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1. Introduction  

Rio Tinto have undertaken a Study (desktop and field survey) of riparian vegetation and assessed the 
potential for Groundwater Dependant Ecosystems (GDEs) to support the environmental impact 
assessment of the Greater Paraburdoo Iron Ore Hub Proposal (the Proposal). This impact assessment 
will consider the potential environmental impacts of abstraction, dewatering and discharge associated 
with the Proposal and ongoing operations and as such the presence, abundance and characteristics of 
any local GDE’s is of relevance.  

This Study identifies, characterises and contextualises potential GDE's within and surrounding the 
Proposal and uses: aerial photo interpretation; remote sensing tools (NDVI persistence mapping); 
historical flora and vegetation surveys, select field investigations and targeted surveys to assess 
relevant riparian systems in and around the proposed Development Envelope, hereafter known as the 
Study Area. 

This report has been prepared to address the information requirements outlined in the Environmental 
Scoping Document (ESD) for the Environmental review Document (ERD) as presented in Table 1-1. 

Table 1-1: Work required to address riparian/GDE associated with the Proposal 

ESD 
item # Description 

Flora and Vegetation 

5 

Assess the potential direct and indirect impacts of the construction and operational elements of the 
proposal on identified environmental values.  
Include an assessment of impacts to groundwater/surface water dependent vegetation, including riparian 
vegetation.  
Include a quantitative assessment of levels of impact on significant flora, listed ecological communities and 
all vegetation units.  
Describe and assess the extent of any cumulative impacts within local, regional and State contexts as 
appropriate. 

Inland Waters 

46 Assess the nature, extent and duration of potential impacts of groundwater abstraction with a focus on 
possible impacts to groundwater dependent ecosystems 

1.1. Groundwater Dependent Ecosystems – Background 

Groundwater-Dependent Ecosystems (or GDEs) are ecosystems that rely upon groundwater for their 
continued existence (BoM 2019). GDE’s can be represented by many different assemblages of biota 
which rely on groundwater, and as a result come in many forms.  

For terrestrial systems there are three key types of GDE (BoM 2019); 

1. Aquatic ecosystems; that rely on the surface expression of groundwater – this includes 
surface water ecosystems which may have a groundwater component, such as rivers, wetlands 
and springs.  

2. Terrestrial ecosystems; that rely on the subsurface presence of groundwater–this includes all 
vegetation ecosystems. 

3. Subterranean ecosystems; this includes cave and aquifer ecosystems. 

 

Aboveground terrestrial GDE’s are typically characterised by the presence of flora species that rely on 
groundwater (i.e. phreatophytes).  Phreatophytes may be classified as either obligate or facultative 
phreatophytes depending on their reliance on groundwater (Eamus et al,. 2016): 
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• Obligate phreatophytes are plants confined to habitats with access to groundwater (via the 
capillary fringe).   

• Facultative phreatophytes are plants that opportunistically utilise groundwater to satisfy a 
proportion of their ecological water requirement (EWR) but will also satisfy their EWR via stored 
soil water reserves.  

This Study has adopted a novel approach to support the process of identifying, characterising and 
contextualising GDEs occurring within the Study Area (up to 17,422 ha for the core study areas and in 
the order of 1 million hectares for the contextual study area).  Put simply; remote sensing analyses have 
been used to guide the desktop identification of the presence, and importantly, absence of potential 
GDE’s.  This in turn was used to guide the distribution of field investigations and resultant confidence in 
the completeness of the associated findings.  

Broadly this Study focused on identifying and mapping significant ‘mesic’ representations of riparian 
vegetation (i.e. occurring in mesic habitats) to determine the value, extent and sensitivity of potential 
occurrences of Groundwater Dependent Vegetation (GDV).  For the purpose of this study, ‘mesic’ 
vegetation is defined as that vegetation with a composition (both overstorey and understorey 
components) indicative of the presence of riparian habitat possessing at least a moderately continuous 
(outside of drought) supply of soil moisture (and potentially surface moisture).  In general, such habitats 
will typically be inhabited by species which are able to be classified as mesophytic or hydrophytic in their 
habitat/environmental preferences. This relatively continuous supply of moisture is indicative of the 
availability of at least intermittent groundwater sources of varying scale. Sources which are of high 
importance to ‘mesic’ riparian vegetation in arid Pilbara climates.  To this end ‘mesic’ vegetation has 
been initially used to identify the presence of potentially significant GDV, which is then used as an 
indicator for the potential presence of:  

• Groundwater Dependent Ecosystems (GDEs) – ecosystems which rely on permanent or 
intermittent access to groundwater to meet some or all their water requirements; or  

• Inflow Dependent Ecosystems (IDEs) 1- ecosystems likely to access a water source in addition 
to rainfall (e.g. surface water, water stored in the unsaturated zone or groundwater).   

In general, the structure and composition of creek line vegetation in the Pilbara tends to be driven by 
the availability of moisture.  As such, the structure and composition of vegetation present is often the 
most reliable indicator of the availability of moisture, providing valuable insight into groundwater 
proximity, surface water permanence and therefore the potential sensitivity of a riparian ecosystem to 
fluctuations in water availability.   

This insight is important as there are often no good alternatives (at a finer scale) for establishing moisture 
persistence in an area.  This is generally due to; historical records not being extensive or detailed enough 
to determine if a site possesses moisture (groundwater or surface water) permanency, difficulties in 
accurately interpolating underlying water table heights (often from a limited number and spread of 
groundwater bores) and the high degree of influence and inherent variability which climatic factors can 
provide from year to year. 

In larger riparian systems of the Pilbara, groundwater can typically be contained within shallow, 
unconsolidated sedimentary aquifers close to the surface (Landman 2001).  These shallow aquifers 
often support riparian vegetation which can be classified as a GDE.  A GDE is an ecosystem (typically 
identified by the presence of Groundwater Dependent Species (GDS) and GDV) that requires the 
presence or input of groundwater to maintain some or all of its ecological function, composition, or 
structure (Eamus and Froend 2006; Murray et al. 2006).   

                                                      

1 Refer to Section 1.1.6 for a modified definition of this term which is introduced by the Beareau of Meterology as part of the 
australian Groundwater Dependent Esosystems Atlas (Bom 2019).   
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Such ecosystems are associated with terrestrial vegetation complexes, river base flow systems, 
wetlands, and caves (Hatton and Evans 1998).  GDEs can have various levels of dependency on or 
utilisation of groundwater, ranging from complete dependence to occasional supplementary use.  It is 
for this reason it is important to define the vegetation present and to estimate the likely dependence of 
such vegetation on groundwater and surface-water sources so as to contextualise the potential influence 
of local scale anthropogenic hydrogeological impacts.  

Although GDEs only cover a comparatively small proportion of the land surface, they provide specific 
ecosystem functions supporting unique and important biological diversity at both local and regional 
scales (Thurgate et al. 2001; Boulton and Hancock 2006; Humphreys 2006; Murray et al. 2006).  In 
addition to environmental benefits, GDEs often have significant social, economic, and spiritual values 
(Murray et al. 2006).  Protection of GDEs is commonly considered an important criterion in sustainable 
water resource management, particularly when human water management is in competition with 
environmental water demands.   

1.1.1. Groundwater Dependent species  

GDE’s tend to support relatively dense and diverse vegetation communities.  Such vegetation tends to 
contain an above average proportion of mesophytic or potentially hydrophytic species which often thrive 
in areas where groundwater proximity (or other sources of increased moisture) significantly increases 
the availability of moisture.  It is these species, which are indicative of the presence of perennial to sub-
perennial (and ephemeral) mesic conditions/habitats; which are typically quite restricted in their 
distribution and extent and therefore of elevated value. In an arid climate like the Pilbara; this elevated 
value is attributed to the restricted nature of such mesic conditions, and the values provided by the 
moisture they harbor.   

Species that broadly utilise groundwater are referred to as phreatophytes, and they may be classified 
as either obligate or facultative phreatophytes depending on their level of dependence on groundwater.  
Obligate phreatophytes are plants that are completely or highly dependent on groundwater.  This 
dependence can be continual, seasonal or episodic.  Obligate phreatophytes tend to be associated with 
surface expressions of groundwater rather than purely the subsurface presence of groundwater 
(although not always), and they are highly sensitive to large changes in groundwater regime and 
respond negatively to rapid groundwater drawdown. Not all phreatophytic species display the same 
degree of dependency on groundwater and the dependency within species has been shown to vary both 
spatially and temporally (Eamus and Froend 2006).  Obligate phreatophytes are those species for which 
access to groundwater is critically important to their presence in the landscape.  Such species can only 
inhabit areas where they have access to groundwater in order satisfy at least some proportion of their 
EWR (Eamus et al. 2006).   

