in the range of 5�-58% and Al2O� between 

2�-28%. Unweathered clay minerals below �7 m are 
typically grey in colour and contain a high proportion of 
the swelling clay montmorillonite in both the bulk material 
and minus 2 micron fraction (Ware �97�, in Lau �97�).

Laterite

Regolith in the Darwin area is dominated by a deep 
weathering profile with a capping of lateritic duricrust. 
The weathering profile varies depending on the underlying 
geology and does not always comply with the “model” 
lateritic profile of a surface lateritic horizon (duricrust), 
underlain by a mottled zone that in turn overlies a leached 
pallid zone, saprolite zone and bedrock. Lateritic profiles 
and ferricretes in the Outer Darwin area have formed on 
both Cretaceous and Proterozoic landforms and at various 
heights above sea level. Although there was probably 
a main period of lateritisation in the early Tertiary, the 
process is dynamic. Ferricrete has impregnated into 
claystone, clayey sandstone, siltstone, early colluvial 
material and even on scree slopes of Acacia Gap Quartzite 
(Figure 10).

The lateritic plain around Darwin is expressed as yellow-
light blue colours on the digital elevation model (Figure 11). 

Figure 9. Diagram showing relationship between Darwin and Wangarlu Formations. The boundary is not well defined and is presumed to 
be gradational
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At the surface, it generally contains lateritic gravel and red soil 
that in places contains cemented ferricretes. These ferricretes 
are generally, but not always exposed at breaks in slope and 
are thought to have been formed, or modified by iron-rich 
groundwaters that precipitated iron when discharging at 
these points.

The laterite duricrust in the immediate Darwin area 
seems to be simply the ferruginised upper zone of Cretaceous 
sediments (Figure 12). The pallid zone is slightly weathered 
and ferruginised, whereas the mottled zone is moderately 
weathered, frequently has a honeycomb appearance and 
possesses partially developed solution cavities. The upper 
ferruginous zone is a vermiform, platy, cemented hardpan 
that is enriched in iron and has well-developed solution 
cavities. The lateritisation process has culminated in continued 
dehydration of the duricrust, resulting in goethite turning to 
hematite, which in places has turned to maghemite. Weathered 
disaggregated duricrust occurs in red soils above the hardpan 
as lateritic “pea gravel” in either pisolitic or nodular form.

In some areas, lateritic duricrust on Cretaceous sediments 
has subsequently been etched and eroded by Quaternary 
processes (Figure 13). In other areas, recent drainage 
channels and mangrove swamps have deposited sediment 
over duricrust without etching it. Many drainage channels and 
swamps around Darwin may have �-2 m of alluvial cover on 
top of the intact duricrust.

The age of the laterite is poorly constrained, although 
palaeomagnetic dating of a laterite from Nightcliff has 
given an age of about 25 million years (Ollier and Pain 
�996). There is also evidence that ferruginisation continues 
to the present day. To gain a better understanding on the 
process of lateritisation and determine if it is episodic or 
continuous requires the dating of a range of ferricrete samples 
developed on various rock types (Quaternary, Cretaceous and 
Proterozoic) at various elevations.

Secondary ferruginisation of the hardened mottled zone 
occurs where erosion, extractive activity, or road cuttings 
have removed the original duricrust. The mottled clay zone 
hardens and darkens upon exposure to the atmosphere to form 

a hardpan due to the precipitation of ferric hydroxides and 
possibly some manganese oxides. Secondary ferruginisation 
does not produce indurated and well developed solution 
cavities as does older lateritic duricrust. This secondary 
process is most evident where it cements previously weathered 
rocks in creek beds and drains.

Relationships between Cretaceous stratigraphy and the 
nature of deep weathering in the Darwin region reveal that 
the lateritised surfaces are lithologically controlled rather 
than structurally controlled (Nott �99�). Bioturbated and 
phosphorite nodule-rich intervals and other near-surface 
Cretaceous beds are extremely silicified. This limits the depth 
of weathering as is obvious in Figure 14 from Casuarina 
Beach. The depth of lateritic weathering over Cretaceous 
rocks varies as the bioturbated interval undulates. Drilling 
shows that the depth of lateritisation is generally limited 
to a few metres before fresher Cretaceous claystone is 
encountered.

Lateritic duricrust contains a network of connected 
solution tubes, which acts as an aquifer, facilitating surface 
and groundwater movements. This explains why drill core 
through the laterite is always moist within a metre or two of the 
surface. Solution tubes may have originally been radiolarian 
tests that have been leached out by acid groundwaters. This 
mode of tube formation may explain the cavity network 
on lateritised Cretaceous rocks, but it does not explain the 
formation of cavities in lateritised basement siltstone and 
quartzite. Alternatively, solution tubes may have originally 
been rootlets or networks of worm burrows. However, the 
latter explanation is deemed unlikely, as burrows would 
probably not have survived over time. Ollier and Paine (�996) 
dismissed the interpretation of tubes as root channels, and 
suggested that the “vesicular” pattern is due to shrinkage 
and agglomeration of the laterite profile from repeated 
wetting and drying, along with continuous dissolution 
and re-cementation. This process is evident in ferricretes 
around Darwin, but certain ferricrete fabrics do not reflect 
this. Another hypotheses for the formation of solution tubes 
may be silica karstification after biological activity such as 

Figure 10. Ferricrete bench formed on scree slopes of Acacia Gap Quartzite east of Redcliffe Road. Note quartzite pebbles and boulders 
cemented into the ferricrete
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bioturbation by termites. Further study of these textures is 
being undertaken by a joint NTGS-ANU project.

Certain horizontal, vermiform platy fabrics are visible in 
many exposures around Darwin but do not reflect the bedding 
of the parent rock. This fabric is possibly due to the effects of 
groundwater. Possible basement lineaments can be seen in a 
ferricrete outcrop north of Townend Road, where northwest-
striking lineaments trend parallel to the strike of extrapolated 
bedding in the basement.

Laterite gravel usually occurs in pisolitic or nodular forms, 
and is composed of goethite, hematite and maghemite in 
concentric microlayers around a nucleus of quartz and clay 
grains. These pisolites and nodules have weathered away from 
the original duricrust and have not yet been recemented into 
ferricrete. Transported pisolites and nodules may be reworked 

downslope and mixed with clay, silt and sand to form 
secondary natural gravel deposits, or if groundwater is present, 
may even be recemented into a secondary ferricrete.

Quaternary sediments

Colluvial sediments

Colluvial sediments in the Darwin area are associated with 
weathered and transported, lateritic red and yellow soils on the 
gentle slopes and plains, as well as sands and loams leading 
into drainage channels. Near floodplains, eroded silt, sand 
and gravel from the degrading laterite plain deposit near the 
break of slope. Colluvium also deposits on plains fringing 
basement quartzite and siltstone ridges, south of the Arnhem 

Figure 11. Digital Elevation Model of the Darwin area. Blue areas represent floodplains and mangrove swamps. Green and yellow areas are 
lateritic plains and red areas are elevated ridges
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Figure 12. Laterite impregnated in Darwin 
Formation Claystone on Tiger Brennan 
Drive. Note karstic weathering features 
protruding down into claystone

Figure 13. Ferricrete outcrop etched by 
small creek. The creek can be traced up to 
a nick point

Figure 14. Cretaceous phosphorite nodule 
bed limiting depth of lateritic weathering at 
Casuarina Beach



���� �5

Highway. These pisolitic colluvial sediments provide a ready 
source of free-scraping pea gravel.

Colluvium is thinly distributed over the degraded plains 
of Litchfield Shire. It is expressed as yellow-green areas on 
the digital elevation model and is generally less than �0 m 
above sea level (Figure 11). Alluvium and colluvium are 
in places ferricreted, particularly on certain scree slopes 
on quartzite ridges and at breaks in slope fringing swamps 
and creeks.

Alluvial and coastal sediments

Alluvial and coastal sediments in the Darwin area generally 
consist of alluvial sand and silt, sand in coastal ridges, marine 
mud, and clay. Coastal alluvium is generally distributed up 
to the limit of high tide. Mudflats and black soil floodplains 
exist between the coastal alluvium and the edge of the laterite 
or colluvial plateau. None of this coastal material has any 
extractive value.

Quaternary sediments are generally found in topographic 
areas less than �0 m above sea level, and are represented by 
blue on the digital elevation model (Figure 11). Alluvium 
in shallow drainage channels has been eroded from upland 
areas and older ridges in the catchment areas. These deposits 
generally contain extractable veneers of fine sand.

Considerable quantities of alluvium accumulate in the 
lower estuarine reaches of major river systems, such as 
the Howard, Adelaide and Mary Rivers. Because of the 
winnowing effect of strong tides, these riverine deposits have 
potential to produce sandbars and shoals in the estuarine and 
near coastal environment. Such deposits are considered later 
in this report.

Physiography

General Features

The major physiographic features of the Darwin and outer 
Darwin areas are the coastal plains, the lateritised Cretaceous 
plateau, the Koolpinyah plain and the hinterlands of Acacia 
Gap quartzite. Freshwater springs, intermittent and perennial 
streams, and inland lagoons form a complex drainage system. 
The Adelaide River floodplain bounds the outer Darwin area 
to the east.

The Darwin and outer Darwin areas are generally flat 
(less than �0 m ASL), apart from the rocky hinterland 
of Acacia Gap Quartzite south of the Arnhem Highway 
and siltstone ridges south of Darwin Harbour. The digital 
elevation model in Figure 11 shows a well pronounced 
Cretaceous plateau, which is less obvious on the ground 
because of more recent etching. The coastal plains consist 
of tidal mudflats, mangrove swamps and chenier ridges that 
fringe the current coastline.

The Cretaceous plateau is most evident at Gunn Point, 
where cliffs rise up from Shoal Bay to the lateritised plateau, 
which then extends south over the Koolpinyah plain. The 
plateau and plains are gently etched by shallow wet-season 
drainage channels that carry fine eroded sediment from upland 
areas. Paperbark swamps and springs are also frequent over 
plains. These are waterlogged during the wet season and are 
the source of intermittent streams.

Lagoons and Karstic Depressions

Discrete circular bodies that are similar in appearance to 
sinkholes are common on the plateau. These features have 
duricrusted fringes and are generally underlain by carbonate. 
Thevissen (�978) and others have compared them to karstic 
structures related to the dissolution of basement dolomite. As 
the water table discharges at springs around the edges of the 
depressions, iron is precipitated, causing the cementation of 
laterite gravel into ferricrete.

McFarlane et al (�995) asserted that the distribution of 
dolomite did not reflect the occurrence of depressions and 
proposed an alternative hypothesis based on volume changes 
related to the development of laterite. The hypothesis involved 
differential leaching by penetration along minor structural 
features, which acted as preferred pathways for infiltrating 
water. These structural features include the zone boundary 
between saprolite and laterite and in particular, the karstified 
lobes of laterite which protrude downwards into saprolite. 
Preferential lateral pathways are indicated by apparently 
discrete bodies of laterite within saprolite and there is thus 
a proposed diachronous volume-reduction mechanism 
operating within lateritised Cretaceous sediments. McFarlane 
et al believed that this provided a mechanism for the formation 
of depressions.

Drilling programs related to this study show that the 
carbonate basement is more widespread than McFarlane et al 
(�995) believed. Certain siltstones, which were interpreted as 
Proterozoic basement, are in fact Cretaceous and are underlain 
by the Koolpinyah Dolomite. This gives further credence to 
the collapse hypothesis. It is also probable that preferential 
leaching and weathering in the Darwin area is lithological 
rather than structurally controlled.

Current work shows that the distribution of depressions 
does in fact reflect the distribution of dolomite. The 
unconformity between Cretaceous cover and Proterozoic 
basement is often marked by chert and vein-quartz breccia, 
and by conglomerate and this probably represents a relict 
pre-Cretaceous land surface (regolith). Meteoric waters 
percolating down through the sandy Cretaceous sediments 
would flow along the old regolith surface until reaching 
fractures or zones where dolomite is not silicified. At these 
points, water would dissolve dolomite to form caverns, 
which provide ideal underground reservoirs. In places 
where dolomite is close to the land surface (highs on the old 
Cretaceous land surface), the solution process may result 
in cavern collapse and the formation of depressions on the 
current land surface. Partial infilling of the collapse structure 
with impermeable clays traps both ground water and rain 
water and this produces the various freshwater lagoons that 
are common around Darwin (Figures 15, 16).

Lagoons are generally discrete bodies during the dry 
season, but they link up along ill-defined drainage channels 
during wet season flooding.

Hydrogeology

Watertables

The water table in the outer Darwin area typically rises to 
within 2 m of the ground surface during the wet season and 
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drops to between 8 m and �0 m below the surface during 
the dry season. Jolly (1983) identified three aquifers: the 
laterite profile of the Cretaceous sediments; brown sandstone 
above the basal conglomeratic unit of the Darwin Member; 
and weathered Koolpinyah Dolomite in the basement. The 
main supply aquifer is the weathered top of the Koolpinyah 
Dolomite, because of its high hydraulic conductivity, even 
though it has a low specific yield. The clean unconsolidated 
Howard Sand member, which is identified in many drillholes 
in the Howard Springs-Koolpinyah area, sits either directly 
on, or within a few metres of the carbonate basement. This 
sandy horizon generally has a low clay content and allows 
the free flow of groundwater. It correlates with the fine 
glauconitic sandstone unit that Jolly (�98�) described as the 
second aquifer.

Recharge through the laterite profile is primarily via 
solution tubes, which enable recharge water to reach the lower 

aquifers with little or no purification (Jolly 1983). The hydraulic 
behaviour of the unconfined laterite aquifer ultimately controls 
the recharge potential of the combined system, and minimises 
evaporation and transpiration losses (Radke et al �998). 
Drillholes through the laterite profile into Cretaceous strata 
always show moisture within the first metre or two; this proves 
the existence of a near surface aquifer within the laterite and 
indicates the presence of a perched watertable.

Potentiometric data indicate that water movement through 
the Cretaceous sandy claystone is faster than expected. This 
is probably because the water is moving through the Howard 
Sand member rather than through sandy claystone. Drilling 
in this area has shown the Howard Sandstone member to be 
almost totally deconsolidated and low in clay, and this would 
explain the relatively fast water movement throughout the 
aquifer. Leakage from this aquifer into the underlying dolomite 
could potentially also be a lot larger than anticipated.

Figure 15. Little Limul Limul Lagoon near Koolpinyah Station. Note ferricrete outcrop around edges of lagoon. This lagoon is a discrete 
body during the dry season but links up to Big Limul Limul Lagoon during the wet

Figure 16. Sink holes within Korebum 
Lagoon, which is itself a large sink hole. 
Korebum lagoon is located west of Gunn 
Point Road



�6�6 �7

Potentiometric surface contours within Cretaceous 
strata are a subdued reflection of the topography. Thus 
in the uplands, which reach an altitude of 25 m ASL, the 
potentiometric surface shelves gently downslope toward 
discharge points adjacent to rivers and the coastline, and the 
depth to the watertable progressively reduces.

These shallow watertables are a severe constraint on 
extractive pit operations and it can be generally stated that the 
vast majority of coarse sand resources lie below the watertable. 
This requires that the coarse sand extractive industry will have 
to progressively move to dredging operations in the future.

Water Quality

Darwin rural area groundwater is of excellent quality 
chemically, in all of the Howard River, Adelaide River 
and Berry Creek-Darwin River catchments. All ionic 
concentrations (except iron) and nutrient levels are well below 
NHMRC guidelines, and many trace elements are below 
detection limits (Radke et al �998).

