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The Pilbara Water Resource Assessment
CSIRO has completed, for the Government of Western Australia
and industry partners, an overview of the current and future
climate and water resources of the Pilbara to aid water planning
and management, and place local studies into a wider context.
The Assessment covers an area of 288,479 km2, which is about 11%
of the state of Western Australia. This is one of the world’s most
important resource regions because of high-grade deposits of iron
ore and offshore gas reserves.
The Assessment examined surface water and groundwater
resources and their environmental significance in detail for four
regions within the Assessment area: Ashburton Robe, Upper
Fortescue, Lower Fortescue Hedland and De Grey Canning
(Figure 1). There is also a technical report, Hydroclimate of the
Pilbara: past, present and future. These reports can be downloaded
from www.csiro.au/Pilbara-water-assessment.

KEY POINTS
• Only 2% to 13% (6 to 50 mm) of mean annual

rainfall becomes runoff in the Pilbara. Between
8 and 30 mm of rain is required to initiate
runoff. While the number of events that produce
runoff may decrease under a dry future climate
scenario, the rainfall threshold is not expected to
substantially change. Soils dry rapidly between
most events because potential evaporation greatly
exceeds rainfall across the area.

• Rainfall in the Pilbara results from both tropical

and more temperate meteorological processes,
making projections of future changes difficult
because they vary in their response to raised
greenhouse gases. The 2030 and 2050 climates
almost certainly will be hotter. While global
climate models project both wetter and drier
conditions, the drier projections are more extreme.

• Streamflow exceeds recharge volumes by 5 to

6 times. This difference is the result of very
large flows during cyclonic events and tropical
depressions exceeding the amount of water that
can infiltrate during these events.

• Groundwater is currently the main water resource

in the Pilbara. Most aquifers are recharged by
water infiltrating through streambeds during
large rainfall events. Alluvial coastal aquifers, an
important local drinking water supply, appear
capable of withstanding a hotter and drier climate
because the proposed reduction in recharge is
much less than the reduction in runoff and number
of flow days.

• Groundwater resources in the Pilbara have

important environmental value in supporting
multiple terrestrial ecosystems. Groundwaterdependent terrestrial vegetation and river pools,
marking groundwater discharge zones, occupy less
than 0.5% of the Assessment area.

• Within the Assessment, provinces were defined

Figure 1

Reporting regions in the Pilbara Water Resource Assessment area

so that discrete, local information on climate,
surface water hydrology, groundwater hydrology
and groundwater-dependent ecosystems could
be integrated, enabling trends and patterns to
be identified, analysed and discussed across the
entire area.
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Key findings for the
Lower Fortescue Hedland region
• Groundwater is the main water resource in the Lower

Fortescue Hedland region (Figure 2). It is contained within
coastal alluvial aquifers, the Millstream calcrete, dolomite
of the Wittenoom Formation and deeper paleochannel
aquifers. Some of the latter are associated with channel iron
deposits (CIDs).

• The Lower Fortescue Hedland region has an extreme climate,
characterised by extremely hot summers, high potential
evaporation and intermittent intense rainfall.

• Future climates are expected to become 1.3 to 2.2 °C hotter

(by 2030 and 2050, respectively) than the 1961 to 2012
climate, but it is not clear whether it will be wetter or drier.
In general, an ensemble of 18 global climate models (GCMs)
suggests that a drier future climate is more probable than
a wetter one. Recent decades have experienced aboveaverage rainfalls, but it is not clear how factors such as
increased aerosol concentrations in the atmosphere around
South-East Asia, and climate change resulting in sea surface

Figure 2 The Lower Fortescue Hedland region’s relief, rivers, settlements, national parks and nature reserves, and hydrogeological provinces
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temperature changes in surrounding
or remote oceans contribute, or
whether it is natural variability.

• Streamflow is initiated after rainfall

exceeds 19 to 30 mm per event. Only 11
to 41 mm of annual rainfall (2% to 13%)
becomes runoff in most years.

• Leakage from streambeds (localised

recharge) is the main mechanism for
recharging alluvial and underlying
aquifers. The area and duration of
riverbed inundation largely determine
the amount of localised recharge.