Facultative phreatophytes are plants that can access groundwater but are not totally reliant on 
groundwater to fulfil their water requirements.  Rather, they utilise groundwater opportunistically, 
particularly during times of drought when moisture reserves in the unsaturated (vadose) zone of the soil 
profile become depleted.  Facultative phreatophytes may utilise groundwater to satisfy a proportion of 
their EWR but, if required, may also satisfy their total EWR via stored soil water reserves (Eamus et al. 
2006). Facultative phreatophytes are generally associated with the subsurface presence of groundwater 
rather than surface water.  Most facultative phreatophytes are large woody trees and shrubs with deep 
root systems capable of accessing the capillary fringe of the water table which may occur at considerable 
depth within the soil profile. 

Table 2-1 presents the different classes of groundwater dependence (water use strategies) relevant to 
tree species in the Pilbara, and the most relevant species considered as being attributable to each. This 
table has been produced through the synthesis of a number of references on the subject along with the 
author’s observations of species/gruondwater height interactions across multiple sites in the Pilbara (Rio 
Tinto 2019a).  
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Table 1-2: Tree species dependence on groundwater 

Species 
dependence on 

Groundwater 
Plant Physiology/water use strategy Relevant Species in the Pilbara 

High Obligate phreatophyte Melaleuca argentea  

Moderate Facultative phreatophyte (in anomalous 
cases can be a vadophyte) Eucalyptus camaldulensis Sesbania formosa2 

Low to Moderate  Facultative phreatophyte / Vadophyte3   Eucalyptus victrix and Eucalyptus xerothermica, 
?Corymbia candida/aspera 

Low (virtually 
negligible) Vadophyte / Xerophyte4 Eucalyptus leucophloia, Corymbia 

hamersleyana, Corymbia deserticola and others. 

It is generally recognised that obligate phreatophytes are those species with the highest degree of 
groundwater dependence, and as such are often the best indicator of consistently shallow groundwater 
tables, or permanent surface water presence.  Furthermore, the structure and composition of creekline 
vegetation is generally considered to be heavily driven by the degree and consistency of moisture 
availability.   As a result, the structure and composition of vegetation types present in a riparian system 
is an important longer term indicator of groundwater proximity and surface water permanence.  
Furthermore, such insight to the degree of moisture permanency also provides insight into the 
associated values and significance of a riparian ecosystem.  It is for these reasons that often the most 
reliable and effective indicator for moisture permanency and therefore inherent hydrological sensitivity 
is the composition and structure of vegetation present.  

Such concepts underpin the basis for a potential conservation framework for terrestrial and aquatic GDE 
features in the arid zones of Australia’s North.  The concept relies on the fact that there are inevitably a 
suite of species in any region who’s distributions are inherently restricted in the environment due to their 
sensitivity to variability in water access; i.e. which possess decreased ability to persist in areas which 
periodically dry out.  In effect the presence of at least some of these species in a riparian habitat 
becomes a good indicator of increasing degrees of consistency in moisture availability (or high water 
permanence) and thus indicative of a hydrological refuge. By this logic; habitats possessing increasing 
numbers of species which are most indicative of high water permanence (and thus which cannot exist 
without perennial moisture availability) represent increasingly restricted, and important refugial habitats 
for mesophytic/hyrophytic diversity.  In addition, these habitats invariably support restricted faunal 
assemblages who also need permanent access to moisture.   By understanding which species indicate 
increasing degrees of moisture permanence and where they might sit on this scale, we can also use the 
presence, composition and relative abundance of these species to help quantify, values, ecosystem 
services and ultimately riparian significance.  

A recently listed (2018) Priority Ecological Community (PEC) by DBCA (The Department of Biodiversity, 
Conservation and Attractions), introduces some of these concepts in a conservation context and 
provides a description of some of the values which are associated.  The PEC is titled: Riparian flora and 
plant communities of springs and river pools with high water permanence of the Pilbara, and is described 

                                                      

2 Sesbania formosa may be an obligate phreatophyte. Environmental data would definitely suggest it is a phreatophyte, but 
there is some question as to whether its groundwater use strategy is obligate in nature. 

3 Vadophytes are plants, commonly associated with drainage lines which rely on moisture in the soil surface profile, and are 
independent of groundwater. 

4 Xerophytes are plants which are adapted to dry environments. Xerophytic adaptations including waxy covering over the 
stomata, very few stomata, or stomata that only open at night, the development of a dense, hairy leaf covering, the ability to 
drop leaves during dry periods, the ability to reposition or fold leaves to reduce sunlight absorption all prevent water loss, 
while fleshy stems or leaves store water. 
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as including flora with restricted distributions or populations that are highly disjunct or are major range 
extensions from northern and eastern Australia (DBCA 2019). Detail in its description indicates that; in 
the Pilbara these taxa are almost exclusively restricted to the riparian zones of permanent wetlands with 
high soil moisture maintained by groundwater flows.  

To help identify these values (and potential degrees of groundwater dependence) at a fine scale, and 
with increased detail it is important to understand the habitat specificity of different 
mesophytic/hydrophytic species and thus how reliant they may be on varying degrees of water 
availability/consistency.  In the Pilbara, a non-exhaustive list of mesophytic/hydrophytic species 
indicative of sub-perennial to perennial moisture availability is likely to contain many of the taxa listed in 
Table 1-3 (in conceptual order of importance/usefulness and therefore decreasing reliance on 
consistent/elevated moisture availability; refer to Table 1-4 for further detail) (adapted from information 
provided by WAH (2019), ALA (2019b), and Pilbara environmental observations by J. Naaykens).   

As a result, riparian zones or water gaining sites which contain obligate phreatophytes (such as 
Melaleuca argentea) and a number of the following species are considered to provide good evidence of 
high moisture availability and its degree of persistence/permanence. 

 

Table 1-3: Pilbara mesophytic/hydrophytic species likely to indicate sub-perennial to perennial moisture 
availability. 

Species  Lifeform 
Melaleuca argentea Tree 

Sesbania formosa Tree 

Eucalyptus camaldulensis Tree 

Eucalyptus victrix Tree 

Cladium procerum Macrophyte/sedge 

 Imperata cylindrica Reed/Grass 

Acacia ampliceps Shrub 

Cullen leucanthum  Shrub 

Melaleuca bracteata Shrub 

Pteris vittata Macrophyte/sedge 

Adiantum capillus-veneris L. Fern 

Lobelia spp. Herb 

Stylidium spp. Herb 

Melaleuca linophylla  Shrub 

Melaleuca glomerata Shrub 

Atalaya hemiglauca Tree 

Acacia coriacea subsp. pendens Tree/shrub 

Phoenix dactylifera (Date palm) Palm 
Various sedge spp. including Schoenus spp., 
Baumea spp., Fimbristylis spp., etc. Macrophyte/sedge 

Cyperus iria Macrophyte/sedge 

Marsilea spp. Macrophyte/fern 

Potamogeton spp. Aquatic Macrophyte 

Typha domingensis Macrophyte/sedge 

Muehlenbeckia spp.  Macrophyte/shrub 

Cyperus vaginatus Macrophyte/sedge 

Schoenoplectiellia/Schoenoplectus spp. Macrophyte/sedge 
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Species  Lifeform 
Eleocharis spp. Macrophyte/sedge 

Fuirena ciliaris (L.) Roxb. Macrophyte/sedge 

Gossypium sturtianum Shrub 

Acacia citrinoviridis Tree 

Acacia sclerosperma Shrub 

Peplidium sp. E Evol.  Herb 

Sesbania spp. Shrub 

Sorghum spp. Grass 

Eragrostis surreyana Grass 

Vallisneria nana Aquatic Macrophyte 

Senecio hamersleyensis Shrub 

Geijera salicifolia Tree 

Commelina ensifolia R.Br. Herb 

Trigonella suavissima Lindl. Herb 
Note: Species in bold identify some of the best upper level indicators of moisture availability / permanence 

Outside of the list provided within Table 1-3, the following keystone Pilbara phreatophytes (and thus 
mesophytic/hydrophytic species) are well accepted as species indicating the potential presence of 
GDV and thus a GDE within the hot tropical regions of Australia’s North West.  

1.1.2. Melaleuca argentea 

In the Pilbara, Melaleuca argentea (M. argentea) is thought to depend on groundwater almost 
exclusively and is therefore considered to be an obligate phreatophyte (Lamontagne et al. 2005; Graham 
et al. 2003, Landman et al. 2003; McLean 2014, O’Grady et al. 2006).  