NHMRC (�996) recommended that the pH of drinking 
water should be between 6.5 and 8.5 on the basis of the need 
to reduce corrosion. Groundwater in weathered dolomite 
provides acceptable pH levels of between 7.6 and 7.8. 
Groundwater from the Cretaceous sediments in recharge areas 
is usually acidic (<5). Total dissolved salts (TDS) in Darwin 
groundwater are very low, with an average of ��0 mg/L 
(Radke et al �998).

COARSE SAND

Geology of Coarse Sand Deposits

The sand facies of the Darwin Formation is here informally 
named the Howard Sand member. It was deposited during 
the Cretaceous (90 Ma) in shallow water, offshore marine 
bars and at river mouths similar to those seen today in 
Darwin Harbour and Shoal Bay. The Cretaceous coastline 
was further to the south than it is today and abutted a 
hinterland of Acacia Gap quartzite ridges and Burrell Creek 
Formation. Individual sand grains within the member are 
single-crystals, �-5 mm in diameter and are largely devoid 
of defects; this indicates that they were derived from post-
tectonic granite source rocks similar to those around Pine 
Creek, rather than from the Acacia Gap Quartzite.

The Howard Sand member occurs stratigraphically 
above the fragmental quartz regolith on the unconformity 
and below claystone beds of the Darwin Formation near 
the surface. It is mostly deconsolidated, subrounded 
and medium-coarse. The deconsolidated sand body is 
equivalent to glauconitic green sand that occurs further to 
the north in the Gunn Point area and is also equivalent to 
fine glauconitic sandstone that is exposed in cliffs along the 
Darwin foreshore.

Pebbles of quartzite and vein quartz fragments are 
common and are either scattered within the sand or occur 
within �-2 m thick pebbly horizons. Quartz veins have 

been encountered within the Boral dredge pond at Howard 
Springs. They are thought to be remnant quartz veins 
from the basement, over which the Cretaceous strata were 
deposited. The sandstone presumably was once cemented 
by argillaceous material, but much of this has been leached 
out to produce deconsolidated running sand that carries 
residual amounts of argillaceous intergranular material. 
Despite this leaching, cemented zones are frequently 
encountered and include manganese-, limonite- and silica-
cemented material. It is uncertain whether these are residual 
materials that escaped the leaching process, or whether they 
are recemented zones. Some of the manganese-cemented 
material forms walls or partitions in clayey sand above the 
cleaner running sand and seems to follow joints.

Air-core drilling in the Howard Springs and Koolpinyah 
areas has outlined large buried deposits of clay-matrix quartz 
sandstone of the Howard Sand member. These deposits have 
been leached to produce subrounded, mature, medium to 
coarse sand. The western margin of the member abuts the 
eastern side of an elevated strike ridge of Acacia Gap Quartzite. 
This strike ridge trends northwestward from Noonamah to 
Yarrawonga and is interpreted as a Cretaceous “peninsula” 
(Figures 17-21). To the northeast, the Howard Sand member 
thins and dives beneath clayey black siltstone facies of the 
Darwin Formation. To the south, towards quartzite ridges of 
the former Cretaceous coastline, it becomes less well defined 
and generally contains more clay; sediments to the south of 
Black Jungle Conservation Reserve are generally clay-rich 
and have only occasional sand lenses.

The sand body that constitutes the Howard Sand member5  
varies in thickness and depth below the surface, but is 
generally at shallower levels in topographically lower areas, 
especially on the eastern and western sides of the Howard 
River. Both current and potential new sand deposits are 
generally located within a 2 km-wide corridor on either side 
of the river and are 0-�5 m below the current topographic 
surface. The low-lying swamp of Scrubby Creek North also 
has sand relatively close to the surface. The Howard Sand 
member generally sits directly on, or within a few metres 
of the unconformity surface, which slopes to the north. 
Hence, the depth of overburden generally increases to the 
northeast as the overlying claystone increases in thickness 
and the sand body begins to dip below black siltstone of 
the Darwin Formation. In the vicinity of the abandoned 
prison farm at Gunn Point, the Wangarlu Mudstone overlies 
black siltstone, which overlies the sand body at depths 
approaching 50-60 m.

The Howard Sand member is thin (�-7 m) near the 
shoreline of the Cretaceous “peninsula”, but thickens to 
�� m on the western side of the Howard River and is at its 
thickest (26 m) in drillhole EM70 on the eastern side of the 
river. This abnormally thick interval of sand may have been 
deposited in a sinkhole or an incised palaeochannel within the 
basement, as depth to basement is significantly deeper there 
than in surrounding holes. Northward of Koolpinyah Station 
Homestead and toward the Gunn Point prison farm, the sand 
body thins to 2-� m as depth increases. The unconsolidated 

5 Referred to as Class � in drill logs



�8�8

sand lens in this area is overlain by dark green-black 
glauconitic sandstone and lies directly on basement, whereas 
in the Howard River area, the unconformity surface is 
overlain by an old regolith surface consisting of vein quartz 
and chert fragments embedded in clay.

The dimensions of the Howard Sand member can be 
visualised by various isopachs and structure contours in 
Figures 17-20. Areas where the sand body is absent or where 
there are significant lateral facies changes to sandy clay are 
marked on the figures. Figure 17 shows overburden thickness 
above the sand body. This is least along the Howard River and 
its associated floodplain and increases to the northeast.

Figure 18 shows structure contours of the top of the sand 
body. These represent depth below relative sea level (RSL).

Figure 19 shows depth to the bottom of the sand body, 
relative to sea level. Note that because the Howard Sand 
member does not sit directly on basement, its base does not 
correlate precisely with the basement structure contours in 
Figure 21. Figure 20 is an isopach map, which shows the 
thickness of the sand body. Although the contours represent 
general trends in the geology, spot depths show anomalous 
figures that are due to the highly irregular nature of the 
Proterozoic land surface. Figure 21 is a structure contour map 
showing depth to basement in the Koolpinyah and Howard 
Springs areas. Some spot depths on this map do not fit the 
overall basement trend and it is inferred that these represent 
sinkholes.

Drilling east of the Howard River has indicated the 
presence of substantial deposits of construction sand with 
varying amounts of overburden. Some of this sand may be 
readily extracted by current excavation and dredging methods, 
but other sand resources may be too deeply buried to be 
extracted by conventional methods.

For more detailed information, refer to downhole sections 
(see Potential  Sand  Deposits) for potential coarse sand 
deposits that show the depth and dimensions of the sand 
lens at each location. The clay content and grain size of each 
deposit is also tabulated (Doyle 200�).

Air-core Drilling Project

An air-core drilling program was conducted as part of this 
project, principally to identify new deposits of medium 
to coarse construction sand at shallow depths and to gain 
a better understanding of the geological configuration of 
Cretaceous sand lenses in the Darwin area. A secondary aim 
was to identify new clay deposits. In September 2000, a total 
of �200 m was drilled in 89 vertical drillholes (EM�-89) at 
an average of �6 m per drillhole, using the Wallis reverse 
circulation air-core technique (Map 1). The drilling was 
widely spaced and of a reconnaissance nature, and in most 
cases cannot be used for resource estimation. However, the 
reconnaissance holes do provide a good basis for assessing 
resource potential and for guiding further drilling. A number 

Figure 17. Overburden thickness isopachs showing least overburden above Howard Sand member along the Howard River. Overburden 
thickness increases to the northeast
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of holes were drilled adjacent to existing sand deposits in 
order to enhance resource estimates of known sand deposits 
remaining on those leases. A further 8 holes were drilled by 
Boral around their current dredge pond. These drillholes are 
discussed in the section Coarse Sand Operations.

Air-core drilling (Figure 22) is fast, relatively cheap and 
gives a good representative sample (Figures 23, 24, 25). In 
some instances, it can produce coherent cores of partially 
consolidated material. Small splits were sampled at every 
metre, and bulk samples were taken of visually identifiable 
medium-coarse sand intervals. A total of 195 five-kilogram 
bulk samples were tested for particle size distribution (PSD) 
by Douglas Partners (Appendix 2). All one-metre sample 
splits for the 89 holes are kept at the DME Core Store in 
Winnellie, Darwin.

Prior to the drilling program, a large proportion of the 
5500 water bores in the Darwin area were re-logged to provide 
guides to identifying buried sand deposits. This information, 
along with field investigations of known sand occurrences, 
was used to determine drill sites. Most of the water bores 
were re-logged by reviewing drillers logs provided by Water 
Resources (DLPE), in the context of known lithological 
sequences and surface geological maps.

The hole number, AMG grid co-ordinates, total depth, 
lithological description and interval were recorded for each 
hole. All holes were vertical. The information was used to model 
subsurface lithofacies and gain some idea of the stratigraphic 

distribution of coarse sand and clay horizons. Downhole 
sections are presented for seven potential sand deposits and 
two existing deposits later in the report (Appendix 1).

Seven new areas have been identified as occurrences of 
coarse sand (see Potential  Sand Deposits), although some 
of these may be environmentally sensitive. New resource 
figures for the two sand operations have also been defined 
from drillholes adjacent to these deposits.

Coarse Sand Operations

Boral Sand Pit, Howard Springs

Table 4 gives details of current extraction operations at the 
Boral Sand Pit at Howard Springs. Raw material is dredged 
from the pit (Figure 26) and pumped on site to double-deck 
screens fitted with water jets that wash out the clay fines and 
screen off the coarse fraction. The material is then further de-
slimed through cyclones, before being stockpiled (Figure 27). 
A second dredge is currently operating in the tailings dam 
to retrieve fine sand, which is also trucked in from scrapes 
offsite. This fine sand material is then washed and screened 
for use as concrete aggregate, which requires a silt and clay 
content of generally less than 6%.

The Boral sand deposit was previously drilled by NTGS 
in �975. Diamond drillhole G� passed through clayey 
sandstone and quartz sand to a depth of �2.6 m, before 

Figure 18. Structure contours showing depth to top of Howard Sand member below RSL. Contours show sand was deposited at a higher sea 
level toward the Cretaceous Peninsula
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intersecting the underlying Koolpinyah Dolomite. NTGS 
air-core holes drilled in 2000 in the vicinity of the current 
pit also intersected dolomite basement at depths of 20-28 m. 
Wildman Siltstone occurs to the northwest of the pit on the 
eastern bank of the Howard River at EM�5.

Quartz sand within the Boral pit is generally medium 
to coarse and subrounded. Angular vein quartz fragments, 
which are found in drill core from G�, come from basement 
quartz veins within the deposit. There are at least two quartz 
veins within the current pit, one of which is 2 cm in width. 
The orientation of the veins is not known.

The current sand pit at Boral Howard Springs (Figure 28) 
has been dredged to 20-25 m below the surface. There are 
still substantial resources to be accessed by expanding the 
current pit. Boral drilled six holes (BDH �-6) around the 
western and northern sides of the current dredge pit and 
NTGS drilled another scout hole south of the pit. BDH 7 
and 8 were drilled on either side of an excavated dry sand 
pit to the north of the current operations (see Figure 28). 
The average overburden thickness in the drilled area is 7 m 
and the sand unit averages �6.� m. The clay content for all 
holes was estimated at 20%, as particle size distribution 
tests were not conducted on samples from these holes. 
Based on information from down-hole sections (Figure 29), 
three areas have been identified for potential expansion of 
the dredge pond. The areas are located on freehold land 
owned by Boral Resources and this should enable expanded 
operations in future years. An evaluation of this additional 
resource (Areas 1‑3) follows:

Area 1 is located immediately to the north of the existing 
pit and occupies an area of �.5 hectares. BDH �, 5 and 6 have 
been used to infer a resource at this site. Claystone-siltstone 

Figure 19. Depth to base of Howard Sand member. Structure contours show that it dips north. Spot depths highlight irregularities

Table 4. Summary of operations at Boral Sand Pit, Howard 
Springs
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overburden averages 8 m. The underlying sand interval 
averages 20 m in thickness and consists of medium to very 
coarse, clean to clayey quartz sand with quartz pebbles. 
Cuttings from BDH � suggest the presence of two quartz 
veins at depths of �6 m and 25 m. The volume (in situ 
resource) of sand in Area � is �00 000 m�. After factoring 
in 20% clay content and �0% loss due to oversized 
particles and sandstone, the recoverable inferred resource 
of sand is 2�0 000 m� or ��5 000 tonnes using a density 
of �.5 t/m�. The amount of overburden is estimated to be 
�20 000 m�.

Area 2 is on the southwestern side of the existing pit 
and includes 2 hectares of land available for pit expansion. 
BDH �-� were located in this area and indicate the presence 
of 6.2 m of overburden consisting of laterite, clayey sand 
and manganese-cemented sandstone. The sand interval 
averages ��.2 m and varies in colour from white to yellow 
to orange. There may be substantial amounts of hard 
manganese-cemented sandstone, but most of it should 
be encountered in the overburden. The total sand volume 
(in situ resource) is 28� 000 m�. After factoring in 20% 
clay content and �0% loss due to oversized particles and 
sandstone, the recoverable inferred resource is 200 000 m� 
or �00 000 tonnes using a density of �.5 t/m�. The amount 
of overburden is estimated to be �2� 000 m�.

Area 3 is located on the southeastern side of the current 
dredge pit and occupies �.5 hectares, although there is 

potential for this area to be much larger. Drillholes BDH � 
and EM29 indicate the presence of �.5 m of laterite and 
clayey sand overburden. The sand interval averages at least 
��.5 m in thickness. Total sand volume (in situ resource) is 
estimated at 2�7 000 m�. After factoring in 20% clay content 
and �0% loss due to oversized particles and sandstone, the 
recoverable inferred resource is estimated to be �50 000 m� 
or 225 000 tonnes using a density of �.5 t/m�. The amount 
of overburden is estimated to be 50 000 m�.

Drillholes EM29 and EM�6 (see Area 2 in Potential 
Sand Deposits) indicate the existence of substantial sand 
resources to the south of the existing pit between the quarry 
and Gunn Point Road, to the east of the Boral access road. 
There is also coarse sand to the north of the existing pit, 
where a previous excavation yielded �0 000 tonnes of 
coarse sand. BDH 7 and 8 were drilled on either side of 
this old pit and identified a 8 m thick resource underneath 
8 m of overburden. Drillhole EM��, which was located 
�00 m further to the northeast intersected clayey sand of 
varying quality from depths of 2-�5 m.

The total recoverable inferred resource for the three 
areas (5 hectares) is estimated to be 8�0 000 tonnes. At 
a production rate of 70 000 tonnes per year, the inferred 
resource within these potential extensions should satisfy 
demand for �2 years. Reserves within the current pit should 
last for at least 5 years and this gives a total nominal 
operation life of �7 years.

Figure 20. Howard Sand member thickness isopachs. Isopachs show that the sand lens is thickest in the vicinity of the Howard River
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AN47 Sand Pit

Table 5 gives details of current extraction operations at the 
AN�7 Sand Pit, to the north of the Howard Springs Forestry 
Reserve.

The current operation at AN�7 involves bucket excavation 
and hauling to the washing plant. This method only allows 
excavation to about 6 m depth because of the water table. 

Drilling in this area has indicated that sand extends down 
to �� m. Therefore, to win the remaining resource, a dredge 
operation would be required. Large sand resources exist to the 
east and north of the current pit with around �� m of medium-
coarse sand available.

The pit (Figure 30) is currently worked with a bucket 
excavator that loads a Komatsu HD 325-3 mine truck at the 
face. Surface excavation has occurred over much of the worked 
area. Extractive material is dumped into a washing plant that 
consisting of a feeder, shaker/scrubber, trommel, sludge pump 
and cyclone.