• Runoff increases by up to 18% in 2050

under a wet future climate scenario
but decreases by up to 45% under a
dry future climate scenario, relative to
the historical baseline period of 1961
to 2012. For each 1% change in rainfall,
runoff changes by about 3%. A dry
future climate may impact Harding
Dam, which is a water source for the
West Pilbara Water Supply Scheme.

• Because of climatic conditions,

have an important environmental
value, supporting multiple terrestrial
ecosystems.

• Groundwater-dependent ecosystems

(GDEs), including springs and
groundwater-dependent terrestrial
vegetation, comprise less than 0.5%
of the region but have important
environmental, social and cultural
values (Figure 3). Analysis of satellite
remote sensing over a 24-year period

groundwater resources in the Pilbara

• Net annual recharge estimated from

rainfall–runoff models is between
1.7 and 5.1 mm, which represents 8
to 54 GL/year when calculated for
all hydrogeological provinces. Mean
recharge volumes are only about 12%
of mean streamflow volumes because
large events result in large runoff
that occurs in a short period of time
and does not allow time for water
to recharge aquifers. If the aquifer
near the stream is already full, little
recharge can occur.

• Much of the Lower Fortescue Hedland

region is underlain by fractured rock
formations, which can form local
aquifers. Previous work has found that
recharge to these aquifers is mainly
associated with rainfall infiltration
(diffuse recharge), which varies
between 1% and 5% of annual rainfall,
mainly associated with rainfall events
greater than 20 mm/day. This is a
similar-sized event to initiative runoff.
Figure 3 Pool supported by groundwater discharging from the Millstream calcrete
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(1988 to 2011) indicates that GDEs
generally showed limited variability.

• GDEs are ultimately groundwater

discharge zones and can be
supported by various groundwater
systems, which could form aquifers
(e.g. karstified dolomites or
paleochannels, such as Millstream or
pools supported by coastal aquifers)
or not (e.g. shallow alluvial systems, or
fractured zones along faults or dykes).

• When they rely on localised discharge
from regional or local aquifers, GDEs
can withstand prolonged dry periods
with limited impact.

• GDEs supported by groundwater

systems that do not form aquifers
(e.g. shallow alluvial aquifers that
can be filled by streamflow leakage
during most years, such as in the
Granite Greenstone Terrane) are
more sensitive to climate variability.
GDEs formed over groundwater

discharges within seepage zones on
scree slopes are the most sensitive to
climate variability.

• The strong interdependence of

geology, topography, soil and
vegetation associations, hydrology
and aquifers has enabled five main
hydrogeological provinces to be
defined to help identify repeating
patterns in the water resources of the
region (Figure 4).

• Most water resources in the region

have a low salinity, and there is
sufficient fresh to marginal-quality
water in this region to meet
residential, mining, dust suppression
and stock watering needs. The
availability of water in coastal alluvial
aquifers and some paleochannels in
the Hamersley Range is of increasing
interest for irrigated agriculture as
a new industry to support higher
populations in the coastal towns of
Karratha and Port Hedland.

• The findings are based on limited

Figure 4 Hydrogeological provinces in the Lower Fortescue Hedland region

climate and surface water monitoring,
and on intense groundwater
investigations associated with
regionally important alluvial aquifers,
for which groundwater models
were made available by the Western
Australian Department of Water.
Mine sites only occupy a very small
proportion of this region. The findings
are regional in scope, and schematic
cross-sections have been used to
depict processes and relationships that
are more complex at the local scale.
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Overview of the
Lower Fortescue Hedland region
The Lower Fortescue Hedland region has high temperatures
for much of the year, and each summer there is a chance that a
tropical cyclone will cross the coast and cause wind and flood
damage, while bringing widespread rain to replenish aquifers
and support flora and fauna.
The region provides major ports and support for much of the
iron ore industry in the Pilbara. It is also important for tourism,
with a coastal network of attractions, as well as Millstream
Chichester and Karijini national parks. It has a resident
population of more than 35,000, not including workers who
travel to work in the region on a regular basis.
The main physiographic feature is the Hamersley Range.
Mount Meharry, the highest peak in Western Australia, with an
elevation of 1249 m, is located in the southern part of Karijini
National Park just outside the region.
The Hamersley Range has an orographic effect, with some
peaks having an annual rainfall almost twice that of adjacent
flatter areas. However, the area is semi-arid, with maximum
temperatures in summer often exceeding 40 °C. The annual
rainfall deficit (rainfall – Class A pan evaporation) ranges from
2400 mm in the range to more than 3100 mm in low-lying
areas (Figure 5). Potential evaporation exceeds rainfall by 6 to
11 times, depending largely on elevation.
Rainfall is summer dominant, and is mainly associated with
thunderstorms and occasional tropical cyclones and tropical
depressions, which result in runoff once infiltration thresholds