Due to its dependence on groundwater, M. argentea is often the best indicator of consistently shallow 
groundwater tables or permanent (perennial) surface water presence and subsequently, this species is 
also widely considered the best available indicator for the presence of GDV and therefore a GDE. 

1.1.3. Eucalyptus camaldulensis 

E. camaldulensis is a small to large tree (typically 5 m to 20 m but can grow to more than 30 m) with 
smooth white bark and a generally spreading form.  This species displays a great diversity in height, 
form, trunk and leaf morphology (WAH 2019, Collof 2014).  

E. camaldulensis is one of the most iconic and broadly distributed Eucalyptus species in Australia and 
more is known about this species than nearly all others.  Across its broad geographic distribution, 
E. camaldulensis populations display high genetic diversity with regard to hydraulic architecture, water 
relations and salt tolerance, reflecting how different populations have evolved and adapted to local 
climates and hydrogeological regimes (Colloff 2014).  Furthermore, this diversity is also shown by the 
various sub-species (there are at least 5 recognised sub-species) known to occur in Australia. In the 
Pilbara, E. camaldulensis is typically represented by E. camaldulensis subsp. refulgens, and subsp. 
obtusa (as well as subsp. arida) and commonly occurs along water courses and river banks, growing in 
deep alluvial sand and sandy loams (WAH 2019).  

Trees in riparian zones exposed to flood events (often in more open areas subject to less competition) 
tend to have short, thick stems with irregular crowns or multiple stems diverging from a short trunk.  
Often stems sprout from epicormic buds in living tissue of the bole or root stock and new stems can 
arise from horizontal stems fallen by flood, fire or windstorms.  In less dynamic environments, fast-
growing trees can grow tall and straight with relatively even form similar to that seen in silvicultural 
plantations.  E. camaldulensis supports a large root system consisting of vertical tap roots with lateral 
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roots branching off at right angles at several levels, and sinker roots extending downwards from laterals.  
Mature trees are thought to have a zone of water influence which will tend to extend at least 20m and 
often can extend to more than 40 m around individuals (Collof 2014). In fact a study by Hulme (2008) 
found examples of lateral root extensions in the order of 100 m.  This extensive reach would suggest a 
significant reliance on soil pore water stored in the vadose zone. 

Vertical sinker roots provide support for the aboveground part of the tree and deep penetration of soil 
over a wider area than would be possible via a single taproot.  Extension of the root system also allows 
for access to oxygen from unsaturated portions of the soil profile during periods of inundation, thus 
enhancing flood tolerance. Mature trees are thought to have roots to depths of at least 9 m to 10 m and 
possibly as deep as 30 m (Davies 1953, cited in Colloff 2014).  Adventitious roots can grow out from 
boles or branches in response to flooding and as a way of increasing oxygen uptake and also as a form 
of vegetative propagation.  Woody roots of this species are known to have large xylem vessels for fast, 
efficient rates of water transport and rapid recovery following water stress (Heinrich 1990 cited in Colloff 
2014). 

E. camaldulensis has the ability to utilise water from a range of different sources including rainfall, 
floodwater, stored soil water and groundwater and is therefore considered to be a facultative 
phreatophyte (Mensforth et al. 1994).  When conditions are favourable, E. camaldulensis tends to 
employ a ‘going for growth’ strategy that involves vigorous growth rates and high rates of uptake and 
transpiration from a dependable water source, often provided by groundwater, river base-flow, or 
floodwaters that sustain groundwater recharge (Gibson, Bachelard, and Hubick 1994; Marshall et al. 
1997; Morris and Collopy 1999).  As a consequence, E. camaldulensis is generally regarded as being 
more reliant on groundwater than E. victrix.  When stressed, E. camaldulensis reduces transpiration and 
water demand by shedding leaves and sometimes also whole branches (particularly lower limbs). 

Where large E. camaldulensis trees are present and common, groundwater is generally within the reach 
of the root zone, and in some environments depth to groundwater is a good predictor of the condition of 
E. camaldulensis stands.  Some studies have observed a sharp decline in tree health and stand 
condition below a threshold depth or around 10 m to 12 m (England et al 2009 cited in Colloff 2014).  
However, some case studies have also shown reasonable resilience in vegetation health when access 
to groundwater is removed.  What is often evident is that not all systems are equal and in certain sized 
catchments (generally larger ones) it appears that the frequency of replenishment of the vadose soil 
resource is great enough to maintain healthy populations of E. camaldulensis without access to the 
water table.  Conversely, there are times where drought may determine that the vadose soil resource is 
inadequate, and in turn fails to sustain local populations. In areas where E. camaldulensis has 
established with groundwater depths at approximately 10 m below ground level (bgl), susceptibility to 
impact from hydrological change may be significantly reduced.  

1.1.4. Eucalyptus victrix  

Eucalyptus victrix (E. victrix) is a small to medium tree (typically 5 m to 15 m, but can grow to more 
than 20 m) with smooth white bark (sometimes with a box type stocking to 1 m) and a spreading form 
that typically occurs on red loamy or sandy soils and clay loams on floodplains, incised channel zones, 
and in low lying areas across the Pilbara and other areas in the north-west of Western Australia (WAH 
2019).  

Mature E. victrix trees commonly support a large dimorphic root system, consisting of a prominent tap 
root and a network of laterally expansive roots near the soil surface and in the top 1 m to 2 m of the soil 
profile, which can extend to at least 10-20 m away from the main stem (and further).  From lateral roots 
vertical sinker roots can also develop and potentially extend tens of metres to water table depth 
(Florentine 1999). 
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E. victrix typically draws the majority of its water requirement from soil pore moisture (the vadose zone) 
however, during extended dry periods E. victrix can also use groundwater opportunistically as required 
and are therefore considered to be facultative phreatophytes.  

Previous studies have shown that when provided with access to groundwater, E. victrix can maintain 
high leaf water potentials and high rates of tree water use during times of drought (O’Grady et al. 2009; 
Pfautsch et al. 2011; Pfautsch et al. 2014).  E. victrix however, also demonstrates a strong ability to 
regulate water losses when water supplies are limited via regulation of stomatal conductance (Pfautsch 
et al. 2014) and structural modifications including leaf die-off, crown defoliation and adjustment of leaf 
area to sapwood area ratio.  Such changes enable trees to maintain constant water use despite 
increasing evaporative demand if sufficient water is available (O’Grady et al. 2009).  Tthe water use 
strategy of E. victrix appears to be highly plastic and opportunistic, enabling survival in a wide range of 
ecohydrological settings (Pfautsch et al. 2014). 

Despite being a relatively plastic species, major adjustments to hydraulic architecture in large trees 
takes time and as such E. victrix growing over historically shallow groundwater exhibits much greater 
susceptibility to hydrological change than trees that have developed over historically deeper 
groundwater, as highlighted in a recent study by Pfautsch et al. (2014).   

Work by Loomes (2010), assessing the range of depth to groundwater over which Pilbara riparian 
species occur, found that in large Pilbara rivers, the mean minimum water level depth occurring under 
E. victrix populations was somewhat greater than that for E. camaldulensis, providing some support for 
the view that E. victrix is found in slightly drier areas than E. camaldulensis and may not be as responsive 
to water table fluctuations (Loomes 2010). 

Mature E. victrix trees display a moderate level of flooding tolerance, and are able to tolerate temporary 
inundation in the range of weeks to months at most.  The presence of adventitious roots and stem 
hypertrophy (the ability to increase the size of component cells) provides a level of tolerance to 
waterlogging in seedlings and saplings, allowing them to survive in flood-prone areas (Florentine 1999; 
Florentine and Fox 2002a).  In fact, flooding events are believed to play a major role in the reproductive 
cycle of E. victrix, particularly for seedling establishment (Florentine and Fox 2002b). 

1.1.5. Other key potentially Groundwater Dependent Species (GDS) 

Several other key woody shrub species which occur in the Pilbara and are either potentially 
groundwater dependent or are associated with GDE’s are as follows (in decreasing order of 
importance): 

• Acacia ampliceps; 

• Melaleuca bracteata; 

• Melaleuca glomerata; 

• Melaleuca linophylla; and  

• Acacia coriacea subsp. pendens.   

Significantly less is known about the groundwater dependence of these species when compared to the 
key phreatophytic tree species discussed above.  A large part of this is likely linked to the shallower 
roots systems possessed by such species, as well as the degree to which each represents a dominant 
structural element in Pilbara riparian systems.  Whatever the case they consistently appear to indicate 
elevated consistency of water availability, and so appear to be linked to the proximity of groundwater 
resources.  