The deposit at AN�7 (Figure 31) contains �� m of 
clayey, medium to coarse subrounded quartz sand. In EM��, 
Koolpinyah Dolomite basement is intersected at 41 m and 
is overlain by deconsolidated quartz sand of the Acacia Gap 
Quartzite Member. This is overlain by weathered Wildman 
Siltstone and the Howard Sand member, which contains 6-2�% 
clay and silt (Table 6), as well as a �-� m thick quartz pebble 
bed. The quartz pebble bed is also intersected at shallow depth 
in drillhole EM�2 on the north side of the creek.

McIntosh Mining Consultants conducted a pre-feasibility 
study and resource assessment of the deposit on this lease 
(McIntosh �987). The recoverable resource was estimated 
to be 6.� million tonnes. The average clay content used 
by McIntosh was 26%, which is considerably higher than 
the average clay content of �5% that was determined by 
particle size tests from NTGS drillholes. McIntosh also used 

Figure 21. Depth to basement structure contours (RSL) below Howard Sand member. Contours show a northerly dip. Spot depths highlight 
irregular nature of basement

Table 5. Summary of operations at AN�7 Pit
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Figure 22. Reverse circulation air-core 
drill rig

Figure 23. Glauconitic quartz sand from 
5�-5� m depth, drillhole EM8�

Figure 24. Vari coloured sand of the Howard Sand member, recovered from air-core drillholes
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a recovery factor of 70%, which assumed extraction via a 
dredge operation. The current mining method is by bucket 
excavator, which gives �00% recovery. McIntosh used an 
in situ density figure of 1.8 t/m�, whereas this report uses 
a density of �.5 t/m�, which is the figure used by Boral and 
other operators.

Despite the pre-feasibility study by McIntosh Mining 
Consultants and a history of sand extraction since �98�, 

little was previously understood about the geology of this 
deposit. Three of four recent drillholes (EM ��, �2 and ��) 
identified a 13 m thick primary sand resource that has 
no more than one metre of overburden. Drillhole EM7� 
(Figure 31) did not intersect any worthwhile sand. The 
average clay content in holes EM��-�� is �5%. A lower 
unconsolidated sand layer, which is probably leached 
Acacia Gap sandstone, is �-�5 m thick, and lies 25-�0 m 

Figure 25. Vari coloured sand from drillholes at various depths and locations

Table 6. PSD results for AN�7 area
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below the surface. Only the upper sand resource would be 
economical to extract.

Expansion of the pits is permissible under the lease 
conditions, but cannot encroach within 25 m of the creek 
to the north that flows into the Howard River. The eastern 
lease boundary is marked by the Hunting Reserve fenceline 
that runs south from the creek and by the Howard River 
floodplain to the north of the creek.

The following calculations are based on the four areas 
in Figure 31. Areas � and 2 are the current open pits from 
which sand has already been extracted to a depth of 6 m. 
Area � which includes drillhole EM�� is 2.7 ha in area, as 
estimated from other test pits and surface sand deposits. 
Area � contains drillholes EM�2 and EM�� and is estimated 
at 7.7 ha from a number of test pits. Resource figures are 
based on a sand interval of �� m (unless indicated), an 

in situ density of �.5 t/m� and on extraction via dredge.
Area 1 occupies 7.� ha and the remaining sand resource 

is 7 m thick. Total sand volume (in situ resource) is 
estimated at 5�8 000 m� and there is an inferred recoverable 
resource of 5�0 000 tonnes. Area 2 covers an area of 
�.5 ha and has a remaining sand resource that is also 
7 m thick. An in situ resource of 2�5 000 m� is estimated 
and the area contains an inferred recoverable resource of 
255 000 tonnes. Areas 3 and 4, respectively, have estimated 
in situ resources of �50 000 m� and � 000 000 m�, and 
inferred recoverable resources of �70 000 tonnes and 
� 050 000 tonnes.

The total inferred recoverable resource estimated for 
the four areas of AN�7 in this study is 2.22 million tonnes. 
At the current production rate of 70 000 tonnes per year, 
this resource has nominal life of �� years. 

Figure 26. Dredge in operation in the Boral pit. Note that water level in the pit fluctuates, depending on the time of year

Figure 27. Screening plant and stockpiles of pinkish alluvial fine sand and creamy white coarse sand of Howard Sand member
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Mary River Sand Dredging Operation

Table 7 gives details of current extraction operations at Mary 
River.

In September 1999, the Mary River stockpile (Figure 32) 
contained approximately 2000 m3 of clean sand and minimal 
silt and clay. A visual estimate of grainsizes indicated the 
following size fractions: 30% coarse sand, 30% medium sand, 
10% fine sand, 10% medium gravel and 20% fine gravel.

The grains are angular to subangular and mostly of quartz 
and feldspar. The product is predominantly used for concrete 
blocks and concrete aggregate. Because the site material 
cannot be accessed during the wet, it is loaded onto a double 
road train and stockpiled at Berno’s depot, which is 30 km 
from Darwin on the Stuart Highway. There has been minimal 
dredging activity, if any, since 1999. It is understood that lease 

areas north of the highway are exhausted but there are plans 
to move the dredge to leases south of the highway.

Sand leases to the south of the Arnhem Highway on a 
bend of the Mary River can be dry-mined rather than dredged. 
Coarse sand has been extracted from this site in the past and 
recharge occurs every wet season, allowing the deposit to be 
worked every few years. Jack Berno operates from this site. 
Other extractive operators also have leases on the Mary River 
to the south of the Mary River bridge.

Douglas Hot Springs Coarse Sand

All Earth Industries are extracting coarse sand by excavator 
and bulldozer from an area near Douglas Hot Springs. 
About 6500 m3 of sand per year is carted 200 km to a depot 
in Coolalinga. The material is washed to remove fines and 

Figure 28. Boral sand dredging pit, showing drillhole locations
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the product is used for concrete aggregate. Stockpiles were 
visually estimated to contain the following size fractions: 5-
10% silt, 15% fine sand, 25% medium sand, 30-40% coarse 
sand and �0% gravel.

Offshore Sand Deposits

Offshore sand deposits near Darwin have been investigated 
by Kershaw (1981) and Eupene (1984). A 1984 drilling 
program was thwarted by operational difficulties and found 
only poor quality sands. In �985, drilling located several 
possible resources, but no follow-up work was undertaken. 
Sand from current Darwin Harbour dredging operations is 
pumped into fill ponds and forms the bottom fill layer when 
the land is reclaimed.

Large sandbars are located at the mouth of the Howard 
River where it debouches into Shoal Bay. It is probable that 
the Howard River has etched into buried Cretaceous coarse 
sand deposits and may have deposited a lot of this sand in Table 7.  Summary of sand dredging operations at Mary River

Figure 29 .  Dr i l lhole 
sections from Boral sand 
dredging pit
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Area 1: Howard River West

Area: �20 hectares. 
Overburden: 5.8 m (6.96 million BCM). 
Sand lens thickness: 6.5 m. 
In situ resource: 7.8 million BCM (�5% clay, 7% oversize, 
�0% sandstone). 
Inferred recoverable resource: 5.� million BCM/
7.95 million tonnes.

Area � is located to the west of the Howard River and is �-
2 km from the AN�7 deposit (Figure 35). Three drillholes 
(EM 8, 9 and 7�) suggest some coherency and continuity of 
the sand layer over 120 hectares and are sufficient to calculate 
an inferred resource. The shallow depth of overburden and 
relative thickness of the sand lens makes this an attractive 
prospect. Average clay content over the three holes is �5% 
(Table 8). Bulldozer ripping, an excavator, or low powder 

Shoal Bay. Sandbars in this area were sampled (Figure 33) 
for particle size analysis. During sampling, the sand was 
visually assessed as not being suitable for concrete aggregate 
or building purposes, but it may be suitable for fill. It is 
generally fine and contains a large amount of marine silt, 
mangrove mud and shell grit.

Some sandbanks contain a higher percentage of medium 
sand, whereas others contain higher amounts of silt and 
minimal medium sand. Particle size results for the �0 Shoal 
Bay samples are contained in Appendix 4 in Doyle (200�).

Potential Sand Deposits 

The following new sand deposits (Figure 34) have been 
identified by the air-core drilling project. Map 1 shows 
drillhole collar positions. Appendices �-5 (in Doyle 200�) 
contain air-core drill logs and particle size distribution test 
results for the seven potential deposits.

Figure 30. One of the open pits at AN�7. Excavation is down to watertable

Table 8. PSD results for Howard River West 
(Potential Area �)
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Figure 31 .  AN�7 open 
pits, drillhole locations and 
sections

Sand lens thickness: ��.25 m. 
Recoverable resource: 6 227 500 BCM (�% clay, 
�% oversize, �0% sandstone). 
Inferred recoverable resource: 5.� million BCM/
7.65 million tonnes.

This area is tested by drillholes EM 29, �6, �7 and 6�, and is 
immediately to the east of the Howard River and southeast 
of the Boral dredge pit (Figure 36). Most of this resource is 
situated on the Boral freehold block (section ���6, Hundred of 
Bagot). The sand lens represents a huge potential resource with 
very low clay content (Table 9), but is constrained by relatively 
thick overburden. The area is low lying and is suitable for a 
dredge operation. There is potential to expand the present 
Boral dredge pit to the southeast after initial expansion to the 
north or west. As there are no rural residents to the east of the 
Howard River, expansion would not be constrained.

factor blasting would be needed to strip a caprock of hard 
porcellanite before excavation.

Drillhole EM8 is located on EMP 22��� and drillholes 
EM9 and EM7� are located on MCN �60�. All are on Crown 
land (Hundred of Bagot, section �226). Further drilling is 
required to more accurately quantify the sand deposit. This 
area is already under lease and therefore no objections to 
mining would be expected. A small creek runs north through 
the area and drains into the Howard River floodplain. The 
proposed Shoal Bay waste disposal site is located to the south 
of the area and the positioning of this facility may affect 
extractive operations.

Area 2: Boral South

Area: �7 hectares. 
Overburden: �0.75 m (5 052 500 BCM). 
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Figure 32. Loading sand from stockpile 
to road train at Mary River. Mary River is 
located ��5 km from Darwin

Figure 33. Shoal Bay sand sample locations 
at mouth of Howard River

Figure 34. Map of potential coarse sand 
deposits in Howard River area
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Area 3: Gunn Point Road South

Overburden: 9-�� m. 
Sand lens thickness: 9-26 m.

Drillholes EM 70 and 7� tested this area, to the east of the 
Howard River and 500 m to the south of Gunn Point Road 
(Figure 37). EM 70 contained 26 m of sand from ��-�0 m 
and this is the largest interval of sand intersected during 
the entire drilling program. Clay content averages 2.5% 
between depths of �8 m and �2 m, but this rises to ��.�% 
between �2 m and �9 m (Table 10). Hole 7� contains 
good quality sand from 9-�8 m, the clay content of which 
averages 2�%.

The depth of overburden detracts from the potential of 
this area, but the thickness and low clay content of this sand 

(in EM70) make it a good target. The resource is located on 
Crown land (NT Portion �60�, Hundred of Bagot), which is 
not currently residential. The area has been previously scraped 
for fine sand and gravel.

Area 4: Shoal Bay Peninsula

Drillholes EM�–EM7 tested this locality (Figure 38). EM� 
has a top interval of 6 m of sandy clay and claystone, which 
is underlain by 5 m of medium-coarse sand between 6-�� m. 
EM2 has medium-coarse sand to a depth of 7 m with no 
overburden. In EM�, the clay content between 7-�0 m is less 
than �0%. In EM2, clay content is less than 20% down to 
7 m, but rises to 55% between 7-9 m (Table 11). The area is 
a good prospect for shallow coarse sand, but the presence of 
quartz veining between EM� and EM2 places some doubt on 
correlating the sand resource between the two holes.
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EM6 is the only other hole that encountered potentially 
economic sand (Table 11). EM�, � and 5 have negligible sand. 
EM7 has 5 m of sand from ��-�6 m depth, which is probably 
too deep for economic extraction. Holes EM�-5 and EM7 
are located on leases ����, ���8, �298 and 22�5� and are 
owned by Stephen Moffat of Palmerston Soil and Landscaping 
Supplies. EM6 is located on lease 2280�.

Area 5: Howard River

Holes EM75-78 tested this area, which is mainly east of the 
Howard River and south of Gunn Point Road (Figure 39). 
All holes except EM76 intersected the Howard Sand member. 
EM75, which is located on the western side of the Howard 
River, is the pick of the holes and contains 8 m of coarse sand 

between 6-�� m depth. On the eastern side of the river, EM77 
has �5 m of sand between 22-�7 m, but this is probably is too 
deep to extract. EM78 has only � m of sand, which averages 
�5% clay (Table 12), between 7-�� m depth.

The area on the western side of the river should be 
evaluated further. It is swampy, low lying and under water 
almost half of the year. Although the area is freehold, it 
has little value due to its low-lying topography and a sand 
dredging operation may be the best land-use option for this 
area, eventually creating a lake rather than a swamp. Lawrence 
Ah Toy of Koolpinyah Station owns the freehold blocks.

Area 6: Scrubby Creek North

Seven drillholes tested this large area (Figures 40, 41) that 
in the past has provided fine sand and gravel from shallow 
scrapes. Four holes encountered shallow coarse sand. 
Extraction would be easiest in the western half of the area 

(drillholes EM26 and 27), where the Cretaceous sand is less 
than �0 m from the surface. All other holes intersected the 
same sand lens of the Howard Sand member, but the sand 
is too deep to extract. The average clay content is �5% 
(Table 13). More drilling is needed to define a resource.

Area 7: Howard Swamp

Drillhole EM67 is located on the eastern side of Howard 
Swamp (Figure 42), on the downslope edge of the laterite 
plateau. The hole contains high quality clean quartz sand 
from ��-�8 m depth with a clay content of 5% (Table 14). 
However, the overburden is thick and the water table would 
be very high as the hole is located just metres from the edge 
of the floodplain. Goose shooters frequent this area. Drillholes 

EM68 and EM22 are located to the east of the swamp and 
also intersected the Howard Sand member under a thick 
claystone capping.

Other Potential Areas

The area to the south of the Arnhem Highway and to the 
east of Humpty Doo, between drillholes EM5�, 57 and 58, 
shows potential for coarse sand deposits. A drainage channel 
runs through this area and this may indicate the presence 
of an exhumed sand layer, which has been subsequently 
covered by alluvial sand. Further drilling is needed to test 
the occurrence.

Economics of Coarse Sand

This geological appraisal demonstrates the presence of large 
deposits of premium-grade coarse quartz sand. However, these 

Table 9. PSD results for Boral South (Potential 
Area 2)
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Figure 36. Boral South 
(Potential Area 2) drillhole 
locations and downhole 
sections

deposits are mostly restricted to the Howard River area, where 
they are located underneath lateritic duricrust and variable 
thicknesses of claystone overburden. Moreover, most of the 
sand lies below the water table.

Unless there is a substantial trend towards manufactured 
sand from hard-rock quarries, future supplies of natural coarse 
sand will have to be met by modern dredging operations 
concentrated in the Howard River area. Bearing in mind 
that geological occurrences only become resources if there 
is a reasonable expectation of economic extraction, it is 
appropriate to set up a simple cost model to investigate the 
economic implications of the overburden.

A hypothetical model is set up (Figure 43) for the 
development of an extraction operation that has the following 
features:

•	 Removal of 2 m of duricrust by dozer ripping;
•	 Removal of overburden above the water table by  

excavator;
•	 Dry season water table set at �0 m below ground 

level;
•	 Excavation of overburden and pay-sand above the 

water table; and
•	 Dredging of pay-sand below the water table.