Figure 5 Rainfall deficits for the Lower Fortescue Hedland region
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are exceeded. Some lower-intensity rainfall can occur in
autumn and winter, which can be more effective for plant
growth and recharge given the lower temperatures.
The physiography is dominated by its underlying geology.
The north and east of the region is underlain by an ancient
granite–greenstone terrane, which is usually topographically
low with rounded hills, and has few aquifers. The remainder
of the region is part of the Archean–Proterozoic Hamersley
sedimentary basin, which comprises the Fortescue Group
(mainly associated with the Chichester Range) and the
Hamersley Group (associated with the Hamersley Range). The
Wittenoom Formation, which contains often karstic dolomite,
is mainly associated with the Fortescue Valley and underlies
some valleys in the Hamersley Range. Erosion and deposition
in the Cenozoic formed deep paleochannels, which contain
important aquifers and CIDs such as the Solomon Hub. More
recent shallow alluvial deposits coincide with the modern
stream network. Part of the Carnarvon sedimentary basin
extends into the westernmost part of the region. This includes
some confined aquifers overlain by recent alluvial deposits.
They are more extensive in the Ashburton Robe region.
Soil profiles in the region are weakly developed because of
the hot, arid climate and sparse vegetative cover. Upland
soils in particular are skeletal, which enhances runoff during
high-intensity rainfall events. More developed soil profiles are
associated with alluvial deposits in the lower valleys.

Historical and future climate
A baseline climate (Scenario A, which is a continuation to
2030 and 2050) was defined, against which future climate
scenarios may be compared. Water years (1 October to
30 September) between 1961 and 2012 were chosen as the
historial baseline, based on the availability of recorded data
and representativeness. Annual rainfall during this period
averaged 363 mm, almost 10% higher than the 1911 to 2012
mean of 331 mm/year.
There is a trend of increasing annual mean and extreme
rainfall, as well as number of rain days, during the 52-year
historical period. The 7-year period between 1995 and 2001
was 56% wetter than the historical mean. A larger number of
tropical cyclones affected the region during this period, and
these years were used to assess the potential impact of a future
wetter climate on water resources and GDEs.
Eighteen global climate CMIP5 models from the fifth
Intergovernmental Panel on Climate Change report were used
to estimate the 2030 and 2050 climate for the Pilbara under
two representative concentration pathway (RCP) scenarios:
4.5 and 8.5 W/m2. The lower number represents increased
emissions of greenhouse gases until about 2040 and then

reductions due to implementation of mitigation, whereas
the higher number represents a future with little curbing of
emissions and rapidly rising greenhouse gas concentrations.
The median projected change (Scenario Cmid) is for little
change in annual rainfall for all periods and RCP scenarios
(Figure 6).
Wet and dry scenarios were also estimated using 10% and
90% exceedance probabilities based on the 18 models, two
periods (2030 and 2050) and two RCPs. The wet scenarios
projected mean annual rainfall increases from 3.0% to 8.0%.
The absolute magnitudes of these increases are less than those
of the projected decreases under the dry scenario: from –3.6%
to –16.8%. Mean annual areal potential evaporation (areal PE)
is projected to increase by 2.0% to 4.1% by 2030 and by 3.6% to
6.4% by 2050 under the corresponding scenarios. Therefore,
even under higher projected rainfall, rainfall deficits (and
therefore soil water deficits) are projected to increase under
all future scenarios. This is important when considering the
effect of future climate scenarios on surface water hydrology
and groundwater levels, given the close association between
streamflow and localised recharge.