Further to the list of species provided in Table 1-3, consideration of degrees of spatial correlation 
between species presence /absecnec adta and with anomalously persistent vegetation and surface 
water (detected using NDVI/NDWI persistence mapping; as per Barron 2012) has recently led the author 
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to develop a draft categorisation  of key ‘mesophytic/hydrophytic’ indicator species.  The scale which 
this characterisation presents has relevance for interpreting degrees of consistency in water availability. 
This work is in its infancy, and at this stage does remain somewhat speculatory in as much as it has not 
yet been suitably backed by empirical data.  It is however the result of a large amount of on-ground work 
in this space which is yet to be formally written up and which so far appears to indicate significant merit. 
Work is also underway to validate and refine this characterisation via physiological measures of water 
use efficiency and Carbon/Nitrogen allocation as proxies for the relative water use strategy employed 
by the included species. This characterisation framework is provided in Table 1-4 and is supplementary 
to those keystone phreatophyte species listed in Table 1-2 (and Table 1-3), for which good 
ecophysiological data is available.  As a result the species in Table 1-4 are currently useful for 
consideration when assessing degrees of moisture permanence (and potentially groundwater 
dependence) within riparian communities. As you move from right to left along the table, listed species 
are increasingly unlikely to maintain viable populations from year to year if the riparian habitat in question 
experiences dry periods either annually, inetrannually, or decadal time scales. As indicated, this 
framework is in a draft state, and requires further empirical data and validation to gain adequate support. 
The aim of introducing it to the biodiversity survey and assessment space is for other environmental 
practitioners to test its application, further validate or reject it, and where appropriate/valuable, apply to 
other pieces of work in this space.   



 

Riparian Vegetation and Associated Groundwater Dependent Ecosystems – Targeted Survey of the Greater Paraburdoo Operations 
Greater Paraburdoo Iron Ore Proposal  9 

Table 1-4: Draft (2020) Pilbara mesophyte/hydrophyte species characterisation table for interpreting increasing degrees of consistency/permanence of moisture 
availability (i.e. consistently mesic/hydric conditions).  

 Increasingly Mesophytic / Hydrophytic indicator species 
  
Key GDE habitat 

type  

Very High level  High level Moderate Level Low level  
i.e. soil moisture availability or 

surface water availability is 
perennial  

i.e. soil moisture availability or surface 
water availability is perennial to sub-

perennial 

i.e. soil moisture availability or surface 
water availability is sub-perennial 

i.e. soil moisture availability or surface water 
availability is sub-perennial to ephemeral 

Terrestrial 
Habitats                                 

- I.e. habitats with 
increasingly 
consistent 

subsurface soil 
moisture only 

Sesbania formosa Acacia ampliceps  Gossypium sturtianum  Melaleuca glomerata  

Samolus spp. (verging on aquatic)  Cullen leucanthum  Adriana tomentosa  Acacia coriacea subsp. pendens  
Imperata cylindrica  (verging on 
aquatic) Melaleuca bracteata  Melaleuca linophylla  Atalaya hemiglauca  

  Myoporum montanum  (southern 
Pilbara species) 

Plumbago zeylanica (becoming 
common/abundant)  Plumbago zeylanica (isolated occurrences)  

  Ficus virens  Dodonaea lanceolata  Acacia sclerosperma 

  Ficus aculeata (common abundance) Ficus aculeata (scattered to isolated 
abundance)  Cyperus vaginatus (scattered abundance) 

  Gymnanthera cunninghamii (abundant) Cyperus vaginatus (abundant to highly 
abundant)   

   Phyllanthus baccatus    
   Abutilon amplum   

  Gymnanthera cunninghamii (isolated to 
scattered abundance)  

Aquatic 
Habitats                                 

- I.e. surface water 
habitats                             

(including sub-
surface moisture) 

 Phragmites karka  Imperata cylindrica Potamogeton spp.  Cyperus vaginatus (abundant)  

Cladium procerum Pteris vittata Schoenoplectus laevis and spp.  Typha domingensis (scattered) 

 Eriocaulon cinereum Baumea juncea  Eleocharis geniculata  

  Schoenus falcatus  Ammannia baccifera  

  Stylidium spp. (i.e. all species in genus) Chara spp. (and other similar aquatic taxa) 

  Samolus spp.  Myriophyllum spp. (and other similar aquatic taxa) 

  Fimbristylis sieberiana  Typha domingensis (Common/Abundant) 

Note: in some cases the abundance of a particular species is noted as the determinant for its inclusion in deferent indicator categories. Where only a genus is listed; includes all species 
in that genus. Known pilbara phretaophytes have been excluded from this characterisation. 
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1.1.6. GDE’s concepts and relevant terminology 

Groundwater comes in many forms and occurs on many scales (eg. micro aquifers perched on clay 
lenses versus short alluvial aquifers versus broader local lithological aquifers etc.), and as such there is 
often high uncertainty about the source(s) of groundwater which vegetation might depend on, and our 
ability to influence these sources.  Furthermore; all water used by plants comes from the ground, and 
so the complex interactions and interdependencies which occur between vadose ground water (sourced 
from direct rainfall and surface water flows) and the suite of micro, small and large scale aquifers 
potentially supporting riparian communities, makes defining GDE’s a difficult process.  In most cases it 
requires detailed and resource-intensive work conducted at a fine scale in order to define their 
groundwater dependence and likely impact from proposed development.  Importantly these types of 
investigations can be lengthy and expensive and don’t integrate well with the risk based assessment 
approach associated with traditional EIA methods.  

The Bureau of Meteorology, who developed and manage the GDE Atlas of Australia (BoM 2019) have 
dealt with this issue by using alternative terminology for features other than those ecosystems which 
are known to be GDE’s.  Ecosystems that could not be confidently identified or inferred as GDE’s due 
to lack of data, but which may in reality be using groundwater, are considered as potentially Inflow 
Dependent Ecosystems (IDE) (SKM 2012).  IDE’s are defined in the Atlas as vegetation ecosystems 
that are likely to use a water source in addition to rainfall, such as water stored in the unsaturated zone, 
surface water or groundwater. In general this terminology is applied in the Atlas because for much of 
the continent it’s not yet clear whether riparian formations5 represent GDE’s; generally due to a lack of 
hydrological/ecological data or complexities around groundwater sources potentially being accessed. In 
the Atlas they are presented using likelihood mapping which infers some level of risk that GDE’s may 
be present. IDE layers (presented as GIS layers within the Atlas) allow the presentation of a more 
complete understanding of the likely water use of ecosystems analysed during development of the GDE 
Atlas.  

IDE terminology and logic can also be applied to ‘mesic’ riparian formations which are potentially 
groundwater dependent, but where it’s not yet clear whether they represent GDE’s due to; a lack of 
hydrological/ecological data or because they are likely dependent on aquifers stored in lithological or 
alluvial formations which are either small to micro in scale, or intermittent/seasonal in nature.  Generally 
these small to micro scale groundwater features are not clearly indicated in the hydrological data on 
account of their size/seasonality, and as such they fit more appropriately into the low-data/low-
confidence category as an IDE.  Alternatively IDE features which generally possess lower abundances 
of known phreatophytes, but which occur on creek lines receiving surface water regimes of elevated 
magnitude/frequency, can also reasonably be considered to depend on seasonal surface water 
recharge events (i.e. inflow dependent) and associated residence times of vadose and micro scale 
groundwater sources.  As a result the remainder of riparian features are classified as GDE’s when they 
are either known/demonstrated to be GDE’s (through hydrogeological or ecological data), or can 
realistically be inferred to be GDE’s due to groundwater data indicating the presence of moderate to 
larger scale aquifers in reach of resident vegetation.  For the purpose of the current study this will be 
the preferred definitions/distinctions relevant to the ‘GDE’ and ‘IDE’ terminology.  

  

                                                      

5 In this document the term “Riparian Formation” (or vegetation formation) is reffering to a non-descript potentially unbounded 
section of riparian vegetation which is of interest/question for whatever reason. It’s not necessisarily representing a particular 
vegetation unit, but more often than not is reffering to a section of enhanced vigour, structure or density, or associated with a 
certain reach or fluvial profile of interest. In simple terms it’s purely a section/area of riparian vegetation of interest.   
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BoM GDE Atlas terminology for IDE defines it as: 

Ecosystems that are likely to be using another source of water in addition to rainfall. IDEs include 
groundwater dependent ecosystems as well as ecosystems which rely on sources of water other 
than rainfall (e.g. surface water, water stored in the unsaturated zone, irrigation) (SKM 2012). 