Costs are estimated on the basis of industry standard 
earthworks and are not intended to reflect any actual 
operation. Operating costs are applied to a hypothetical one 
square metre vertical column of overburden and pay-sand, 
so that each vertical metre represents one bulk cubic metre 
(bcm). It is assumed that all the resource is taken, but an 
extraction (recovery) factor is applied to account for fines 
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Figure 37. Gunn Point Road South (Potential Area �) drill logs. Note 26 m of sand in drillhole EM70

Table 10. PSD results for Gunn Point Road South 
(Potential Area �)
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Figure 38. Shoal Bay 
Pen insu la  (Po ten t i a l 
Area �) drillhole locations 
and downhole logs

It is possible to model the thicknesses of pay-sand 
that would be required to support varying thicknesses of 
overburden. The model assumes an initial figure of two metres 
of duricrust and this increases incrementally through �0 m, 
where the water table is encountered, into greater thicknesses 
of overburden. This is shown in Table 16.

Thus, the “base case” of the model shows that a pay-
sand thickness of only 9.7 metres is required to support an 
overburden of �0 m. At overburden thicknesses of less than 
�0 m, the minimum required pay-sand layer is very thin (�-
6 metres). Drilling results in the Howard River area indicate 
pay thicknesses of 8-�0 m and less than �0 m of overburden 
(average 7.� m). These occurrences thus become prime 
resources.

At the water table, nominally at �0 m in this model, the 
pay-sand layer must be at least 9.7 m thick. Overburden below 

and oversized fractions. A capital component of $750 000 
is applied, which is amortised on a per-tonne-of-product 
basis on an operation producing �00 000 tonnes per year 
over a ten-year period. This calculates to $0.7� per tonne of 
production (Table 15).

In the model illustrated (Table 16), it is shown 
that for �0 m of overburden made up of 2 m of soil 
and duricrust, 8 m of shales above the �0 m water 
table and no shale below the water table, a minimum 
of 9.7 m of pay-sand dredged from below the water 
table is required. The production cost is $�� per tonne 
of product. As premium sand retails in excess of $�6/
tonne, the $13 production figure in this model can 
be considered as a conservative “break even” figure 
that does not include tax overheads or other financial 
requirements.
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Table 11. PSD results for Shoal Bay 
Peninsula (Potential Area �)

Table 12. PSD results for Howard River 
(Potential Area 5)

Table 13. PSD results for Scrubby Creek North 
(Potential Area 6)
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Figure 39. Howard River 
(Potential Area 5) drillhole 
locations and downhole 
sections

The average pay-zone in the Howard River area is 
just �2 m thick. Therefore, any sand with overburden 
thicknesses in excess of �� m and spanning a �0 m-deep 
dry-season water table should not be considered a resource, 
as defined in this report.

the water table must be less than 2-� m thick or the operation 
becomes uneconomical. However, because dredging costs 
are essentially independent of depth, considerable depths of 
sand can be profitably dredged well below the water table, 
provided no significant dredging of overburden is required.

Table 14. PSD results for EM67 (Potential 
Area 7)
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SURFICIAL FINE SAND DEPOSITS

General Characteristics 

Fine sand in the Darwin region occurs in current drainage 
areas and low-lying swamps, where it has been deposited 
alluvially. It generally contains low amounts of clay and silt 
(<�0%) in contrast to buried coarse clayey sand deposits. The 
sand layer averages � m in thickness and can lie either on 
top of the laterite or in channels where the laterite has been 
etched away. Because of operational constraints, the actual 
payable thickness of these fine sand sheets is generally 0.5 m, 
and this figure is used in resource estimates in the absence of 
firm evidence of thicker deposits. The sand is stripped and 
excavated in shallow borrow pits (Figures 44, 45). Operators 
must ensure that the top �00 mm is pre-stripped to minimise 

Figure 40. Scrubby Creek North (Potential Area 6) drillhole locations

Table 15 .  Financial model for 
extraction of sand. Operating costs 
and production for � m� column. �A 
recovery factor of 70% is assumed 
to account for discarded fines and 
oversized material. 2Assumes a 
processing cost of $�.00 per m�.

Table 16. Thicknesses of pay sand required to support varying 
thicknesses of oveburden
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the organic content, which is not acceptable in concrete 
mixes. The pre-stripped organic material is stockpiled for 
later rehabilitation.

There are various sources of fine sand in the Darwin area. 
Fine sand is weathered from ridges of Acacia Gap quartzite 
and sandy interbeds within the Wildman Siltstone, especially 
in the Sunday Creek and Litchfield Creek areas, where it 
is transported and deposited alluvially in the present-day 
drainage channels and floodplains. Another major source 
is eroded and reworked sandy clay and claystone from the 
Bathurst Island Formation. This reworked material would 
typically be found in the Howard River drainage channels 
and the Scrubby Creek area. A further source is the weathered 
sandy facies of the basement Burrell Creek Formation. Fine 
sand of the Channel Island Road area contains silt and clay 
from this formation and is generally finer than in other areas. 

The particle size distribution test for this sand (Appendix 3) 
shows that it has higher clay and silt fractions than other 
Darwin sands.

Samples from stockpiles and natural occurrences in 
the Darwin area, when tested for particle size distribution, 
show the sand to be more medium-grained than fine-grained 
and the -75 micron fraction is generally less than �0%. The 
exception is the finer Channel Island Road sands, which may 
be better used as brickies sand. Appendix 3 has particle size 
distribution results for eight fine sand samples.

Fine washed sand is produced by All Earth Industries 
and Boral Quarries at Howard Springs. All Earth Industries 
source fine sand from scrapes at Trippe Road and Sunday 
Creek. The sand is hauled to their fine-sand washing plant 
at Coolalinga, to produce about 70 000 tonnes per year. Fine 
sand produced by Boral is trucked from surficial sand scrapes 

Figure 41. Scrubby Creek 
North drill sections
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at Scrubby Creek and washed at their Howard River washing 
plant. Boral produces between 60-�20 000 tonnes per year, 
depending on demand.

Fine Sand Products and Uses

The major uses for fine sand in the Darwin area are land fill 
in new land developments, concrete aggregate, bedding sand, 
housing pads, sanitary land fill and as pipe bedding. Fill sand 
is not washed or screened and is applied directly from the pit. 
However, it is free from sticks and vegetation.

Washed fine sand is used in pavers and as fine aggregate 
in concrete. Concrete block manufacturers have recently 
changed from using washed fine sand to quarry sand as a 
matrix to 7 mm aggregate. Fine sand is also used as an additive 
in concrete in bridge beams, railway sleepers, paving slabs 

and pipes. Raw fine sand for concrete aggregate requires 
washing to reduce silt and clay content below 6%. Raw sand 
is sent through a trommel, passed over a screen deck fitted 
with water jets to wash out clay fines, then dewatered through 
a cyclone and stockpiled.

Fine sand is used in mortar and plaster for the building 
industry. Such sand generally has a higher percentage of silt 
and clay to improve workability. Fine sand is also used in 
hotmix and emoleum for road surfacing.

Fine Sand Operations

Scrubby Creek

The watercourse of Scrubby Creek originates at the break in 
slope of the duricrust from two springs that converge � km to 

Figure 42. Howard 
Swamp (Potential Area 7) 
drillhole locations and 
downhole sections

m01-159.dgn

Lithology legend

Quartz fragments in clay

Sandstone

Sandy clay

Dolomite/limestone

Laterite gravel

Clay/claystone

Howard Sand Member

Clayey sand

EM67

5

10

19m

38m

EM22

5

10

15

20

25

30

35

40
41m

Rd

Howard
River

Point

Koolpinyah

0 1 2 3 4 5kmHoward Springs

How
ard

 S
pri

ng
s R

d

Gunn     Point      Rd

Gunn

EM68

5

10

15

20

25

30

35

EM67 EM68

EM22



�0�0 ��

the south of Gunn Point Road (Map 1). The watercourse 
is fringed on each side by sandy swampy flats as it drains 
north into Shoal Bay.

Nine leases contain fine sand, some of which have 
been worked (Figure 46). Most of the extracted sand 
is hauled to Boral Howard Springs to produce fine 

washed sand. There are approximately 90 hectares of 
fine sand still to be extracted and, at a thickness of 
0.5 m, this represents �50 000 m�. There may be as 
much as �0 hectares, containing 200 000 m� of sand at 
0.5 m depth that is not under lease in the upper reaches 
of Scrubby Creek. 

Figure 43. Hypothetical sand dredging model

Figure 44. Fine sand being pushed up 
by bulldozer. Sand has been deposited 
alluvially in upper catchment of Howard 
River drainage system

Figure 45. Sand scrape with overburden 
stockpiled on far side for rehabilitation. 
Note that scrape is only of shallow nature
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Sunday Creek and Litchfield Creek

There are up to 20 fine-sand leases in this area, the majority 
of which are unworked. Alluvial fine sand deposits form 
low-lying ridges and occur in swamps along the floodplains 
and drainage channels of Sunday and Litchfield Creeks, 
where they drain toward the Adelaide River. In most cases, 
they lie on top of the laterite. In this area in particular, fine 
sand is derived from erosion of the Acacia Gap Quartzite 
and sandy interbeds of the Wildman Siltstone.

Areas under lease in the Sunday and Litchfield Creek 
areas, have an estimated �.� million m� of sand over an 
area of 285 hectares. There is possibly as much as another 
500 000 m� in unpegged areas.

Channel Island Road

Fine sand in this area is derived from weathering of exposed 
and near-surface Burrell Creek Formation. Top End Soil 
Suppliers has a number of leases with an estimated in situ 
resource of 8� 000 m�. Most of this sand is used as fill sand 
and building sand in Palmerston.

Trippe Road Humpty Doo

All Earth Industries operates a fine sand pit on freehold 
land near a fork in the upper reaches of the Howard River. 
There are two sheets of sand; one has been fully exploited 
and probably produced 60 000 m�; the other occurs in the 
eastern fork and has the potential to produce 70 000 m�.

Howard Swamp

Dae Mac Pty Ltd has a small fine sand and gravel operation 
on EMP�228 in the Howard Swamp area. An estimated 
20 000 m� of fine sand has been excavated. Other small 
patches of fine sand occur on swamp fringes and the 
floodplain.

Howard Peninsular Extractives

A resource of fine sand is currently being worked along the 
western edge of the Howard River floodplain and along a 
north-oriented drainage channel. An estimate of the size of the 
resource has not been carried out to date by the lease owner.

Boral Howard Springs

Fine sand leases north of the Boral dredge pit on the eastern 
side of the Howard River have mostly been exhausted. Pits 
further north in the southern parts of the Hunting Reserve have 
also been excavated in the past.

Girraween Road

A number of areas in the Howard River drainage system 
to the north of Girraween Road have been, or are currently 
being worked for fine alluvial sand. The resource is nearly 
exhausted and the Howard East Borefield will soon sterilise 
any remaining reserves. There is a larger sand resource to the 
south of Girraween Road, although there is a Reservation from 
Occupation (RO) over most of it.

Black Jungle

There are �2 leases in this area, located to the north of the Black 
Jungle Reserve boundary and to the south of the Koolpinyah 
Station boundary fence. Of these, 2� are ungranted Mineral 
Claims in the name of Boral Resources and All Earth Industries. 
The remaining 8 leases are EMPs, including � that are within 
the Koolpinyah boundary fence.

Approximately 880 hectares of low-lying swampy land and 
floodplains are covered by the 32 leases, and are only accessible 
for 5 months of the year in the dry season. The sand varies 
in thickness and quality throughout the area. A conservative 
estimate of 0.5 m of sand thickness over 70% of the total area 
gives a potential in situ resource of � 000 000 m�.

Figure 46. Fine sand stockpiles at Scrubby Creek, which is a major fine sand producing area
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Old Humpty Doo Station

The area to the south of the Aboriginal community at 
Old Humpty Doo Station, between Litchfield Creek and 
Sunday Creek crossings, contains a huge surficial fine 
sand sheet which is currently untouched. The estimated 
area is 600 hectares, and assuming an average sand depth 
of 0.5 m, an in situ resource of � 000 000 m� is inferred. 
Bajwah (�999) completed a truck-mounted auger drilling 
program through the entire area and quoted the volume at 
2�.� million BCM. The � million m� quoted in this report 
for the outlined area seems to be more realistic.

Townend Road - Elizabeth River - Noonamah Area

Sandy alluvium from the upper reaches of the Elizabeth 
River has been worked in the past for fine sand. Water 
bore data suggest that a large fine sand resource still exists. 
However, rural subdivisions and grazing land north of 
Townend Road sterilise much of this resource. Disused 
fine sand scrapes are scattered through this area and there 
is no doubt that large resources of sand still exist along 
the Elizabeth River palaeochannel from Goode Road, 
past Noonamah and south to Townend Road. Water bore 
data and air photo interpretation suggest that a large sand 
resource exists on the western side of the Stuart Highway 
in the same area, as far south as the Berry Springs turn-
off. Access to this resource is problematical, as it is rural 
freehold and grazing land and is also visible from Stuart 
Highway.

Lloyds Creek

The area to the south of Lloyds Creek contains two fine sand 
leases (70 ha) and would contain up to �50 000 m�, based 
on a sand depth of 0.5 m. Sand occurs in sheets in swampy 
lowlands to the east of ridges of Acacia Gap Quartzite. 
Small creeks flow in the wet season from the quartzite 
ridges into Lloyds Creek, which then flows into Mosquito 
Lagoon and the Adelaide River floodplain. Access to the 
area is difficult because of rugged quartzite ridges to the 
east of Townend Road. Patches of surficial sand also exist 
to the north and northeast of these leases.

Pioneer Road Area

Approximately 90 hectares of fine sand are under lease 
in the area north of Pioneer Road and west of Humpty 
Doo Golf Course. The fine alluvial sand is located in the 
Howard River drainage channel. Around �50 000 m� of 
sand exists, based on a sand depth of 0.5 m. Most of this 
land is freehold.

Koolpinyah North

Saveguard Pty Ltd has around �00 hectares of sandy 
drainage channels under lease between Koolpinyah 
Homestead and Narrows Road. Most of the ground is held 
as Mineral Claims, but no resource estimation has been 
done by the lease owner. Based on a thickness of 0.5 m, 
the leases could contain 500 000 m� of fine sand.

Yarrawonga East

This area to the east of Robertson Barracks contains many 
current and exhausted extractive leases. It has been heavily 
exploited over the last 20 years, but there may still be small 
pockets of sand available for extraction.

Koolpinyah East

A number of sandy areas exist on the fringes of the Adelaide 
River floodplain, to the east of Koolpinyah Homestead on 
the Koolpinyah Station pastoral lease. Access to this sand is 
limited to the dry season and the area is presently unleased. 
This area is also a cattle and buffalo grazing area.

Darwin Area Total Fine Sand Resource 

The total in situ resource estimate in the Darwin area, based 
on an average sand depth of 0.5 m, is 6.� million cubic metres 
for areas under lease and a further �.7 million cubic metres 
for areas not under lease. Unconsolidated dry sand has a 
bulk density of �.60 t/m�, so the in situ resource equates to 
�0 million tonnes under lease. Based on an average annual 
production around Darwin of �00 000 tonnes for the last few 
years, the fine sand resource on leased ground around Darwin 
will last for �� years.

GRAVEL RESOURCES

Characteristics of Natural Gravel

Natural gravel is mostly sourced from the erosional remnants 
of lateritic duricrust, which is still very extensive on the plains 
of the outer Darwin area. Gravel is stripped and scraped in 
shallow pits for use as roadbase, fill material and decorative 
stone.

Natural gravel is used in all areas of the Northern 
Territory as a low-cost roadbase, due to its abundance and 
good sheeting ability. In the Darwin area, laterite gravel 
is a cheaper alternative to manufactured fine crushed rock 
(FCR). However, laterite gravel has been exploited around 
Darwin to the extent that most sources close to the city are 
already exhausted and roadbase-quality gravel is becoming 
increasingly difficult to locate within an economic distance 
of the market. After a certain distance, transport costs lift the 
price above that of FCR and it becomes more economical to 
use higher quality manufactured gravel.