Figure 6 Mean annual rainfall change (percentage, relative to Scenario A) for RCP4.5 and RCP8.5 projections from 18 CMIP5 GCMs for 2030 and 2050
for the Lower Fortescue Hedland region. The second wettest (driest) scenarios from RCP4.5 and RCP8.5 are designated Cwet (Cdry). The median,
selected from the 9th and 10th ranked GCM closest to the respective RCP4.5 and RCP8.5 mean, is designated Cmid. Solid symbols are used for RCP8.5,
open symbols for RCP4.5. RCP4.5 is a medium scenario, whereas RCP8.5 is a high scenario with continued high levels of emission growth to the end of
the century.
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Surface water hydrology and resources
The Lower Fortescue Hedland region has 10 gauging stations
able to be analysed for the entire historical period. Only about
8% of annual rainfall was recorded as streamflow in these
stations, with a range of 3.3% to 13.5% (11 to 41 mm). Runoff in
the region can infiltrate further downstream, so these values
do not necessarily reflect the streamflows that reached the
Indian Ocean, the region’s drainage outlet.
Because streamflow is the main source of recharge and
groundwater is the region’s main water resource, the amount
of rainfall required to initiate streamflow and how this may
change under a future climate are very important. Between 19
and 30 mm of rainfall in a single event has been required in
the historical period to initiate streamflow. Modelling indicates
that this threshold may not change much by 2030 or 2050.
However, the number of events that exceed the threshold
changes under the wet and dry scenarios.
Under a wet future climate (C50wet8.5), runoff is projected to
increase by about 18%. Under a dry future climate (C50dry8.5),

it decreases by about 45%. This is partly because projected
decreases in future rainfall by some GCMs are larger than
projected increases, but also because the hotter future climate
raises potential evaporation rates, irrespective of changes
in rainfall. Catchments are therefore likely to be drier when
rainfall starts.
Rainfall intensities exceeding infiltration capacities is probably
the main mechanism for runoff initiation in the region,
with saturation excess only a factor low in hillslopes, after
prolonged events, or in riverbeds and riparian areas.
In general, runoff (measured in mm/year) is highest in
the Granite Greenstone Terrane and Chichester Range
hydrogeological provinces, reflecting their skeletal soils and
low storages (Figure 7). Projected runoff under the median
(Cmid) scenarios is less than under the historical period. In
general, a 1% change in rainfall can translate into about a 3%
charge in runoff.

Figure 7 Spatial distribution of annual runoff across the Lower Fortescue Hedland region under the historical period and its change under six
climate scenarios
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Groundwater hydrology and resources
There are two main types of aquifers capable of providing
water in economic quantities in the region:
1.

alluvial and paleochannel (Cenozoic) aquifers

2.

calcrete aquifers in the main Fortescue Valley.

Karst dolomite of the Wittenoom Formation and CIDs have
potential as aquifers when hydraulically connected with
overlying alluvial aquifers and where located beneath the
present-time stream network. Other formations include lowpermeability fractured rocks with limited groundwater storage,
which include non-economic banded iron formations.
Groundwater resources are mostly shallow and renewable in
the region. Aquifers are largely unconfined except where semiconfined conditions are observed in the main Fortescue Valley.
Localised recharge during streamflow is the main recharge
mechanism. Historical stream leakage (for periods varying
between 1968 and 2009) was calibrated in three specific areas,
namely, Millstream aquifer, Lower Fortescue River aquifer,
and Lower Yule River aquifer, and varies between 12 and
approximately 20 GL/year. Diffuse recharge in these areas has
been estimated to be between 1 and 5 GL/year, taking place
predominantly where outcrops of the main aquifers occur.
The main discharge mechanisms identified for the aquifers that
were analysed correspond to direct aquifer discharge through
springs supporting perennial pools (Figure 8) and direct
evaporation of groundwater in the coastal plain aquifers.
Calibrated historical spring discharges in the Millstream aquifer
range between 6 GL/year for the period 1968 to 1994 and
about 19 GL/year for the period 1995 to 2012. Both periods
may provide an indication of the range of variation for spring
discharges for drier and wetter than average conditions in
the Millstream area. Calibrated historical evaporation in
the aquifers located in the coastal plain ranges between
13.3 and 14 GL/year.
Based on historical conditions, at least 70 ML/day of
streamflow for at least 6 consecutive days is required to
generate much recharge in the Millstream aquifer for the
climate scenarios evaluated.