In many cases, within arid tropical regions, riparian formations likely to be at least partially supported by 
groundwater or other inflows tend to exhibit and possess similar characteristics which can be more 
broadly described as being representative of a ‘mesic’ environment/habitat.  One where specific 
overstorey and understorey components establish in increasing abundance (or proportion to ‘ephemeral’ 
biota) in response to increasing degrees of moisture availability.  While the source of this moisture is 
often not yet clear, and in some cases could be purely from surface water inflows (but in more ‘mesic’ 
cases is likely to be linked to some type of aquifer), what’s initially most important is identifying the 
presence, magnitude and characteristics of such ‘mesic’ communities.  On the flip side, riparian 
representations not indicating the presence of moisture levels elevated above that expected in typical 
arid zone riparian formations can be appropriately termed as more ‘ephemeral’ in nature and thus of low 
to very-low risk of being groundwater dependent.  

Establishing the presence and characteristics of ‘mesic’ communities and their distribution in an area 
can then form the inventory with which to further study, assess and thus predict potential for impact as 
a result of proposed hydrological change in the areas of elevated risk.  For these reasons, the following 
assessment tends to favour the use of the concept of identifying and classifying ‘mesic’ riparian 
formations (as opposed to more ephemeral riparian communities), rather than the identification of GDV 
and GDE’s.  However; while the terminology is relatively interchangeable, the ‘mesic’ terminology is 
more appropriate for all representations identified given that work to understand the scale, connectivity 
and variability of the supporting water sources has not yet been done for all. 

Given the potentially variable water use strategies of phreatophytic species in the Pilbara, 
it becomes important to distinguish between these lower sensitivity groundwater dependent 
ecosystems/vegetation, and those which are truly phreatophytic and therefore depend on 
groundwater almost exclusively to meet their water requirements.  To address this 
disparity, the terms ‘Facultative Phreatophytic Vegetation’ (FPV) and ‘Obligate 
Phreatophytic Vegetation’ (OPV) are proposed to provide distinction between the 
facultative, often markedly less significant/sensitive phreatophytic vegetation and those 
high value communities possessing obligate phreatophytes.  Note; these are not well-
recognised terms, and have been created for the purpose of this and other related studies 
from other associated, well accepted terms such as obligate phreatophytes and GDV. 

For the purpose of this study, OPV is defined as representing communities which: 

Encompass vegetation associations and sub-associations, whose structure is at least co-
dominated by one obligate phreatophyte, namely M. argentea (i.e. possesses vegetation 
described as being dominated by one or more species within the tree or tall shrub stratum 
and which includes the species M. argentea as one of these described dominant species).   

FPV is defined as representing communities which: 

Encompass vegetation associations and sub-associations, whose structure is at least co-
dominated by one facultative phreatophyte (typically either E. camaldulensis or E. victrix) 
(i.e. possesses vegetation described as being dominated by one or more species within 
the tree or tall shrub stratum and which includes a FPS as one of these described dominant 
species), but which is not co-dominated by any obligate phreatophytes and which typically 
does not possess Obligate phreatophytes as an associated species.  
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1.2. Study Objectives 

The key objective of this Study was to identify, characterise and contextualise any GDE’s (and potential 
GDE’s) occurring within and surrounding the Greater Paraburdoo 2020 Development Envelope (the 
Study Area).   

The following objectives were also developed:  

1. Gather widespread, detailed and high confidence spatial information on the distribution of all 
riparian vegetation formations (and potentially GDV) in areas that may experience hydrological 
changes as a result of implementation of the Proposal, particularly Obligate Phreatophytic 
Vegetation (OPV) communities that may occur in the Study Area.   

2. To assess structure and maturity of resident OPV communities (if present).  

3. Describe and map all riparian communities (including sensitivity to hydrological changes) 
throughout the Study Area, to a high level of detail, and in a manner prioritising the identification 
of all potential GDEs and their distribution. 

4. Identify, map and interpret the significance of all relevant riparian community representations (and 
associated ephemeral communities) within the Study Area for the purpose of contextualising 
potential impacts to communities as a result of implementation of the Proposal, and allowing 
better sub-regional understanding of the distribution of such communities.  

5. Contextualise the significance of GDE’s identified in the main Study Areas by identifying and 
broadly characterising the GDE features present within the broader locality (i.e. within a 100km 
radius of the Paraburdoo operations).  

1.3. The Study Area 

The Study Area is comprised of four focus areas:   

• Study Area 1: 

− 1A - the riparian communities associated with Seven Mile and Pirraburdu creeks in the 
vicinity of the existing mine operations and the proposed expansion at Paraburdoo. 

− 1B - the riparian communities associated with Turee Creek in the vicinity of the Channar 
Borefield, including Neerambah Spring and Mud Spring. 

• Study Area 2 - the potentially significant riparian features within the Development Envelope. 

• Study Area 3 - the potentially significant riparian features surrounding the Development 
Envelope. 

• Study Area 4 - the remainder of the significant riparian features occurring in the broader locality 
(within a 100 km radius) centred on the existing Paraburdoo operations.  

Study Areas are presented in Figure 1-1.   

These Study Areas were developed in order to apply a commensurate degree of field/desktop 
investigation for key areas/creeklines based on their relevance and proximity to the proposed 
development and risk of potential impact to GDE’s.  The order listed above indicates the degree of 
survey/desktop effort, with greatest effort provided to 1A; Seven Mile and Pirraburdu creeks in the 
vicinity of the Paraburdoo mining operations (PO).  The suite of sites investigated and the large reach 
of the study was done in order to ensure that the study results and the riparian mapping, ‘mesic’ habitat 
identification and GDE assessments conducted, provided adequate contextual information about the 
distribution of relevant communities throughout the Study Area and the broader locality.  By considering 
the broader locality, the study is able to give some comment on the local, sub-regional (and potentially 
regional) significance of the higher value communities present in the Study Areas. 
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Figure 1-1: Greater Paraburdoo Study Areas
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2. Background Information 

2.1. Local Hydrology and catchment characteristics 

Within the Greater Paraburdoo locality, there are four key creeks of relevance to the mining operations. 
In order of relevance these are:  

1. Turee Creek (Main) (approximately 5,000 km2 catchment); 

2. Seven Mile Creek (approximately 1,100 km2 catchment); 

3. Pirraburdu Creek (approximately 500 km2 catchment)’ 

4. Six Mile Creek (approximately 100 km2 catchment). 

All of these creeks flow to the south and eventually meet with the Ashburton River.  In the vicinity of their 
confluence with the Ashburton River, approximately 40-50,000 km2 of catchment reports to the River.  

A series of more minor creeklines and tributaries to these larger creeks are distributed throughout the 
greater Paraburdoo locality.  Some other creeks of note are Tableland Creek to the north (which 
supports some spring and GDE type features; e.g. Palm Spring), Geode Creek (which includes Howie’s 
hole and Doggers Gorge Spring).  Figure 2-1 provides mapping of the major and minor drainage systems 
of the Greater Paraburdoo locality in relation to Study Areas 1-3. 

Relatively small spring type formations appear to be intermittently present and not uncommon in the 
drainage systems to the north of the Paraburdoo Ranges.  These springs appear to be associated with 
the Basalt/Meta-basalt geologies which broadly dominate the upland country to the north of the PO 
(Paraburdoo Operations), and the catchments of Seven Mile, Pirraburdu, Bellary, Tabletop, and Turee 
East branch (sections of) Creeks (Department of Mines and Petroleum 2010). Outside of valley floor 
landforms, the watershed characteristics of these Basalt/Metabasalt formations (broadly representing 
the Marandoo Land System) are understood to facilitate very minimal groundwater infiltration/recharge 
(Kepert 2018).  As a result, this low infiltration is thought to significantly increase water-shed following 
rainfall, effectively leading to a much higher percentage of rainfall being transported into drainage and 
out of the catchment.  This low infiltration within local bedrock is also thought to lead to an increase in 
small scale fractured rock and valley floor aquifers which intermittently accumulate in and around 
drainage features.  While these hydrological characteristics are thought to be largely responsible for 
some of the more productive riparian features along larger drainage features in this zone, such as those 
on Bellary Creek, the other significant smaller scale features of the locality are also dependent on such 
characters.  Some of the more significant of these features on small to minor size drainage occur on 
Tabletop Creek, while the remainder occur on various minor drainage systems scattered throughout the 
Basalt/Metabasalt country of the Marandoo Land System. 