Natural gravel is no longer used within built-up Darwin 
areas or in rural residential areas to the north of the Arnhem 
Highway. The trend for FCR to replace natural lateritic gravel 
is enhanced because it generally has higher strength and 
therefore performs better under high volume road traffic. It 
also produces less dust when worked.

Roadbase Gravel

Natural gravel is used for low-cost roadbase as an alternative to 
quarried fine-crushed rock. High quality gravel is used for the 
basecourse and lower quality gravel is used as shoulder and sub-
base material. Roadbase gravel is recovered from shallow pits 
(Figure 47) and then screened to remove oversized material.



����

Sealed roadbase gravel has the following specifications: 
Liquid Limit - 25% maximum; Plasticity Index or PI - 1-6%; 
Linear Shrinkage - 0-3%; PI x percent passing 0.425 mm 
sieve - 180 maximum; and California Bearing Ratio or 
CBR - 80 minimum. These specifications are higher than for 
unsealed (gravel) roads and for sub-base material. Basically, 
sealed roadbase gravel needs to be stronger and to have less 
clay. There are four main gradings curves used for natural 
gravel. Sealed and unsealed roadbase gravels are generally 
gradings 2 or � (refer to Appendix 5 in Doyle 200� for 
specifications).

The quality of natural gravel is dependent on the quality 
of the parent material. Lateritic material, which is common 
over most of the Northern Territory, is a well-performed 
roadbase material. Laterite gravel is generally strong and 
compacts well, but the clay content is variable and the material 
tends to be gap graded (deficient in coarse sand fraction). 
Siltstone gravel of the Burrell Creek Formation, which is 
common around Batchelor and Adelaide River, tends to form 
flaky and elongate particles, which do not compact well. It 
is often not strong enough for basecourse material and the 
Plasticity Index (clay content) is also often too high. Quartz 
gravel from weathered conglomerates is usually rounded and 
therefore compacts well. It is typically very strong and has 
low plasticity.

Fill gravel

Fill gravel is classified by quality; the three main types are 
low-quality general fill, standard fill, and high quality select 
fill. Fill gravel of all types is of lower quality than roadbase 
gravel and is abundant in the outer Darwin area. Fill gravel 
can contain a larger amount of clay and does not have to be 
as strong as roadbase gravel when compacted. For select 
fill, the CBR must be a minimum of 30 and the PI must 
be between 2-�5%. Low-quality lateritic gravels therefore 
provide excellent fill material and are readily available in 
areas relatively close to Darwin. Fill resources should not be 
under threat for many years.

Landscaping gravel

Washed and screened pebbles of various types, such as laterite, 
quartz gravel (Burrell Creek Formation), porcellanite (Darwin 
Formation), “rooster red” (Mount Bonnie Formation) and “salt 
and pepper” (pegmatite) from Observation Hill are used in 
gardens and other decorative landscapes around Darwin. These 
are not high-volume commodities but sell at up to $�0 per 
tonne. Quartz gravel around Darwin performs well as roadbase 
gravel, but is worth more as decorative stone (Figure 48).

Natural Gravel Operations

Kings Creek 

This area is to the east of the traditional Yarrawonga extractives 
area (Figure 49) and has been worked for many years by 
several different operators. It is now nearing exhaustion for 
roadbase gravels. Low quality material is still being sourced 
in small quantities, but needs some blending and processing to 
meet specification. Historically, Kings Creek has produced a 
huge amount of extractives, as is shown in aerial photographs 
by the large number of pits, which have been rehabilitated 
to varying degrees.

Channel Island Road

Two operators source gravel from this area, which has come 
under pressure from competing land uses, in particular 
aquaculture. It is also subject to constraints from the designated 
mosquito breeding buffer zone. Ceccon Transport has a number 
of active gravel pits in this area. In the past, they blended blue 
metal from the abandoned Batchelor Quarry with Channel 
Island Road lateritic gravel in order to improve specification.

Sunday Creek-Litchfield Creek 

A large number of leases in this area provide laterite gravel, 
quartzite scree slope gravel and fine sand. CSR holds leases 

Figure 47. Natural gravel stockpiled in 
shallow scrape. Lateritic gravel such as this 
is commonly used as basecourse material on 
many rural roads in the Northern Territory
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Figure 48. Decorative quartz stone from 
weathered Burrell Creek Formation 
conglomerate

Figure 49. Milners Creek 
and Kings Creek extractive 
areas
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for quartzite aggregate. Dale Page also operates a natural 
gravel operation on the scree slopes of quartzite ridges in this 
area. A large amount of screened roadbase gravel has been 
produced in the last three years. 

The scree slopes also produce large amounts of oversize 
(>�0 mm) cobbles and boulders that are stockpiled and then 
crushed to produce a manufactured gravel (FCR).

Scrubby Creek

The Scrubby Creek extractive area, to the south of Gunn Point 
Road has a large number of leases held by various operators. 
Both lateritic roadbase gravel and fine sand are extracted, as 
laterite gravel deposits abut alluvium-filled drainage channels. 
Lateritic gravel in this area is nearing exhaustion.

Gunn Point Road

Various laterite gravel scrapes exist along Gunn Point Road. 
The scrapes that are closer to town have generally been 
depleted by extractive operators for use around Darwin 
and on Gunn Point Road itself. Most of the scrapes along 
the road further north have been used for road upgrading in 
the past. On either side of Gunn Point Road, lateritic gravel 
exists on the plains in large quantities, but the distance from 
market may make these materials prohibitively expensive. 
The depth and quality of these gravels are also unknown and 
a resource estimate cannot therefore be given. Gravel that 
occurs immediately adjacent to Gunn Point Road will be 
used for upgrading and sealing of the road when gas-industry 
activity goes ahead.

Girraween Road 

Many disused shallow scrapes, now mostly filled with water, 
occur in the area north of Girraween Road, both to the east 
and west of the Howard River. Further to the northeast, there 
are large quantities of natural gravel, some deposits of which 
are currently being worked.

Total Gravel Resource Base

Between 0.5 and � Mm� of roadbase gravel exists on leases 
in the Channel Island Road area. Furthermore, there is an 
estimated � Mm� of quartzite scree gravels within the quartzite 
hills south of Trippe Road on the Arnhem Highway. Much of 
this area is already under lease, but has not been worked to 
date. Many other areas are under lease, but little if any resource 
assessment has been done by leaseholders and without test 
pitting (Figure 50), no resource estimates can be made.

There is no doubt natural gravels will become less 
abundant around Darwin in the future. Low quality gravel 
can be processed to pass specification using a Finlay blending 
and screening machine. However, fine crushed rock (FCR) 
must be used within built-up areas, thus obviating the need 
for natural gravel roadbase in urban areas. A resource estimate 
for fill gravel is not attempted here.

HARD ROCK QUARRIES

General Features

Crushed rock is extracted from hard rock quarries by drill 
and blast methods before being crushed and screened into 
variously sized aggregates and other products. A total of six 
operating hard-rock quarries are supplying material (quartzite, 
hornfels, and syenite) to the Darwin and Palmerston markets 
(Table 17). Three quarries in the Yarrawonga area near 
Palmerston produce quartzite. Two quarries at Mt Bundey 
produce hornfels and syenite. Mauries Quarry, which is 
located at Acacia to the south of Darwin, also produces 
quartzite. Figure 51 shows existing and abandoned quarry 
locations, except for the Mt Bundey Quarries, which are 
located further to the east.

Quarry products are related to the characteristics of the 
host rocks. For example, the Mt Bundey quarries generally do 
not produce fine crushed rock roadbase, but do provide high 
quality concrete and sealing aggregate for bitumen roads. 
Quartzite quarries produce large amounts of fine crushed 
rock as an inevitable by-product and lesser percentages of 

Figure 50. Test pitting for natural gravel 
deposits. Test pitting enables soil profiles to 
be sampled and geotechnical characteristics 
to be estimated
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Table 17. Summary of operations at Darwin region hard rock quarries
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sealing aggregate. The sealing aggregate specification from 
the Department of Transport and Works is higher than the 
concrete aggregate specification. Halkitis Mt Bundey is the 
only quarry that produces all of its crushed rock to a sealing 
aggregate specification.

Armour rock is generally only produced upon demand 
for large construction jobs. The total production of hard 
rock varies from year to year, as does the mix of product 
types, which depends upon the types of construction projects 
occurring at the time.

The two major quarries at Yarrawonga have quartzite 
resources available for about 5 and �5 years respectively. 
Hard rock resources in the outer Darwin region will meet 
anticipated demands, and provided they are not sterilised, will 
suffice for the short to medium term. There are huge resources 
in the Mt Bundey area and within the Acacia Gap Quartzite 
ridges to the southeast of Darwin.

The quarrying industry should have no problems in 
keeping up with increased demand in future years. However, 
if the quarries at Yarrawonga close down in 2005, material 
brought in from outer areas, such as Mt Bundey, will cost 
around an extra $�0 per tonne. Similarly, rock from the Sunday 
Creek and Acacia areas will cost an extra $5-$6 per tonne.

Quarry production depends upon demand. Therefore 
production and employment levels vary from year to year, 
and also between dry and wet seasons. Quarry production 
for the last four years is shown in Table 18. Production of 
roadbase and concrete aggregate varies according to the rates 
of construction of major roads and other large developments. 
Product prices vary between quarries, mainly due to operating 
costs and distance from markets. However, quarries near 
Palmerston are not necessarily cheaper; they can maintain 
higher margins because transport costs to markets are 
low. Quarries from Mt Bundey have to sell at lower prices 
because haulage costs add around $�0 per tonne. Variation of 
commodity pricing ex-pit is therefore not exclusively due to 
rock quality and operating costs, but is also due to distance 
from markets.

Large amounts of armour rock will be needed for Stage 2 
of the East Arm Port Development (estimated �65 000 tonnes) 
and also for pipeline protection for Timor Sea natural gas, 
provided proposals to pipe it onshore go ahead. Primary armour 
rock for Stage � of the port development required blocks of 
between 1.5 and 3 tonnes. Pipeline armour specifications are 
not known at this stage, but would not need to be as large. 
Mt Bundey is the only option for large armour blocks, but 
quartzite quarries can also supply armour rock in smaller sizes. 
There will be enough resources for upcoming projects, but 
specifications are needed, so that quarry managers can gear-
up with the proper equipment to cope with the demand for 
large blocks within the time frames for project completion. 
It is expected that a large amount of by-product would be 
produced when quarrying armour rock, as the armour rock 
yield per blast is generally only around 20%.

Because of the introduction of Barmac Duopactors 
to a number of quarries, it is expected there will be a 
significant increase in the production of quarry fines that 
have been screened to sand grade in coming years. Quarry 
sand is expected to gain a larger share of the sand market. 
Traditionally, washed natural quartz sand has had almost 
�00% of the market share, because of its workability and 

finishing qualities. Manufactured quarry sand in other 
states has experienced problems with inferior compressive 
strength and with the management of fine wastes. These 
potential problems will have to be dealt with. The strength 
problem can be anticipated for quarry sands from the Acacia 
Gap Quartzite, because the resultant sand grains would be 
composites of sutured sub-grains with imposed fractures that 
follow metamorphic fabrics.

Manufactured sands for concrete mixes can have a higher 
percentage of fines as they generally contain fracture fines 
and “crusher” dust, rather than the clay fines of natural sands. 
Duopactors produce better-shaped, more rounded grains, 
which are suitable for concrete mixes, whereas traditional 
crushers produce a more elongate flaky particle shape; this 
is not as strong and requires more water in the mix. Although 
quarry sand costs as least as much, if not more than aggregate 
to produce, it is a lot cheaper, because it has to be priced 
competitively with natural sands.

In summary, the hard rock quarry industry in the Outer 
Darwin area has large resources of rock for future use, but 
access to these resources close to Darwin may be eliminated 
in the short term by competing land uses. The price of crushed 
rock commodities will rise with increased transport distances 
to the market.

Hard Rock Operations

CSR - Milners Creek

The CSR Quarry (Table 19) was formerly operated by Darwin 
Crushed Metal (DCM) and Australian Blue Metal (ABM). 

Table 19.  Summary of operations at CSR, Milners Creek

Table 18. Darwin quarries recent production history. Source (Quarry 
Managers)
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Aerial photographs taken in �969 show that DCM had 
five quarry pits at that time. Mines Branch Records 
indicate that ABM began production in �972 (Weber 
and Shields �98�) and that production occurred in two 
main periods. 
Between May �97� and June �97�, �92 000 tonnes of 
quartzite were extracted and between July �98� and June 
�982, a further ��� 888 tonnes was produced. CSR took over 
the leases in �986. There are nine old pits north of Bar 20 Road 
on the CSR Darwin Quarry leases. Current CSR activity is 
located on MLNs 575 and 576, to the south of Bar 20 Road. 
The leases were granted on �0/5/�982.

Quartzite is extracted from an open pit (Figure 52), but 
the operation is constrained by watertable depth. CSR will 
shortly deplete its current pit and will then move east across 
Milners Creek to the next lease, which contains an in situ 

resource of 900 000 tonnes. This lease will be exhausted in 
about four to five years. CSR has two other potential rock 
sources on their current leases; one is under the crushing 
plant and the other is near a previous DCM pit.

CSR has other quartzite leases at Sunday Creek, to the 
east of Humpty Doo, and these have an in situ resource 
of around 70 million tonnes (Bruce Preddy CSR pers 
comm). However, the leases are MCNs and, although an 
application to convert them to EMLs has been lodged, 
the application will need to go through the Native Title 
process and a move to Sunday Creek is not expected in 
the near future.

The other option for CSR is to move to leases that they 
have held since �978 in the Noonamah area, to the east of 
Redcliffe Road. A trial blast was recently conducted in this 
area. These leases contain a huge quartzite resource. This 

Figure 51. Darwin region 
hard rock quarries excluding 
those at Mt Bundey. All 
quarries with the exception 
of Batchelor Quarry are 
located within Acacia Gap 
Quartzite
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move may present environmental and competing land use 
problems, because some adjacent land has recently been 
converted from pastoral lease to freehold. Rural residents are 
now within �-�.5 km of the leases.

Boral Yarrawonga

Boral began crushing operations at Yarrawonga in July �999 
(Table 20), after taking over the lease from Progressive 
Quarry. Three separate trial blasts were conducted at various 
locations on the lease to assess the quality and distribution of 
quartzite away from the original Progressive pit. As a result, 
three new pits were opened up.

Until early 200�, production involved crushing the 
quartzite, as well as hornfels hauled from Mt Bundey, on site 
at Yarrawonga (Figure 53). The amount of waste generated 
from the crushing process was around �0% and therefore the 
decision was made to recommence crushing at Mt Bundey, 
using an upgraded crushing plant. Total production for the 
1999/2000 financial year was 190 000 tonnes, 63% percent 
of which was concrete aggregate. Production for the financial 
year ending June 200� was around �00 000 tonnes, 70% of 
which was quartzite and �0% hornfels.

Figure 52. Current open pit at CSR Milners 
Creek. Note water table at bottom of pit, 
which limits quarrying during wet season

Figure 53. Crushing plant at Boral 
Yarrawonga

Table 20. Summary of operations at Boral, Yarrawonga
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Quartzite beds in the northeast of the lease strike to the 
north, dip steeply west and have about 20% interbedded 
phyllite. They are overlain by the remains of a lateritic 
weathering profile. The open pits fill with water during the 
wet season, when production is drawn from stockpiles. Rock 
is extracted from three different pits.