For all aquifers analysed, simulated streamflow leakage rates
vary between 11 and 29 GL/year under dry and wet scenarios,
respectively. At the same time, for aquifers located in the
coastal plain (Lower Fortescue and Lower Yule), simulated
evaporation rates vary between 13 and 18 GL/year under dry
and wet scenarios, respectively; for the Millstream aquifer,
spring discharges to perennial pools range between 21 and
27 GL/year under dry and wet scenarios, respectively.
For the monthly mean aquifer level in Millstream, projected
differences between dry and wet scenarios can reach up to 0.2
to 0.25 m. In very restricted areas, however, and relative to the
historical scenario, decreases can reach up to 0.5 m under a dry
scenario, whereas increases can reach up to 0.2 m under a wet
scenario. This highlights the resilience of the simulated aquifer
to extreme climatic fluctuations. This is most likely linked to
the high transmissivity of the main calcrete aquifer.
For the Lower Fortescue aquifer and relative to the historical
scenario, local watertable decreases under a dry scenario
can reach up to 0.7 m, whereas increases up to 0.3 m are
expected under a wet scenario. Spatially, these increases/
decreases concentrate along a north–south axis, highlighting
the relevance of the north channel of the Fortescue River in
the recharge mechanism. There seems to be, as well, a spatial
propagation pattern for increases/decreases along eastern
tributaries, where alluvial gravels are defined in the main
floodplain valley and relatively low conductivity bedrocks are
defined in the eastern areas.
For the lower Yule aquifer and relative to the historical
scenario, local watertable decreases under a dry scenario
can reach up to 1 m, with smaller increases of up to 0.25 m
expected under a wet scenario. An apparent spatial pattern
for the decreases and increases is observed for both climate
scenarios around a central area where the main Yule River
splits into north and west channels. This area coincides with a
recharge zone associated with large flood events, where the
river stage rises over 3 m. Over long periods, two-thirds of
the incoming recharge is lost as evaporation and one-third is
storage gain.
For all aquifers analysed, simulated
groundwater heads and water balance
components show a higher sensitivity
to the dry scenario than to the wet
scenario, indicating that a drier climate
may have more substantial impacts on
available groundwater resources.

Figure 8 A waterhole used for stock
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Groundwater-dependent ecosystems
GDEs comprise less than 0.5% of the Lower Fortescue Hedland
region but have very important environmental, social and
cultural values. Many wetlands are classified as nationally
important. Tanberry Creek is listed as a Priority 1 Wild River;
one of two in the Pilbara. As in other regions, protection of
groundwater-dependent assets is an important consideration
in developing groundwater resources, including development
by water service providers (e.g. Water Corporation) or by
mining companies.
GDE habitats were mapped based on consideration of
geological, hydrogeological and hydrological settings;
available information on mapped vegetation and its typical
ecohydrological characteristics; and remotely sensed
data analysis. Vegetation was classified on the likelihood
of its groundwater dependency: from highly dependent
(i.e. high likelihood of GDE occurrence), to partly dependent
(i.e. medium likelihood of GDE occurrence), to nongroundwater dependent riparian vegetation (i.e. lowest
likelihood of GDE occurrence). Some GDEs, particularly those
with a high level of groundwater dependency (high likelihood),
were also associated with a persistent presence of water.

Those areas were also classified according to the likelihood of
water occurrence (Figure 10).
In the Lower Fortescue Hedland region, the following GDE
types are associated with groundwater systems of significant
ecological function:
Type 1 – Ecosystems dependent on groundwater discharge
from regional aquifers: consistent groundwater discharge
associated with such systems and controlled by regional
groundwater gradients supports the most persistent and
spatially substantial GDEs (Figure 9a). These GDEs are
characterised by minimal temporal and spatial variability as
they are supported by large (or relatively large) groundwater
resources for which groundwater recharge and discharge zones
are spatially separated. This group includes GDEs associated
with groundwater discharge zones from bedrock aquifers
hosted in karstified dolomite within the Wittenoom Formation.
Millstream is an example of a GDE that is dependent on
groundwater discharge from a regional aquifer.
Type 2 – Ecosystems dependent on groundwater discharge
from local aquifers, mainly associated with secondary

(a) Type 1: dependence on localised discharge from the regional aquifers
or paleochannels (e.g. Millstream) or expression of groundwater table
(e.g. river)