Watershed characteristics such as those described may be partly responsible for the increased 
productivity of vegetation occurring on valley floor representation of Seven Mile and Pirraburdu creeks.  
Such characteristics increase the water shedding tendencies of the upstream catchments in the 
geologies of the Fortescue Group.  This then increases the frequency and volume of surface water flows 
being delivered to the valley floor and lower portions of the catchment. When these flows reach the 
valley floor and then interact with ironstone derived substrates and the stratigraphy of the Hamersley 
Group; infiltration and thus local groundwater recharge is increased.  Invariably, at least partial 
aquaclude’s such as those potentially derived from McRae Shale Formations (and local dyke features) 
tend to trap and store the comparatively higher frequency surface flows of the basalt dominated 
catchments.  Ultimately this can lead to the development of geological and alluvial aquifers within reach 
of local riparian vegetation.  Such processes may at least partially explain the relative larger size and 
productivity of the riparian formations present at the catchment interface with the Paraburdoo Range. 
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Figure 2-1: Major and minor drainage systems of the Greater Paraburdoo locality
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2.2. Local Hydrogeology 

The hydrogeology of the Paraburdoo 4East mining area is complex due to compartmentalisation by a 
number of structural controls (geological) and low permeability layers.  The interaction between surface 
water in Seven Mile Creek (SMC) and the underlying and adjacent groundwater hosted within fractured 
bedrock have an important bearing on the water balance and the transient nature of recharge discharge 
processes. 

Groundwater in the Study Area is hosted within thin alluvials within Seven Mile Creek (i.e. the SMC 
Aquifer) and underlying and adjacent Wittenoom Formation (FRA WF Aquifer) and Brockman Iron 
Formation (FRA/MIN BRK Aquifer).  A low permeability shale layer (MTS/MCS) is a major aquitard 
between the FRA WF and FRA/MIN BRK Aquifer) (Rio Tinto 2019c). 

Large annual rainfall events within the Seven Mile Creek catchment result in significant runoff and 
flooding within Seven Mile Creek and full saturation of the SMC Aquifer. 

Hydrochemical trends suggest that groundwater within the SMC Aquifer progresses down gradient with 
losses associated with evapotranspiration from riparian vegetation and infiltration to the underlying 
aquifers.  The majority of infiltration losses occur to the FRA WF and MIN/FRA BRK aquifers, which 
underlie the SMC Aquifer adjacent to the Paraburdoo 4 East mining area (Rio Tinto 2019c).. 

Groundwater that recharges to the FRA WF aquifer is bound to the south by the very low permeability 
MCS/MTS barrier resulting in minimal through-flow to the MIN/FRA BRK aquifer.  Within Seven Mile 
Creek groundwater is very shallow north of the MCS/MTS barrier supporting Riparian Vegetation. 

Abstraction within the MIN/FRA BRK aquifer has occurred since 2001 resulting in cone of depression 
extending 5km to the south within the WW Formation, with only minimal drawdown observed north of 
the MCS barrier. Within the 4East mining area groundwater levels have reduced from 340 to 280mRL.     

Abstraction within the MIN/FRA BRK aquifer has occurred since 2001 resulting in cone of depression 
extending 5km to the south within the WW Formation intersection XXX creek (its not labelled on the 
Fig), with only minimal drawdown observed north of the MCS barrier. Within the 4East mining area 
groundwater levels have reduced from 340 to 280mRL. Total drawdown observed within groundwater 
monitoring bores since abstraction commenced in the 4 East and 4West mining areas in 2001 is 
presented in Figure 2-2 (Rio Tinto 2019c). 

The 4EE mining pit will progress until 2039 with the final mining bench at 110mRL. Below water table 
mining will commence ~2023 and the groundwater level will be lowered by additional ~150m over ~16 
years.  A numerical model based on the hydrogeological conceptual model presented above, predicts 
that ~150 GL will need to be abstracted, with advance dewatering, required to meet the mine plan, to 
commence late 2021.  Figure 2-3 shows modelling for total predicted drawdown (wet season) required 
to meet the life of mine plan; in metres from 2001 levels in the 4 East groundwater area. Please mention 
the creek name again in relation to the drawdown 

Abstraction is required to dewater the orebody (FRA/MIN BRK Aquifer), reducing groundwater level from 
270 to 100mRL to facilitate dry ore extraction, and improve geotechnical stability in the north pit wall by 
reducing groundwater levels in the FRA WF aquifer and decrease pore pressures in the Mount McRae 
Shale.  Upstream of the MCS/MTS barrier, abstraction from the FRA WF Aquifer is likely to propagate 
along strike and, where in hydraulic connection, may reduce groundwater levels in the SMC alluvial 
aquifer (Rio Tinto 2019c). 

An extensive groundwater monitoring network is in place and will be continually assessed for its 
suitability to manage draw down and to manage potential impacts on the ecology of the creek.  Rio Tinto 
has a defined Water Strategy that guides water management within the Group. This strategy requires 
an integrated approach to water management that promotes, maintains or improves water quality, 
minimises fresh water use and maximises reuse and recycling. 
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Figure 2-2: Total drawdown observed within groundwater monitoring bores since abstraction commenced at 4 East and 4West mining areas in 2001 
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Figure 2-3: Total predicted drawdown (wet season) in metres from 2001 levels in the 4 East groundwater area required 
to meet the Life of Mine Plan 
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2.3. Proposed groundwater abstraction.  

As part of the Greater Paraburdoo Proposal two key changes with respect to groundwater abstraction 
are proposed.  

1. Four East Extension:  

• Increased abstraction from the Brockman Iron formation being mined. 

• Abstraction and dewatering of the Wittenoom formation.  

• Increased abstraction by 4.0GL/a 

2. Western Range: 

• Abstraction and dewatering of the Brockman Iron formation.  

• Abstraction increased to 2.5GL/a 

Current abstraction from the Southern and Northern Paraburdoo bore fields will remain unchanged.  
Figure 2-4 summarises the current and proposed abstraction changes within groundwater licence 
GWL109318.  Further to this Figure 2-5 presents modelled drawdown predicted within groundwater 
levels at Western Range (Rio Tinto 2019c).  

Current abstraction from the Channar (GWL 107414) and Turee Creek Supply Borefields (GWL 107413) 
will not be increased (annual allocation of 1.5 and 3.23GL/a respectively). Rio Tinto, through 
implementation of the Proposal aims to reduce abstraction from the Channar and Turee Creek supply 
borefields as far as possible, however they will remain part of the Greater Paraburdoo Operations Water 
Supply Scheme (GPOWS). 

Total groundwater abstraction for all Paraburdoo borefields during 2017 was 6,551,402kL, representing 
73% of the annual licensed allocation. Groundwater abstracted via the 4West, 4 East, and Southern 
Borefields is integrated into the Greater Paraburdoo Operations Water Scheme (GPOWS), for use at 
the Paraburdoo Mine and Paraburdoo Plant.  In circumstances where the volume of groundwater 
abstracted by these borefields exceeds operational demand, excess water is discharged to Seven Mile 
Creek via a licenced discharge point (Joe’s Crossing - total licenced discharge allowance of 0.8GL/a). 

Groundwater abstracted from the Northern Borefield is used primarily for potable water supply to the 
Paraburdoo Township.  The Northern Borefield and catchment is a designated P1 water reserve.  

The groundwater supply requirement for GPO is predicted to increase due to the development of 4EE 
and Western Range mining areas for dust suppression and ore processing.  This demand will be met 
by increased abstraction within GWL109318 from dewatering within the 4 East mining area, and from 
local Western Range supply abstraction (Rio Tinto 2019c).  
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Figure 2-4: Current and proposed abstraction within groundwater licence GWL 109318 
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Figure 2-5: Western Range predicted Water Levels (mRL)  
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2.4. Existing Riparian Vegetation Information 

A significant number of flora and vegetation surveys have been conducted in the Greater Paraburdoo 
area since the 1980’s (and earlier).  Sections of these surveys cover relevant riparian habitats covered 
by the current study.  Approximately 16 different surveys were consulted where relevant in the current 
study.  

The bounds of these historical surveys are presented in Figure 2-6 and the details of each is provided 
in Table 2-1. 

Probably the most recent, comprehensive and relevant report to the current study is the Astron (2018) 
study; Greater Paraburdoo Detailed Flora and Vegetation Survey. 

According to the Astron (2018) report, of the 21 vegetation units present within the survey area, one 
(D7) was considered as a potential groundwater dependent ecosystem (GDE) due to the presence of 
an assemblage of vegetation that is likely to be dependent on groundwater.  The D7 vegetation unit 
occurred on major drainage lines that supported the potential GDE species Eucalyptus camaldulensis, 
E. victrix and Sesbania formosa and is therefore considered to have some conservation significance at 
a local scale. To a lesser extent the D8 vegetation unit also supported the potential GDE species E. 
victrix and may have some conservation significance at a local scale. 