The current access road is from Bar 20 Road. Plans are 
underway to construct an all-weather unsealed road, west from 
the quarry, across Milners Creek to Thorngate Road.

Boral has access to five quartzite leases in this area. 
Lease EML N85, which is currently being worked, has a total 
resource of 500 000 tonnes. EMP N�09� has an estimated 
resource of �75 000 tonnes on the western side of the lease 
and an additional 500 000 tonnes in the southern area of 
the lease (Harvey �999a). EML N82 has a total resource 
in excess of � million tonnes (Harvey �999a). Figures are 
unknown for EML N8�. The area contains an estimated 
20-�0% waste material (phyllite, laterite, thin quartzite beds 
and sandstone) and this should be factored into recoverable 
resource estimates.

The total in situ resource is 2.�8 million tonnes, which 
includes �0% waste, as estimated from costeans. Therefore 
the total recoverable inferred resource is �.66 million tonnes. 
At current production of �00 000 tonnes of quartzite per year, 
this should be adequate for �6 years.

Figure 54. Main open pit at Enterprise 
Quarry. Quartzite seams are interbedded 
with sandstone and phyllitic beds

Figure 55. Dredge to be installed in sand 
dredge pit

Table 21. Summary of operations at Enterprise Quarrry
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Enterprise Quarry

Enterprise is the smallest and most recent quartzite pit 
in the Yarrawonga area (Figure 54, Table 21). It began 
operations in �999. Production capacity is small, but 
Enterprise occasionally supplies rock to the neighbouring 
Boral Quarry for crushing. The Enterprise crushing plant 
consists of a gyro-crusher and three screens and has 
production capacity of �0 tonnes per hour.

SK Enterprise has three leases in this area and these 
contain a total in situ resource estimated at � million 
tonnes (personal communication Ken Martin). The 
operators will shortly install a small dredge to recover 
washed quarry sand (Figure 55). The hard rock pit 
contains large amounts of sand and fill-quality scalp 
material that can be dumped into the recovery pond, then 
dredged and pumped to the washing plant to produce 
quarry sand.

Mauries

Mauries Quarry (Figure 56, Tables 22, 23) opened in July 
�997 and is a hill-type operation in a strike ridge of Acacia 
Gap Quartzite. Since �997, the quarry has steadily increased 

production to �5 000 tonnes per year. The company has about 
�00 hectares of elevated likely country, so the resource is 
potentially huge.

Numerous tight upright folds of Acacia Gap Quartzite are 
exposed in the quarry walls (Figure 4). Bedding is generally 
steeply dipping to nearly vertical. Phyllite is interbedded 
between massive quartzite beds varying from �0 cm to more 
than 2 m in thickness. An axial plane schistosity is prevalent 
in the phyllite. The quartzite is recrystallised, fractured, well 
jointed and abundantly cut by quartz veins.

The quarried material includes about 20% phyllite, so 
the material is washed during crushing to clean the product 
of clay and phyllite. A contract crushing plant was used in 
late �998 and in October �999, a new crushing and screening 
plant was installed which processes �00 t/hr. Of the quartzite 
material crushed, up to �0% ends up as screened quarry sand, 
which is sold as coarse sand for the concrete industry. The 
major quarrying products however are concrete aggregate, 
roadbase and armour rock.

Boral – Mt Bundey

The Boral Mt Bundey quarry (Figure 57, 58, Tables 24, 25) 
is located �00 km from Darwin along the Arnhem Highway. 
It is in the hornfelsed contact zone of the Mt Bundey igneous 
suite where it intrudes the Gerowie Tuff of the South 
Alligator Group. The original rock type was a tuffaceous 
siltstone, which was devitrified and recrystallised during 
metamorphism into hard cherty material. Beds are folded, 
faulted and well jointed, and dips increase toward the 
contact with the syenite. Parts of the quarry face exhibit 
tight disharmonic folds within the limbs of larger folds. The 
quarry contains a north-northwest-trending lamprophyre 
dyke 2-� m in thickness, cordierite veins and hydrothermal 
garnet along joint planes.

Prior to the Yarrawonga crushing plant becoming 
operational, all material from the quarry was crushed onsite. 
Until July �999, raw material was crushed both at Yarrawonga 
and on site. In September �999, crushing ceased at Mt Bundey 
and all pit material was loaded onto road trains and crushed 

Figure 56. View of Mauries Quarry looking toward northern benches. Large resources of rock exist back into the hillside

Table 22. Summary of operations at Mauries Quarry
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Table 23. Summary of recent production at Mauries 
Quarry

Figure 57. Mt Bundey open pit. Note folded nature of hornfelsed sediments and road train access for direct loading

Figure 58. Bedding and cleavage within 
Mt Bundey quarry face
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by Boral. This lease is located within syenite and contains an 
inferred resource of 5 million tonnes (Harvey �999b). At the 
current average production rate of ��0 000 tonnes per year, 
the total resource will last 60 years.

Halkitis – Mt Bundey

This hill-type quarry (Figure 59, Tables 26, 27) is situated 
�05 km from Darwin on the Arnhem Highway. It is believed 
that it first opened in 1971, but minimal quarrying took place 
in the early years (Weber and Shields 1981). Stan Kennon 
established the present quarry in �979 and Halkitis Brothers 
took over the operation in �992. The quarry has an average 
production of �20 000 tonnes per year.

The principal rock type quarried is Mt Goyder Syenite. 
This is pink-brown in colour, coarse-grained and well jointed 
on scales of several metres. Orthoclase is the major mineral 
(75-90%); calcic amphibole (20%), quartz (2-3%), biotite 
(�-2%) and oligoclase (�%) are subordinate. Lamprophyre 
dykes in the syenite strike north to northeast (Figure 60) and 

Table 24. Summary of operations at Boral, Mt Bundey

Table 25. Summary of recent production at Boral, Mt 
Bundey

Table 26. Summary of operations at Halkitis, Mt Bundey

lamprophyric enclaves with sharp contacts occur within the
syenite (Figure 61). The lamprophyre dykes are hard to drill 
but are crushed along with the syenite. The pit also contains an 
aplite dyke and sulfide (pyrite, sphalerite)-specular hematite-
bearing quartz veins.

The syenite is highly competent and because of the 
joint orientation, the first blast row is often oversized and 
is therefore stockpiled. All material is crushed to sealing 
aggregate specification. A Barmac Duopactor has been 
installed to produce higher quality quarry sand, which has 
the potential to replace natural coarse washed sand for use 
in concrete blocks. The duopactor produces more fines (-
�.�5 mm) for a better grading and also gives grains a better 
shape. As a result, production of quarry sand at the quarry has 
risen from 2% to �2% in the last � years. The quarry has also 
supplied armour rock to contractors from time to time and in 
�996, Henry and Walker Pty Ltd blasted ��0 000 tonnes of 
armour rock for Stage � of East Arm Port.

The present quarry has only taken a small bite in a hill 
of substantial elevation (�20 asl) above the plains. There is 
therefore a large remaining resource of quality hard rock.

Abandoned and Disused Quarries 

Kyama Quarry

It is believed this quartzite quarry, which was previously 
known as the Acacia Creek Quarry and �9 Mile Quarry, 

at Yarrawonga to produce sealing and concrete aggregate. 
In 200�, the Mt Bundey plant was upgraded so that onsite 
crushing of all material could recommence.

Current operations occur on EML 59, EML 66 and 
EMP �28�, which extend over a total area of �� hectares. 
The inferred resource within these three leases is �.8 million 
tonnes. EML 80, to the south of the current pit, is also held 
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Figure 59. Halkitis syenite quarry. Note oversize stockpiles

Table 27. Summary of recent production 
at Halkitis, Mt Bundey

commenced operations in �957. DME records show 
production of 55 000 tonnes in �958. Quarrying activity 
ceased in 1997 after supplying 10 000 tonnes of fine crushed 
rock to Litchfield Shire in that year.

Batchelor Quarry

Boral Quarries operated the Batchelor Quarry on Crater 
Road near Batchelor before it was abandoned in �99� after 
exhaustion of reserves. A five-year rehabilitation program was 
commenced in �997 by Ceccon Transport. The rock type was 
probably dolomitic shale. Pioneer Concrete now operates a 
batching plant at this site.

Brookings Creek Quarries

Brookings Creek is located on the Stuart Highway between the 
Howard Springs turnoff and Coolalinga. A number of quarries 
operated to the east of the Stuart Highway between �959 and 
�967. Maximum annual production was �0 000 tonnes of 
quartzite in �966 (Weber and Shields �98�).

17 Mile Quarry

The abandoned �7 Mile Quarry is located to the south of 
Bees Creek Road and to the west of the Stuart Highway, at 
Coolalinga. It once produced quartzite, but now serves as a 
dam at the All Earth Industries depot.

Darwin River Quarry

No 5 Airfield Construction Squadron, Royal Australian 
Airforce, used quartzite from this quarry as aggregate for 
the Darwin Airfield Reconstruction. About 100 000 tonnes 
were extracted (Weber and Shields �98�). Material for the 
Darwin River Dam may have also been derived from this 
quarry.

Darwin Crushed Metal Quarry-Milners Creek

Aerial photographs from 1969 show that five pits were being 
worked at Milners Creek by Darwin Crushed Metal Pty Ltd 
(DCM; Weber and Shields 1981). Production between May 
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Potential Quarry Sites

Approximately 25 undeveloped hard-rock quartzite leases 
are held by various operators in an area to the east of 
Redcliffe Road and west of Sunday Creek. None of the leases 
has yet been quarried but the resource potential is high. CSR 
have indicated a possible move to this area in the future. A 
trial blast was conducted recently on one of the leases.

CSR Quarries has four quartzite leases in the Sunday 
Creek area that have a estimated resource of 70 million 
tonnes. The leases are only MCNs and quarrying is therefore 
not expected to commence in this area in the short term.

Outcrops of Depot Creek Sandstone occur along the 
Darwin River and can be observed around the bridge on 
Cox Peninsula Road. This unit consists of pink-orange, 
cross-bedded, fine quartz sandstone. The outcrop is located 
on Crown Land but although the material may be suitable 
for quarrying, it is probably too close to both the road and 
the river to be an acceptable operation.

White vein quartz outcrops to the west of Finn Road, 
north of Berry Springs. The colour of this rock may have 
appeal as decorative stone, but the size of the resource is 
unknown.

DIMENSION STONE

Dimension stone is defined as natural rock blocks that 
have been shaped and dressed to varying degrees for use 
as building, facing or decorative stone. Blocks can vary in 
degree of finish from rough-hewn blocks to highly polished 
slabs. Only two dimension stone types are derived from the 
Darwin area: Darwin Brown and Porcellanite.

Mt Bundey Darwin Brown

Darwin Brown (Table 28) is derived from the Mt Goyder 
Syenite, as is crushed rock from the Halkitis Quarry at Mt 
Bundey. The operations are situated close together, but operate 
independently.

Joint patterns are used to advantage in the extraction of 
slabs and blocks (Figures 62, 63, 64), and they determine final 

Figure 60. Lamprophyre dyke within the Halkitis quarry face. 
Lamprophyres generally strike north to northeast and are blasted 
and crushed along with syenite

Figure 61. Lamprophyric enclaves within 
Mt Goyder Syenite

�97� and June �97� was �92 000 tonnes (see entry under 
CSR– Milners Creek).

Australian Blue Metal Quarry-Milners Creek

Australian Blue Metal (ABM) mined quartzite from a number 
of pits in the Milners Creek area from �972 (see entry under 
CSR– Milners Creek).
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slab dimensions. Pilot holes are drilled to enable the wire to 
be threaded, and set up for cutting. The base of the slab to 
be extracted is drilled and “popped” with low powder-factor, 
k-pipe explosive. When the cut is complete, water bags are 
inserted into the cut and filled under hydraulic pressure to 
widen the gap. Two bags can be used back to back. The 
bags expand to a maximum of �5 cm. Once the gap is wide 
enough, a small hydraulic jack is inserted to further widen 
the opening. This allows a larger jack to be used, after which 
both jacks can be used back-to-back. This forces the slab to 
part and topple.

Table 28. Summary of dimension stone operations at Southpac 
Ltd, Mt Bundey

Figure 62. Syenite slabs being cut from quarry face by wire saw. Back wall is a joint surface, which determines block size and makes 
extraction easier

Formation claystone have been 80-85% replaced by opaline 
silica. Petrographic examination of porcellanite samples 
prepared for Dames and Moore by Geochempet Services in 
�997 shows opaline silica content of 60-86%. Original grains 
of quartz range from �-�0%, detrital sericite and muscovite 
flakes are about 1%. Secondary iron oxides (hematite and 
goethite) vary from �-�8%, depending on the degree of 
ferruginisation. Pore space is around 5%.

Samples analysed by X-Ray Diffraction at ANU 
laboratories (sample �0) and Amdel (EM7�, �-2 m and EM68, 
�0-�� m) showed no sign of opaline silica (Tables 29, 30). 

When the slab has toppled, it is washed and examined for 
mafic inclusions, which are seen as defects. The slab is also 
examined for joints and fractures, which control the final size 
and dimensions of the products from the block. Blocks with 
joints or faults are rejected. Once examined the blocks are 
drilled out into manageable sized slabs and numbered. Raw 
slabs are exported interstate and overseas, and are not further 
cut, shaped or surfaced until they reach their destination.

Darwin Brown dimension stone can be seen in various 
places around Darwin City, for example, in the entrances to 
the Paspalis Centrepoint Building in the Smith Street Mall.

Porcellanite

Porcellanite is a local term for silicified mottled claystone 
that occurs in the siliceous zone beneath the lateritic duricrust 
in the Darwin area. The formation of porcellanite relates 
to weathering of the lowermost Darwin Formation of the 
Bathurst Island Group. The silicified rocks are exposed in 
topographically higher areas where the lateritic duricrust has 
been partially or fully removed, especially on foreshore cliffs 
along the Darwin peninsular.

Although porcellanite is similar to silcrete, its silica 
content is less than 90%, whereas silcrete generally has more 
than 97% SiO2 (McNally et al 2000). Joyce (�997) reported 
that most of the clay minerals in typical samples of Darwin 
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Figure 63. Slabs being prised away from 
quarry face by hydraulic jack

Figure 64. Extracted slabs marked and 
ready for export interstate or overseas. 
Latest slabs are being exported to China

fringes. This process explains why porcellanite tends to form 
at breaks in slope, in places where siliceous groundwater 
discharges from springs and resilicifies the original clay and 
sandy clay. Examples include the area of drillhole EM7� and 
other areas in the vicinity of the Koolpinyah Porcellanite 
Quarry on the Shoal Bay Peninsula Road.

Porcellanite contains a variety of colouration patterns and 
mottling, depending on the distribution of iron hydroxides and 
on where the rock lies within the weathering profile. Colour 
varies from cream to yellow to orange and purple. Weathering 
produces concentric, zoned, speckled and veined patterns, 
often initiated along joints.

Porcellanite has been used as building stone in Darwin 
since �879, notably in the construction of the Police Station 
and Courthouse (Figure 65) on the site of the current 
Government House Administrators office. Other historic 
buildings of note, including Town Hall (�88�), Browns Mart 
(�885), Victoria Hotel (�890), Anglican Church (�902), Lyons 
Cottage (�925) and St Marys Cathedral, were constructed 

Sample 10 was collected near the bottom of the Koolpinyah 
Porcellanite pit and showed ��% kaolinite. It was collected 
below the depth of silicification.