(b) Type 2: dependence on localised discharge from the local aquifer
(e.g. coastal alluvial systems)

(c) Type 3: dependence on small alluvial systems or fractured rocks
(e.g. Hamersley Gorge)

(d) Type 3: dependence on fractured zone along faults

Figure 9 Types of groundwater-dependent ecosystems in the Lower Fortescue Hedland region
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deposited formations: these include localised or diffuse
discharge associated with CIDs or with other types of
paleochannels (Figure 9b). Localised groundwater discharge
in such groundwater systems is controlled by catchment-scale
groundwater gradients, and supported GDEs (river pools and
groundwater-dependent riparian vegetation) are spatially
smaller than those dependent on regional aquifers.
Type 3 – Ecosystems dependent on groundwater that does not
form an aquifer: at some locations, groundwater resources
are not sufficient to be classified as aquifers but nevertheless
are important for meeting ecological water requirements.
GDEs associated with this group include GDEs dependent on
groundwater discharge from fractured rock formations (with a
subset of this type associated with localised faults/dyke zones)
(Figure 9c and 9d); GDEs associated with shallow alluvial
systems (these are more often associated with vegetation with
little or no surface expression of water); and GDEs related to
groundwater discharge zones towards the base of hillslopes,
which in the Pilbara can be found along the edges of colluvial
deposits and alluvial fans. These GDE types are associated with
terrestrial vegetation while persistent presence of water is
not detected.

Furthermore, there was no effect of groundwater abstraction
on vegetation greenness detected in this area between 1988
and 2011.
Temperature, solar radiation and potential evaporation have
more immediate effects on greenness, while seasonal rainfall
variability has a significant effect on vegetation. Seasonal
variations in rainfall affected greenness more than individual
rain events.
Vegetation greenness in Type 1 GDEs (downstream from
Millstream) shows no sensitivity to seasonal variations in river
flow. However, vegetation at the river banks (floodplains)
is sensitive to seasonal changes in river flow rather than to
individual events.
Projected changes in rainfall, streamflow and groundwater
levels under future climate scenarios are within the historical
range of recorded values. Future ‘extremes’ may persist for
decades compared with these periods. Also, future climates are
expected to be hotter, with both higher vegetation stress and
soil water deficits.

The GDEs’ sensitivity to observed climate
variability in this region was minimal. The
sensitivity of GDEs in hydrogeological provinces
(highest to lowest) is Hamersley Range, Lower
Fortescue Valley, Chichester Range, Granite
Greenstone Terrane and Coastal Plains.
In the area of the Millstream borefield,
groundwater levels deeper than 7–10 m did
not have a significant effect on vegetation
greenness (as measured using remote sensing).

Figure 10 Likelihood of groundwater dependency in the Lower Fortescue Hedland region
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Hydrogeological provinces and their projected
responses to future climate scenarios
Hamersley Range
This province has the highest elevation
and highest rainfall in the region,
resulting in a milder climate (25%
lower rainfall deficit than surrounding
provinces). River valleys within the
Hamersley Range contain alluvial
aquifers with varying thickness,
depending upon the history of landscape
erosion or eroded material deposition.
They are also crossed by paleochannels,
including some with very highly
transmissive CIDs, which constitute
major iron ore deposits.
Runoff in this province can be generated
when daily rainfall exceeds 38 mm;
however, average annual runoff is only
8 mm. These estimates are similar to
those obtained from gauged catchments
in the Upper Fortescue region.
Fractured rock aquifers are important
hydrogeological units, particularly
when associated with the dolomite of
the Wittenoom Formation (Figure 11).
They also provide a reliable discharge
to support ecosystems in gorges in the
Hamersley Range.
Important aquifers are associated with
paleochannels and the dolomite of the
Wittenoom Formation. Predominantly
skeletal soils can result in diffuse
recharge to fractured rock aquifers,
which has been mainly associated with
daily rainfall events in excess of about
20 mm.
Under projected climate changes, mean
runoff could increase by about 16%
under a wet future climate or decrease
by about 43% under a dry future climate.
Very low runoff years (<10th percentile)
could more than double, indicating
that recharge to alluvial aquifers and
their GDEs could be impacted were this
climate to eventuate.
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Figure 11 Schematic cross-section across a valley in the Hamersley Range Hydrogeological Province