Astron (2018) also noted that each of the three major creek systems, Pirraburdu Creek, Seven Mile 
Creek and Stoney Creek, as well as Doggers Gorge support pools of an unknown permanency and 
riparian vegetation that relies on this water source for ecological processes.  At the time of survey each 
of the three creek systems and Doggers Gorge were observed to exhibit some areas of pooling.  

A number of other reports across the Greater Paraburdoo area present compositional and structural 
information about riparian communities encountered, however, generally speaking, they do not deal with 
GDE’s or discuss overall values and significance of local riparian vegetation.  Of these the most 
extensive with respect to the description of riparian vegetation are :  

• Flora & Vegetation of the Channar Mining Area and Surrounds, Mattiske Consulting Pty Ltd 
(1986), Single-phase detailed survey; 

• Flora, Vegetation and Vertebrate Fauna on 23E/42E Paraburdoo, Mattiske Consulting Pty. 
Ltd (1998), Single-phase detailed survey; 

• Rio Tinto Paraburdoo Mine Area Botanical and Vertebrate Fauna Survey, Ecologia 
Environment (2011), Single-phase detailed survey; 

• Joe's Crossing Minor Tributary Biological Assessment, Astron Environmental Services 
(2015), Single-phase detailed survey; 

• Greater Paraburdoo Detailed Flora and Vegetation Survey, Astron Environmental Services 
(2018), Multiple-phase detailed survey. 
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Figure 2-6: Spatial boundaries of the most relevant historical flora and vegetation surveys conducted in the Greater Paraburdoo area 
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Table 2-1: Key details of the most relevant historical flora and vegetation surveys conducted in the Greater Paraburdoo area. 

# Report Title Report Author Report 
Year Methodology AREA (ha) Reference 

1 
Flora & Vegetation of the Channar Mining Area 
and Surrounds, Hamersley Range, Western 
Australia 

Mattiske Consulting Pty Ltd 1986 Single-phase detailed survey 12,205.4 Mattiske (1986) 

2 Flora, Vegetation and Vertebrate Fauna on 
23E/42E Paraburdoo 

Mattiske Consulting Pty. Ltd and 
Biostat & Ninox Wildlife 
Consulting 

1998 Single-phase detailed survey 3,691.3 Mattiske (1998)  

3 Access and gas pipeline Rio Tinto 2005 Systematic Flora Survey 287.7 Rio Tinto (2005) 

4 Resource and evaluation drilling at North Lobe 
Creek GD_06_01259 Rio Tinto 2006 Systematic Flora Survey 105.9 Rio Tinto (2006 

5 Flora and Vegetation Survey of the Paraburdoo 
NLC Mine Pit and North Lobe Creek Rio Tinto 2009 NVCP-level biological 

assessment 256.4 Rio Tinto (2009) 

6 Flora and Vegetation Assessment of the Eastern 
Ranges LOM Study Area (ERSA) Rio Tinto 2010 NVCP-level biological 

assessment 1,736.5 Rio Tinto (2010) 

7 Rio Tinto Paraburdoo Mine Area Botanical and 
Vertebrate Fauna Survey Ecologia Environment 2011 NVCP-level biological 

assessment 5,655.4 Ecologia (2011) 

8 Flora and Vegetation of the Turee Syncline Mattiske Consulting Pty Ltd 2011 Multiple-phase detailed survey 9,197.2 Mattiske (2011) 

9 Western Range Phase 2: Vegetation and Flora 
Report Biota Environmental Sciences 2012 Multiple-phase detailed survey 6,078.0 Biota (2012) 

10 Western Ranges Level 1 Vegetation, Flora and 
Fauna Survey Astron Environmental Services 2013 NVCP-level biological 

assessment 487.5 Astron (2013) 

11 Joe's Crossing Minor Tributary Biological 
Assessment Astron Environmental Services 2015 NVCP-level biological 

assessment 79.2 Astron (2015a) 

12 Paraburdoo Haul Road Biological Assessment Astron Environmental Services 2015 NVCP-level biological 
assessment 142.4 Astron (2015b) 

13 Doggers Gorge Flora, Vegetation and Fauna 
Habitat Assessment Eco Logical Australia 2015 NVCP-level biological 

assessment 268.4 Eco Logical 
(2015) 

14 Greater Paraburdoo Detailed Flora and 
Vegetation Survey Astron Environmental Services 2018 Multiple-phase detailed survey 11,203.3 Astron (2018) 

15 Flora, Vegetation and Fauna Habitat Assessment 
at Western Range NVCP Supporting Report Rio Tinto 2018 Desktop Assessment 2,049.5 Rio Tinto (2018) 

16 Channar Reconnaissance Flora and Vegetation 
Survey Astron Environmental Services 2019 Basic Reconnaissance Survey 7,304.9 Astron (2019) 
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2.5. Landsat derived Remote sensing products for GDE mapping.  

The use of remote sensing (RS) techniques which leverage off the large amount of available historical 
Landsat imagery is an underused and highly valuable tool that can assist in determining and mapping 
the presence/absence/potential of GDEs.  Previous work undertaken by the CSIRO for the Pilbara 
region, has led to the development of a remote sensing technique capable of mapping/identifying GDE 
presence, as well as their historical changes (Barron et al, 2012, Barron et al, 2017).  This technique is 
highly applicable to hot tropical regions and works by assessing the degree of persistence exhibited by 
terrestrial riparian vegetation through remote sensing derived vegetation indices (NDVI) and their 
behaviour across seasons.  

The GDE delineation methods developed within Pilbara Water Resources Assessment (PWRA) are 
based on the spatio-temporal analysis of Landsat 5 imagery for a period from 1987 to 2011 (more than 
180 image dates from over 1000 RS images) combined with available information on climate variability, 
water regime and GDE ecohydrological characteristics.  This technique allows the development of an 
understanding of the temporal and spatial variability of land cover classes and the extrapolation of this 
local knowledge over large scales.  Two particular advantages of RS techniques are the availability of 
historical (baseline) satellite datasets and the ability to analyse large areas at low cost.  As some RS 
data sources are available for over 30 years (e.g. Landsat), historical changes in land cover and their 
characteristics can be analysed statistically and linked with known climatic conditions, changes in 
groundwater and surface water fluxes, as well as with historical land use practices.  This analysis assists 
in development of the baseline for identification of likely GDEs and understanding the potential impacts 
of mining activities on relevant riparian vegetation.  Furthermore; future changes in riparian vegetation 
cover and persistence can be measured against the historical variability within the identified vegetation 
classes.  This in turn helps to separate or contextualise changes due to natural climate variability from 
changes possibly caused by mining-related activities. 

NDVI persistence mapping allows the identification of ground pixels where vegetation is most 
consistently dense throughout wet and dry seasons, with high persistence indicated by a high 
percentage of Landsat images having exceeded the chosen threshold at any point on the ground (for 
the relevant temporal period).  It is thus inferred that high persistence vegetation (in the order of 60% 
persistent and greater) is likely to be accessing stored groundwater (many potential sources; or 
alternative water sources other than groundwater) in order to maintain growth and productivity 
throughout the year.    

Summary NDVI persistence mapping for the greater Paraburdoo locality (and surrounds), is presented 
in Figure 2-7. This map essentially presents all landsat vegetation pixels which exhibit greater than 40% 
persistence (with respect to the NDVI threshold) throughout the locality. Note that some areas of high 
persistence (often depicted as red i.e. the >90% persistence class) depicted in the map actually 
represent ovals within towns and camps.  Ovals are kept green and densely vegetated all year round 
and so present as GDE’s on the persistence mapping. 
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Figure 2-7: NDVI Persistence mapping developed by Rio Tinto (2018) for the greater Paraburdoo Locality  
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2.6. Bureau of Meteorology National GDE atlas   

The Bureau of Meteorology (BoM) has developed the Groundwater Dependent Ecosystems Atlas (GDE 
Atlas) as a national dataset of Australian GDEs to inform groundwater planning and management (BoM 
2019).  It is the first and only national inventory of GDEs in Australia. 

The GDE Atlas web-based mapping application allows for visualisation, analysis and downloading of 
GDE information for an area of interest without needing specialised software. 

The GDE Atlas contains information about three key types of ecosystems: 

• Aquatic ecosystems that rely on the surface expression of groundwater–this includes 
surface water ecosystems which may have a groundwater component, such as 
rivers, wetlands and springs.   

• Terrestrial ecosystems that rely on the subsurface presence of groundwater–this 
includes all vegetation ecosystems. 

• Subterranean ecosystems–this includes cave and aquifer ecosystems. 