Lightly silicified varieties preserve visible fossils 
(belemnites, radiolarian tests, worm tracks and rare jellyfish 
casts), as are typically found in Darwin Formation claystone 
along the coastal cliffs. The low density (2.0-2.� t/m�) of 
porcellanite is due to the opaline silica, which has a low 
specific gravity of 2.�5. For engineering purposes, the 
porcellanite may be summarised as opaline siliceous duricrust 
material, which is currently hard and of medium to high 
strength. It is finely porous and can be easily shaped by hand 
or by mechanical means (McNally et al 2000).

The silica has at least two possible sources, including the 
biochemical breakdown of kaolinite and the dissolution of 
silicon from radiolarian tests in the claystone. Silica-laden 
groundwater moved through joints, bedding planes and 
other cavities, gradually opening them by further dissolution 
and precipitating silica by evaporation around the capillary 
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Table 29. Quantitative XRD analysis of Cretaceous clays 
(ANU analysis). Sample locations are given in Figure 72

Figure 65. Old Courthouse on The 
Esplanade. Original porcellanite was used 
to restore the building in �98� after it was 
destroyed by Cyclone Tracy

Table 30. Semi-quantitative XRD results from air-core drill samples (Amdel analysis). Abbreviations: D – dominant (component Table 
apparently most abundant, regardless of its probable percentage); CD - co-dominant (indicating two or more dominating components, in 
roughly equal amounts); SD - sub-dominant (the next most abundant component(s) that have percentage level generally above 20%); A - 
accessory components between 5 and 20%; TR - trace components below about 5%. Sample locations are given in Figure 72.
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Figure 66. Offices of KPMG Chartered 
Accountants on Smith Street. Note that 
building behind is also being faced with 
porcellanite

using local porcellanite from Larrakeyah and Fannie Bay. 
Most of these buildings were damaged during World War 2 
and Cyclone Tracy, but with the exception of the Town Hall, 
all have been partially or totally rebuilt, mainly using material 
from the original buildings.

The offices of KPMG Chartered Accountants were 
built in the early�990s and used porcellanite from Finlays 
Koolpinyah Porcellanite Quarry as facing stone. Extensions 
were carried out in the year 2000 and also used local 
porcellanite (Figure 66). These buildings blend with the 
historic Browns Mart across the road, and along with the 
other buildings constructed using porcellanite, impart to 
the southern end of Smith Street a unique �9th Century 
character.

Porcellanite Operations

Koolpinyah Porcellanite Quarry

Koolpinyah Porcellanite Quarry (Figures 67, 68, Table 31) 
is on the western side of the Shoal Bay Peninsula Road. The 
present pit has been excavated down to only � m, below 
which the material becomes softer. This level is the depth 
of maximum silicification. Raw material is excavated and 
hauled to the depot in Palmerston for processing. Rough 
building blocks are hand worked by stonemasons. Other 
material is washed and rounded and used as ornamental 
landscape stone. For bricks, a rock saw cuts slabs into 
50 mm facing blocks that are sealed after installation. Bird 
baths and other objects are carved out of large boulders 
(Figure 69).

Abandoned Porcellanite operations

Larrakeyah Quarry

The abandoned Larrakeyah Quarry is located at Doctors 
Gully at the northern end of The Esplanade. McQueen (�957) 
reported on the suitability of silicified Darwin Member 
claystone from Larrakeyah Quarry for use as facing stone 

in the construction of St Marys Cathedral. It is not known 
exactly when the quarry first opened, but McQueen 
mentioned that stone from the western end of the site had 
been successfully used on some Darwin buildings 20 years 
previously. Samples tested by McQueen for the cathedral 
project consisted of a clayey sandstone, which had been 
indurated by secondary silica, and an off-white fine sandy 
claystone, which was strongly compacted and well bedded. 
These samples contained a small amount of staining by iron 
oxides along bedding and joints.

Stuart Park Quarry

The Stuart Park Quarry was developed on the present 
site of the Stuart Park Primary School during the Second 
World War. Porcellanite was crushed and used as exposed 
aggregate in concrete bunkers and gun turrets at East Point 
and Casuarina Beach. These structures are still sound 
today.

SOIL

Sandy, silly or loamy soil containing organic matter 
is sourced from various locations around Darwin. It is 
generally referred to as topsoil and is used for topdressing 
gardens, parks, golf courses and sporting fields. Soil occurs 
as layers above lateritic gravels, fine sand deposits and even 
floodplain material. It is sourced from shallow scrapes and 
is screened to remove sticks and rocks.

Soil is not required in large amounts and demand has 
averaged around �7 000 tonnes per year for the Darwin 
region over the last � years. A resource estimate for soil 
cannot be given, as extractive operators do not conduct 
resource assessment programs, generally because soil 
is delivered on demand and demand is often sporadic. 
Topsoil resources are not large in the Darwin region and the 
manufacturing of blended and processed soils will therefore 
become common in the future. Topsoil can be manufactured 
by blending different regolith products and even waste and 
organic materials.
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Figure 67. Koolpinyah Porcellanite Quarry on Shoal Bay Peninsula Road. Pit has been opened up to a depth of 3 m

Figure 68. Coarse sand, porcellanite and brick clay quarries
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MANUFACTURING CLAYS

General Characteristics

Darwin region clays have been investigated over a number 
of years in regard to their potential for fireclay, ceramic, 
earthenware or china products. Apart from one failed 
brick-making venture, no economic exploitation has been 

attempted. Lau (�97�) provided the earliest information on 
Darwin clays and to add to this database, 20 samples were 
tested by X-Ray Diffraction to determine their mineralogical 
content. The samples included clay (Figure 70), sandy clay 
and porcellanite from the Cretaceous Darwin Formation, 
and two siltstones from underlying Proterozoic basement 
rocks (sample 7 and EM��). Samples � and 5 are kaolinite 
clays from Bynoe Harbour and are similar to the material 
shown in Figure 71.

Ten of the samples were collected by Nigel Doyle and 
Dr Tony Eggleton (ANU) during August 2000 from various 
localities where claystones are exposed (Figure 72). 
These were quantitatively analysed at ANU laboratories 
(Table 29). The remaining �0 samples were selected from 
NTGS drillholes (Appendix 2) in August/September 2000 
and were quantitatively analysed by Amdel Laboratories 
(Table 30).

The clays are dominated by quartz, kaolinite and 
subordinate smectite and muscovite (sericite). Other 
minerals are present in trace amounts. Most samples have 
a high quartz content and only samples 8, 9 and EM82 
(��-�2 m) show high kaolinite content. These samples 
come from the pallid zone of the weathering profile. The 
source of sericite is the Proterozoic Wildman Siltstone. 
Samples from drillholes EM8� and EM8� (Figure 73) show 
higher concentrations of smectite from the unweathered 
Wangarlu Formation. This confirms suggestions by Rix 
(�96�) and McMeekin (�968) that kaolinite is produced 
via the weathering of deeper montmorillonitic clay zones 
(montmorillonite belongs to the smectite group of clays). 
These analyses confirm the paucity of high-quality, 
economically significant clays in the Darwin region.

Gunn Point Clay Deposit

This deposit is located close to the coastline to the 
south of Gunn Point and occurs in weathered mudstone of 
the Wangarlu Formation, just below the knick-point at the 
eroded edge of the duricrust. Rix (�96�) and Lau (�97�) 
showed that the white clay is kaolinitic and suitable for 
heavy clayware, utility whiteware, stoneware pottery and 

Table 31. Summary of operations at Koolpinyah Porcellanite Quarry
 

Figure 69. Porcellanite sculpture from 
Finlay’s Stonemasonry. Note original 
weathering patterns in claystone
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low-grade pigment. Underlying dark grey montmorillonitic 
clays were considered to be suitable as clay blends to 
improve extrusion or moulding properties and increase green 
strength6  of cast products. It can also be used as a binder 
for foundry sands and refractory mortars. Two samples of 
Rix (�96�) were tested at the CSIRO Division of Building 
Research and results indicated that the dark grey claystone 
is a montmorillonitic rock of high plasticity that has very 
strong mechanical properties in the green state.

In �965, the Northern Territory Mines Branch drilled 
a continuously cored hole (Gunn Point DDH�) through 
the Cretaceous Wangarlu mudstone to basement. A further 
�6 holes were drilled in �972 to �0 m and two to 60 m. 
Results indicated the presence of an extensive and laterally 
uniform layer of soft weathered kaolinitic clay, 20-�0 m 
thick, overlying unweathered montmorillonitic claystone.

Drillholes in this area indicate that weathering persists 

to depths of �7-�0 m, below which there are no visible 
weathering effects. McMeekin (�968) found fibrous 
halloysite below the depth of visible weathering in Gunn 
Point DDH �.

Both Rix (�96�) and McMeekin (�968) recognised 
that lateritic weathering of primary montmorillonite 
produced the kaolinite clays and this accords with the 
regional interpretation of the laterite profile. Change from 
montmorillonite to kaolinite involves an increase in Al2O� 
and H2O+, and a decrease in SiO2, MgO and CaO. During 
tropical lateritisation, SiO2 and sesquioxides of Fe and 
Al are known to be readily dissolved and reprecipitated, 
whereas Mg and Ca form soluble salts and are removed by 
leaching.

The Gunn Point kaolin deposit is currently covered by 
a mining reserve but to date these low-grade clays have not 
been exploited.

Figure 70. Darwin Formation clays from 
air-core drillhole EM28, near Fischer 
Lagoon

Figure 71. Quartz kaolinite from Bynoe 
Harbour. This material was mined for 
kaolinite and stockpiles of quartz by-
product are still at Rankin Point today

6 Strength after firing.
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Keswick Clay Deposits

The Keswick clay deposits are located on the northern side 
of Bynoe Harbour between Rankin Point and Raft Point and 
are covered by MLN 286-92, �9�-5 and 297-�0�. Comalco/
Bynoe industries drilled white quartz-rich kaolinite clay 
that was probably derived from the in situ weathering of 
porphyritic feldspar rock. This material can also be seen in 
coastal cliff outcrops to the north of Rankin Point.

Comalco’s requirements were low alumina, low silica 
and less that 1% Fe. The Keswick deposit was reputedly 
acceptable in alumina, but high in Fe and SiO2. The company 
carried out further drilling, and analysed clay fractions after 
washing to remove quartz. This showed that the clay was 
not bauxitic kaolin suitable for a refractory material and 
that the deposit was of small size. Comalco discontinued 
investigations of the deposit in �976 (Chaku �976). Ostojic 
Transport now owns these leases.

Amdel Laboratories tested samples of similar material 
from Mines Branch drilling in �977. The economic potential 
of the material was judged to be low, because the clay had 
low plasticity and was prone to cracking. Moreover, it was 
refractory in relation to brickmaking, where low temperature 
vitrification is required.

BRICK SHALE QUARRIES

In �96�, three clay samples believed to be from the Berrimah 
area were tested to determine suitability for brick manufacture. 
Tests showed that blended clays could produce satisfactory 
agricultural pipes, and for some purposes, building bricks. 
However due to surface scumming during firing they were 
not aesthetically suitable as facing bricks. When used alone, 
none of the three samples was suitable (Heuber and Holland 
�96�). The precise sample locations are not known.

The Norbrick Factory was subsequently developed on 
Tivendale Road, Berrimah, and produced house bricks before 
closing in �992. Clay for bricks and pavers was sourced 
from four pits owned by the NT Claybrick Company. Two 
of the pits contained clay from Darwin Formation claystone 
and two from basement Burrell Creek Formation siltstone. 
Weathered shale from two pits located off Marjorie Street 
and Taylor Road in the Palmerston area were blended with 
Darwin Formation plastic clays to produce bricks and pavers. 
The other two clay quarries were located to the west of the 
Stuart Highway, 500 m north of the Elizabeth River and east of 
Deloraine Road, near the cemetery on Shoal Bay Peninsula.

The brick factory was built with a grant from the Northern 
Territory Development Corporation and was run by an 
overseas company before going into receivership. A local 
consortium bought the business in �988 and operated it for a 
further four years before closure in �992, due to poor quality 

Figure 72. Clay sample locations, excluding those from Bynoe Harbour
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of the bricks. The poor quality was due to the composition 
of the clay and failure to get a consistent mix. In particular, it 
was found that calcium leached out after rain and stained the 
brick, and that lime could expand and crack the brick (Neville 
Walker and Ron Trezise pers comm). Darwin now imports 
bricks and pavers from interstate and overseas.

LIMESTONE AND CEMENT

Northern Cement Pty Ltd (a subsidiary of Adelaide 
Brighton Cement) quarries limestone at Mataranka 
�00 km to the south of Darwin and operates a plant that 
produces quicklime. Approximately �50 000 tonnes of 
limestone are blasted from the quarry face annually, but 
the -20 mm fraction, (about 50%) is returned to the pit 
as backfill. Quicklime is used by the mining industry, in 
sewage treatment, road stabilisation (for example, Tiger 
Brennan Drive at Bayview Haven) and to neutralise 
acidic soils.

Northern Cement is the predominant cement supplier 
in the Northern Territory. However, their partly processed 
raw material (clinker) is imported from Gladstone, 
Queensland. The clinker is delivered to Darwin by ship 
four times per year. It is then ground and bagged as cement 
product. The amount of imported clinker varied between 
70-�00 000 tonnes per year over the last �0 years. A total 
of 80 000 tonnes was imported in 2000.

Gypsum is used as an additive in the cement blend 
(�-5%). In the past, Northern Cement has used gypsum 
from their own deposit at Alexandria Station in the 
Barkly Region. However, recently they have switched 
to imported Thailand gypsum, because of its lower clay 
content and the fact that it is cheaper to import the gypsum 
than to truck it from the Barkly quarry. A shipment of 
�0 000 tonnes lasts about two and a half years.

Cement fineness and gypsum percentage tests are 
carried out for quality control. Clinker is fed from the 
stockpile through eight feeder belts onto a rapidly moving 
conveyor belt. Gypsum is fed from the stockpile, through 
a feeder belt onto a slow moving weight-controlled 

conveyor belt that adds �% gypsum to the clinker belt. The 
conveyor belt then feeds a two-chambered ball mill. The 
first chamber has 70-90 mm balls that crush the material. 
It is then fed to the second chamber with 20-60 mm balls 
that grind the material into fine cement powder.

Northern Cement produces only a general purpose 
cement and to meet local requirements, needs to import 
special purpose blends from Adelaide Brighton Cement 
Ltd in South Australia. These include the following:

•	 High Temperature Blend (used to plug oil wells);
•	 Type G (used to plug oil wells);
•	 Sulfate resistant cement;
•	 Hydrated lime cement (for plastering); and
•	 Brightonlite cement (for plastering).

SUMMARY OF ExTRACTIVE RESOURCES 

The average consumption of extractive minerals (crushed 
rock, gravel and sand) in the Darwin region over the last 
� years is �.� million tonnes. The estimated demand for 
extractive minerals in the year 2020 is 2.2 million tonnes 
(Ngo et al 2000), which equates to �2.8 t/h/y, based on a 
projected population of �70 600. This study of extractive 
mineral demand for the future was done by the Office of 
Resource Development in consultation with the Geological 
Survey and industry information.

Sand production consists of two-thirds fine sand and 
one-third coarse sand. The in situ fine sand resource 
has been estimated at �0 million tonnes for areas under 
lease. At present production levels this resource will 
last for �� years. Using the current yearly production 
figure of 300 000 tonnes of fine sand and projecting that 
figure to 500 000 tonnes in 2020, which is an increase in 
production of �0 000 tonnes per year, the total amount of 
fine sand needed to 2020 is 8.4 million tonnes. Known 
fine-sand resources can therefore sustain demand until 
at least 2020.