Lower Fortescue Valley
The Lower Fortescue Valley is contained
between the Hamersley and Chichester
ranges, and overlying the Wittenoom
Formation and Marra Mamba Iron
Formation (Figure 12). The Oakover
Formation has in places undergone
calcretisation, which has formed calcrete
with a very high hydraulic conductivity
just below the watertable, resulting
in a flat watertable that responds in a
limited way to climate and pumping.
A paleochannel indicates that, west of
Millstream, the Fortescue River used to
flow parallel to the Hamersley Range and
enter what is now the Robe River.
Aquifers in the valley receive recharge
from the river as well as from valleys in
the Hamersley Range. How much water
from the CIDs recharges aquifers in the
valley is unclear.
The projected change in runoff under
a dry future climate is –39%, which is
much larger than the projected increase
under a wet future climate (+15%).

Chichester Range
Having a much lower elevation than the
Hamersley Range, the Chichester Range
only has a small orographic effect on
rainfall. Catchments flowing to the south
are small, and alluvial deposits can be
clayey, having formed from volcanic
bedrock. The potential to recharge
aquifers is therefore limited.

Figure 12 Schematic cross-section of the Hamersley Range (right) and Lower Fortescue Valley (centre
left) hydrogeological provinces in the Millstream area

Most rivers in the Lower Fortescue
Hedland region arise from this province.
The projected change in runoff under
a dry future climate is –38%, which is
more than double the projected increase
under a wet future climate (+15%).

Granite Greenstone Terrane
Large areas of granite and greenstone
lie to the north of the Chichester Range.
Being weakly weathered and comprising
crystalline bedrock, they contain few
aquifers (Figure 13). Most of the rivers
that arise in the Chichester Range cross
the terrane, including the Harding River,
which is used as a major water source for
the West Pilbara Water Supply Scheme.
Weathered material from the granite
plutons form sandy soils and alluvium
downstream, compared with the clayey
soils formed from greenstone. Under a
dry future climate, runoff is projected
to decrease by about 36%. Under a
wet future climate, it is projected to

Figure 13 Schematic cross-section of the Granite Greenstone Terrane Hydrogeological Province
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increase by about 16% compared with
the baseline. Streamflow volumes exceed
recharge volumes by about six times,
reflecting the large runoff that occurs in
major rainfall events. Recharge is much
less sensitive than runoff to change
in rainfall.

Coastal Plain
The low-lying coastal plain contains
important alluvial aquifers near the
discharge to the Indian Ocean. These are
used to supply drinking water to the East
Pilbara Water Supply Scheme (Lower
Yule) and to mining operations (Lower
Fortescue). Groundwater salinity is low
where recharge is received from modern
drainage lines and becomes more saline
with increasing distance. Little runoff
is generated in this province, but it
receives water from most of the others.
The Carnarvon sedimentary basin
extends into the province in the west,
as shown by the Trealla Limestone and
Yarraloola Conglomerate in Figure 14,
but these formations are better
represented in the Ashburton Robe
region to the south-west. Under a wet
future climate, the runoff in this province
may increase by about 27%, but it may
decrease by about 40% under a dry
future climate.

Iron ore transport by rail
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Figure 14 Schematic cross-section of the Coastal Plain Hydrogeological Province

Basis of the Assessment
Weather observations were more plentiful and widespread
in the 1950s and 1960s, when there were sheep stations
throughout the region. More recently, iron ore mining
companies have been recording climate data and streamflows
at mine sites. However, these latter monitoring data are not
yet long term and may not have the longevity of past gauging
if they cease when mining moves or ends. Long-term surface
water gauging is especially limited.

Groundwater and GDE investigations are intensive where there
are valuable drinking water resources associated with alluvial
aquifers and at mine locations. The Assessment has used the
available long-term data and specific studies to draw a regional
picture, which hopefully puts the more intensive studies into a
broader context.

Water discharging from fractured rock into a gorge in the Hamersley Range
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IMPORTANT DISCLAIMER
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research. The reader is advised and
needs to be aware that such information
may be incomplete or unable to be used
in any specific situation. No reliance
or actions must therefore be made
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prior expert professional, scientific and
technical advice. To the extent permitted
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and consultants) excludes all liability
to any person for any consequences,
including but not limited to all losses,
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contained in it.
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