Coarse sand production is currently estimated at between 
�00 000-��0 000 tonnes per year with a projected demand 

Figure 73. Fresh smectite (montmorillonitic) 
clay from EM8�. This clay is from Wangarlu 
Formation
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in 2020 of 250 000 tonnes per year. Estimated recoverable 
resources of coarse sand at AN�7 and the current Boral 
Howard Springs pit, plus its three expansion areas, total 
�.� million tonnes. Demand for coarse sand up to 2020 is 
estimated at �.75-� million tonnes. It is therefore anticipated 
that new coarse sand resources will need to be opened up 
before the year 2020 in order to satisfy demand. New coarse-
sand deposits are identified in this report for this purpose.

It is likely that future coarse sand production will require 
well organised and properly engineered dredging operations, 
and careful control on operating costs, in order to maintain 
a competitive advantage over production from quarries. 
Although there are large volumes of quality coarse sand 
in the Howard River area, it is likely also that overburden 
thickness of more than �0 m will present operational and 
economic constraints on extraction by dredging.

The resource situation for natural gravel is less clear. 
Some larger gravel producing areas such as Sunday Creek 
are being worked, but generally small pockets of gravel 
are mined for roadbase gravel and fill material in the outer 
Darwin area. Operators rarely carry out resource estimates 
for roadbase gravel and don’t produce resource estimates for 
fill material. It is forecasted that both supply and demand 
for roadbase gravel will gradually decline in the medium 
term, as the remaining resources are depleted and road-
building contracts specify the use of FCR only. Demand 
for fill material will probably increase slightly, but supplies 
will be adequate.

Hard rock resources are plentiful in the Outer Darwin and 
Mt Bundey areas. Average annual production for the �996-
�999 period was 6�� 000 tonnes. The projected demand 
for crushed rock in 2020 is �.� million tonnes (Ngo et al 
2000). Assuming an increase in production of 20 000 tonnes 
per year, the total rock resource consumed up to 2020 will 
be 16.3 million tonnes. Using calculated resource figures 
from hard rock quarries and a resource figure of 10 million 
tonnes for the Mauries and Halkitis quarries, the available 
resource is �� million tonnes. Hard rock resources in the 
Darwin region can thus easily satisfy demand for the next 
20 years.

Crushed rock production may actually exceed the 
projected figure in future years as fine crushed rock is 
substituted for natural gravel roadbase and quarry sand is 
used increasingly as an alternative to, or as a blend with 
natural sand.

Knowing the resource situation of the Darwin region 
and projected demand figures, it is paramount that land 
use issues be considered and that specific extractive areas 
are designated and set aside for future use. It is inevitable 
that new areas of extractive activity will be opened up, but 
ensuring that appropriate end-use plans or rehabilitation 
strategies are in place for the new areas is also important.

LAND USE ISSUES

Competing Land Uses

Competition for land use in Litchfield Shire has increased 
dramatically in recent years and rural subdivisions, 
aquaculture, proposed borefields, horticultural zones and 
reserves have sterilised or have threatened to sterilise 

important extractive resources. Industrial developments, such 
as those proposed for Gunn Point and the railway corridor, 
will both sterilise and consume extractive resources. Hunting, 
forestry and nature reserves have already alienated large 
tracts of potential resources from the extractive industry, and 
plans are underway to isolate even more land. The proposed 
acquisition of service, rail and road corridors for intended 
gas industry developments at Gunn Point will sterilise 
some extractive resources, but will provide better access to 
resources in other areas.

The Water Resources Division of DLPE is endeavouring 
to set aside land to the north of Girraween Road as an 
environmentally protected borefield. The Darwin City Council 
is also proposing to build a waste disposal site to the north 
of Howard Springs Forestry Reserve. This is a designated 
extractive area under Litchfield Shire Land Use Objectives 
that contains potentially large resources of coarse sand.

Noise complaints from rural residents, mosquito buffer 
zones, poor seasonal access conditions and wet season rains 
are additional obstacles facing the supply of extractives to 
the community. Unfortunately, there is a negative perception 
of quarrying and extractive activity amongst the community. 
It is seen as environmentally insensitive, incompatible with 
urban centres, noise creating, dusty and damaging to roads, 
even though extractive minerals are essential for construction 
and development.

An often-heard argument is that the extractive industry 
should move far away from urban environments to alleviate 
conflicts. However, transport costs are a significant part of 
production costs and the actual market is the construction 
industry associated with growing population centres. 
Therefore, the closer the resources are to consumer points, 
the lower the commodity costs, thus benefiting residents 
and developers. The Darwin community should be able to 
benefit from the lowest prices possible, especially as prices 
in the Northern Territory are higher in general than the rest 
of Australia. Although there is some logic in consolidating 
extractive operations into the one designated area, it must be 
remembered that the distribution of resources is governed by 
geological processes and not by planning strategies.

Land use proposals with potential to affect extractive 
mining activity in the Darwin area include:

•	 rural subdivision and conversion of pastoral lease to 
freehold;

•	 horticultural zones south of the Arnhem Highway that 
impinge on the Sunday Creek extractive area;

•	 aquaculture proposals near the Blackmore River, 
Channel Island Road and Elizabeth River areas;

•	 a proposed extension of the Howard River Hunting 
Reserve;

•	 imposed � km wide mosquito buffer zones in areas 
of mangrove habitat;

•	 development of the proposed Howard East 
Borefield;

•	 a proposed industrial estate at Gunn Point;
•	 the proposed suburb of Waddell;
•	 the Shoal Bay Waste Disposal Site;
•	 the railway corridor; and
•	 the acquisition of service, rail and road corridors for the 

proposed Gunn Point industrial gas developments.
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Future Development and Construction

A number of major construction projects that are either 
already approved or in advanced planning stages will greatly 
affect the extractive industry in Darwin. 

Stage 2 of East Arm Port will require large volumes 
of armour rock (estimated �65 000 tonnes). The piping of 
offshore gas to Darwin and the associated construction of 
gas-based industries and an LNG plant will also require 
extremely large volumes of armour rock, as well as fill, 
gravel and sand.

Armour rock production in particular will need to be at 
levels far higher than the current production levels of existing 
quarries in the Darwin area. Although the quarries have 
resources available, they are not geared up to high production 
levels and will need to bring in contractors and equipment 
to satisfy the required demand. The blasting program for the 
armour rock will produce millions of tonnes of by-product 
fines and waste and this will need to be managed.

The proposed construction of a methanol plant and 
fertiliser-urea plant on Gunn Point Peninsula will require 
access to local extractive materials. Fill material and natural 
gravels are abundant in this area, but transport costs for 
aggregate would be high, as the nearest hard rock quarries 
are at least 60 km away.

In the medium term, NT Government proposals 
to redevelop the old wharf precinct and various other 
construction projects on Darwin Harbour will require massive 
amounts of fill and aggregate from areas in close proximity 
to Darwin.

The amount of sand, crushed rock ballast, fill material 
and natural gravel required for the railway project is huge 
but the extractive industry will not benefit greatly, as the 
railway consortium will source most construction material 
from within the railway corridor, not from current operations. 
Most crushed rock ballast will come from quarries along the 
line that are either underworked, or are simply identified as 
potential but unassessed resources. The sub-ballast fill layer 
will utilise existing natural materials from within the � km 
wide extraction corridor along the length of the track. This 
material does not need to be of a high quality and requirements 
will not impact on known extractive resources. An unsealed 
service road sheeted with natural gravel sourced from the 
extraction corridor will be built alongside the track.

Rehabilitation

Although there is limited scope for rehabilitation of shallow 
sand and gravel scrapes, the current methods of strip mining 
(Figure 74) and final rip of the pit once overburden has 
been replaced, are proving to be much more successful at 
regenerating growth than the non-rehabilitation habits of 
past years. However, there is a need for the larger quarry type 
operations to have a clearer idea of the end use of their quarry, 
so that rehabilitation can be planned to fit in with proposed 
land uses once quarrying has been completed. A well planned, 
managed and rehabilitated quarry with a community-minded 
end use will create a better public perception of the extractive 
industry.

However, rehabilitation should not always be considered 
mandatory. In one instance, a valuable sand resource, only 

half of which had been mined, was rehabilitated and the 
remaining sand resource was buried under metres of fill and 
construction waste. In addition, because of the Top End’s wet 
season, there are great opportunities to create artificial lakes 
for water activities or for ornamental lakes within housing 
estates, such as at Fairway Waters. The Boral Howard Springs 
sand pit and any future deep pits in the Darwin area would 
provide opportunities to rehabilitate pits to suit future land 
uses, such as lakeside housing developments or watersport 
complexes.

The Penrith Lakes Development Scheme in outer Sydney 
is a good example of extractive mining and rehabilitation with 
a specific end use in mind. The Penrith pits provide 60% of 
the sand and gravel raw materials needed by metropolitan 
Sydney’s construction industry. The rehabilitated area now 
includes an Olympic rowing and kayak course. The scheme 
is an example of co-operation between local and state 
governments and industry, to work towards a common goal 
that could not have been achieved individually.

Karkarook Park in Melbourne is another good example 
of waste wetland being mined for sand, then restored and 
rehabilitated before being turned over to Parks Victoria as a 
recreational wetland and parkland area that includes walking 
trails and lakes suitable for water sports.

There are approximately ten old pits in the Milners Creek 
area that have not been rehabilitated. It is planned to turn this 
disturbed area over to the Defence Department for a military 
training area, once quarrying has ceased. This is a smart option 
as the land can be utilised for various climbing and water 
training exercises. The pits may even be dewatered, roofed 
and used as storage facilities or bunkers. The quarry operators 
in the Yarrawonga area may therefore avoid the enormous 
expense of rehabilitation, to the benefit of all stakeholders.

A bad practice in the extractive industry is the selling of 
overburden as fill material when it really should be stockpiled 
and used for rehabilitation. It costs more to haul in replacement 
fill from another area than it does to rehabilitate using on-site 
stockpiles. The selling of overburden as fill material may be 
acceptable where the pit is to be left water-filled upon the 
cessation of mining, but some overburden will still be needed 
for rehabilitation.

DESIGNATED ExTRACTIVE AREAS

This report on the extractive resources of the outer Darwin area 
should be used by planning authorities at both the government 
and local level to protect extractive resources. This study has 
identified six key areas that should be designated priority 
extractive areas and given legislative protection.

Yarrawonga

The Department of Defence land at Yarrawonga near 
Palmerston contains a further �5 years supply of valuable 
quartzite resources that are suitable for aggregate, roadbase, 
traprock and armour rock. Three quarries that are currently 
operating in this area produce 60% of all crushed rock 
products to the Darwin market and are the closest suppliers 
to Darwin and Palmerston. If the quarry sites are closed 
permanently, individual commodity prices will rise by 
between �0% and 60%.



6868

A satisfactory plan beneficial to all stakeholders would 
be for the Defence Department to take progressive control 
of the eastern sections of land (parcels �27, �0�, 92, 
91, 63 and 64), to the east of the SK Enterprise Quarry 
(Figures 75, 76). This could be fenced off for use as a 
training area and closed to the public. The two remaining 
western sections (parcels 90 and 62) could also be fenced 
off, with access to quarry personnel only. With this option, 
the military has access to a majority of the land and the three 
quarries can still operate until reserves are exhausted.

Sunday Creek 

The Sunday Creek Extraction area is bounded by Goode 
Road to the north, Redcliffe Road to the west, Townend 
Road to the south and by the Adelaide River floodplain and 
Old Humpty Doo Station Aboriginal community to the east 

(Figure 77). This area contains 27 hard rock quartzite leases 
and up to 50 sand and gravel leases, only a few of which 
are currently being worked. Large unpegged occurrences 
of fine sand exist within this area and could be important 
resources for the future. The land is undeveloped bushland, 
free from rural residential dwellings and is mainly pastoral 
lease held by Koolpinyah Station (section 4477). Although 
there are five freehold leases in the centre of the area, two 
are owned by Koolpinyah Station.

It is desirable that freehold blocks adjacent to the 
northwest corner of the extractive zone are not subdivided. 
Future quarrying is anticipated by CSR within leases to the 
south of these freehold blocks and a buffer zone between 
the quarry and rural-residential developments should be 
implemented. From the granted leases of CSR (MLN �92, 
�9�, �96, �97) across to Redcliffe Road, there is a buffer 
zone of approximately � km. It is not anticipated that 

Figure 74. Strip mining north of Gunn Point Road. Note mined areas on right have substantial regrowth
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MLN �9� or �90-�9� would be quarried as these leases are on 
freehold land and production would be subject to royalties.

Leases under application that are close to Redcliffe Road 
(MCN 86�-878) have buffer zones to Redcliffe Road ranging 
from �00 m to �.5 km.

Howard River East

This area (Figure 78) contains a large resource of medium-
coarse quartz construction sand of the Howard Sandstone 
member as intersected in drillholes EM6�, �7, 70 and 7�. 

Figure 75. Yarrawonga Defence Department land and extractive leases

Figure 76. Yarrawonga quarries within Defence Department land
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The area is on Crown land section �60�, to the north and 
south of Gunn Point Road and east of the Howard River. 
This area should be zoned for extractive operations, as it is 
a priority resource area for future coarse-sand extraction.

Black Jungle North

The area north of Black Jungle swamp, and south of the 
Koolpinyah Station fenceline (Figure 79) contains 29 fine-
sand extractive lease applications. This area contains an 
estimated � million m� of fine surficial sand and is an 
important long-term resource for the construction industry. 
Extraction will not be allowed within 25 m of the two creeks 
draining the area or within patches of rainforest, but there are 
still large sheets of sand to be utilised.

Kings Creek–Howard Peninsula

This area of established extractives includes the area between 
Kings Creek and Howard River, north of the Howard Springs 
Forestry Reserve and south of Howard River Dinghy 
Hire (Figure 80). Approximately �5 extractive leases are 
located in this area. As well as established sand, gravel and 
porcellanite operations, two new coarse sand deposits have 
been identified for future use. It is recommended that planners 
for the proposed Shoal Bay Waste Disposal Site take into 
consideration key extractive sites and plan around them.

Channel Island Road 

This is a key area for extractives and is situated in close 
proximity to Palmerston. The area is the closest source 
of construction material to the proposed methanex plant 
to be built to the north of Channel Island Road. Around 
25 extractive leases are located to the south of the Elizabeth 
River (Figure 81) and as there is an expected lifespan of �0-
�5 years for this extractive area, the available material should 

be utilised before turning the area over to an alternative land 
use. Fine sand, lateritic gravel, fill material and decorative 
stone are all sourced from scrapes along Channel Island 
Road.

Ideally, it would be advisable to set aside designated 
extractive areas and set buffer zones around extractive 
“reserves” to prevent residential creep. These buffer zones 
should also take into account the location of haul roads. As a 
guide, Tasmania and Victoria have buffer zones of � km and 
500 m, respectively, around operating hard rock quarries.

The areas outlined for protection are generally located 
away from rural residential areas and the pressures of public 
opinion should not therefore affect future extractive operations. 
It is only when urban sprawl encroaches on extractive areas, 
or when government planning decides the area should be used 
for other purposes, that land conflicts arise.

EMLs should be granted for the life of the mine and 
not until other land uses are found for that area. Thus, the 
Yarrawonga quarries should be totally depleted, before 
activities are moved elsewhere. Where possible, an end use 
for quarries should be specified at the time of granting the 
lease.

In the past, resource protection measures have not been 
fully adequate and Governments have instead taken the easier 
option of reacting to local pressure groups with other interests 
in mind. The overriding principle in addressing land use issues 
is that extractive minerals occur where Nature has placed 
them, and not where people would like them to be. Planners 
who fail to avail the community of this natural endowment 
will, wittingly or unwittingly, add considerably to the costs of 
development, construction and indeed residential living.
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Figure 79. Black Jungle North fine sand leases. Recommended area to secure for future use
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