Importantly, the GDE Atlas also includes the national inflow-dependent landscapes layer which is 
derived from remotely sensed data.  This layer indicates the likelihood that a landscape is accessing 
water in addition to rainfall (such as soil moisture, surface water or groundwater), and generally 
represents a potential GDE dataset for all areas not yet studied or investigated in any detail.  

The GDE mapping in the GDE Atlas comes from two broad sources: 

• National assessment–national-scale analysis based on a set of rules that describe 
potential for groundwater/ecosystem interaction and available GIS data.   

• Regional studies–more detailed analysis undertaken by various State and regional 
agencies using a range of different approaches including field work, analysis of 
satellite imagery and application of rules/conceptual models. 

Figure 2-8, and Table 2-2 presents the BoM GDE Atlas results for Study Area 3. 

Data returned from the BoM GDE atlas for Greater Paraburdoo and surrounds returned GDE likelihoods 
of high, medium, and low (all from the national RS assessment), and no known GDE’s from the regional 
assessment (BoM 2019). All high potential GDE features returned were associated with calcrete plateau 
features within and surrounding Turee Creek; two north of Mount Channar, and two directly south of the 
Channar mine site on the north side of Turee Creek.   All moderate potential GDE features returned 
were associated with the calcrete plateaus at the southern foot of Western Ranges and the Turee Creek 
channel and floodplain alignments.   Despite these results local vegetation associated with the calcrete 
plateaus listed (and others) are generally relatively ephemeral in structure, abundance and composition, 
particularly those at Western Ranges.  Outside of Western ranges, smaller drainage features coming 
off some of the taller plateaus have potential to support more sensitive and potentially groundwater 
dependent vegetation.  Furthermore; larger drainage features running adjacent to such plateaus, have 
the potential to form vegetation communities which have access to the aquifers often associated with 
such calcrete/dolocrete features.  Turee creek, particularly north east of Mount Channar is a good 
example of one such drainage feature.   
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Figure 2-8: BoM GDE Atlas mapping for the Paraburdoo locality (Terrestrial GDE mapping Layer)(Sourced from; BoM 2019).   
Note: pink coloured areas on the map are actually areas for which no GDE mapping information is provided.   
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Table 2-2: Terrestrial GDE Results from the BoM GDE Atlas; Study Area 3 (All features are vegetation ecosystems and occur in the Ashburton River Region). (Sourced 
from; BoM 2019).   

Supplied ecosystem type 

GDE Potential - 
From national 
assessment 

IDE 
likelihood Groundwater management area 

Low calcrete plateaux, mesas and lower plains supporting mulga and cassia shrublands and 
minor spinifex grasslands. High potential GDE 9 Pilbara Groundwater Area plus 1 other overlapping 

GMAs 
Low calcrete plateaux, mesas and lower plains supporting mulga and cassia shrublands and 
minor spinifex grasslands. High potential GDE 10 Pilbara Groundwater Area plus 1 other overlapping 

GMAs 
Low calcrete plateaux, mesas and lower plains supporting mulga and cassia shrublands and 
minor spinifex grasslands. High potential GDE 9 Pilbara Groundwater Area plus 1 other overlapping 

GMAs 
Low calcrete plateaux, mesas and lower plains supporting mulga and cassia shrublands and 
minor spinifex grasslands. High potential GDE 9 Pilbara Groundwater Area plus 1 other overlapping 

GMAs 
Low calcrete plateaux, mesas and lower plains supporting mulga and cassia shrublands and 
minor spinifex grasslands. Moderate potential GDE 8 Pilbara Groundwater Area plus 1 other overlapping 

GMAs 
Active flood plains, major rivers and banks supporting grassy eucalypt woodlands, tussock 
grasslands and soft spinifex grasslands. Moderate potential GDE 10 Pilbara Groundwater Area plus 1 other overlapping 

GMAs 
Low calcrete plateaux, mesas and lower plains supporting mulga and cassia shrublands and 
minor spinifex grasslands. Moderate potential GDE 6 Pilbara Groundwater Area plus 1 other overlapping 

GMAs 
Active flood plains, major rivers and banks supporting grassy eucalypt woodlands, tussock 
grasslands and soft spinifex grasslands. Moderate potential GDE 10 East Murchison plus 2 other overlapping GMAs 

Hills and ridges of sandstone and dolomite supporting low shrublands or shrubby spinifex 
grasslands. Low potential GDE 10 Pilbara Groundwater Area plus 1 other overlapping 

GMAs 
Stony hardpan plains and rises supporting groved mulga shrublands, occasionally with spinifex 
understorey. Low potential GDE 10 Pilbara Groundwater Area plus 1 other overlapping 

GMAs 

Dissected slopes and raised plains supporting hard spinifex grasslands. Low potential GDE 10 East Murchison plus 2 other overlapping GMAs 

Hills and ridges of sandstone and dolomite supporting low shrublands or shrubby spinifex 
grasslands. Low potential GDE 10 East Murchison plus 2 other overlapping GMAs 

Dissected slopes and raised plains supporting hard spinifex grasslands. Low potential GDE 10 Pilbara Groundwater Area plus 1 other overlapping 
GMAs 

Dissected slopes and raised plains supporting hard spinifex grasslands. Low potential GDE 10 Pilbara Groundwater Area plus 1 other overlapping 
GMAs 

Hills and ridges of sandstone and dolomite supporting low shrublands or shrubby spinifex 
grasslands. Low potential GDE 9 Pilbara Groundwater Area plus 1 other overlapping 

GMAs 

Rough shale hills, saline drainage floors and broad braided creeks with sparse shrubs. Low potential GDE 9 Pilbara Groundwater Area plus 1 other overlapping 
GMAs 

Rough shale hills, saline drainage floors and broad braided creeks with sparse shrubs. Low potential GDE 9 Pilbara Groundwater Area plus 1 other overlapping 
GMAs 

Dissected slopes and raised plains supporting hard spinifex grasslands. Low potential GDE 9 East Murchison plus 2 other overlapping GMAs 

Hills and ridges of sandstone and dolomite supporting low shrublands or shrubby spinifex 
grasslands. Low potential GDE 9 East Murchison 

Cobble plains with sparse mulga and other Acacia spp. shrublands. Low potential GDE 9 East Murchison plus 2 other overlapping GMAs 
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Supplied ecosystem type 

GDE Potential - 
From national 
assessment 

IDE 
likelihood Groundwater management area 

Stony lower slopes and plains below hill systems supporting hard and soft spinifex grasslands or 
mulga shrublands. Low potential GDE 9 Pilbara Groundwater Area plus 1 other overlapping 

GMAs 
Rough shale hills, saline drainage floors and broad braided creeks with sparse shrubs. Low potential GDE 9 East Murchison plus 2 other overlapping GMAs 

Basalt hills, plateaux, lower slopes and minor stony plains supporting hard spinifex (and 
occasionally soft spinifex) grasslands. Low potential GDE 8 Pilbara Groundwater Area plus 1 other overlapping 

GMAs 
Active flood plains, major rivers and banks supporting grassy eucalypt woodlands, tussock 
grasslands and soft spinifex grasslands. Low potential GDE 8 Pilbara Groundwater Area plus 1 other overlapping 

GMAs 
Stony lower slopes and plains below hill systems supporting hard and soft spinifex grasslands or 
mulga shrublands. Low potential GDE 8 Pilbara Groundwater Area plus 1 other overlapping 

GMAs 
Hills and ridges of sandstone and dolomite supporting low shrublands or shrubby spinifex 
grasslands. Low potential GDE 8 Pilbara Groundwater Area plus 1 other overlapping 

GMAs 

Basalt hills and restricted stony plains supporting grassy mulga shrublands. Low potential GDE 7 Pilbara Groundwater Area plus 1 other overlapping 
GMAs 

Cobble plains with sparse mulga and other Acacia spp. shrublands. Low potential GDE 7 Pilbara Groundwater Area plus 1 other overlapping 
GMAs 

Active flood plains, major rivers and banks supporting grassy eucalypt woodlands, tussock 
grasslands and soft spinifex grasslands. Low potential GDE 7 Pilbara Groundwater Area plus 1 other overlapping 

GMAs 
Basalt derived stony gilgai plains and stony plains supporting snakewood and mulga shrublands 
with spinifex, chenopods and tussock grasses. Low potential GDE 6 Pilbara Groundwater Area plus 1 other overlapping 

GMAs 
Highly dissected hardpan plains supporting mulga shrublands and hard spinifex hummock 
grasslands. Low potential GDE 6 Pilbara Groundwater Area plus 1 other overlapping 

GMAs 

Cobble plains with sparse mulga and other Acacia spp. shrublands. Low potential GDE 6 Pilbara Groundwater Area plus 1 other overlapping 
GMAs 

Basalt derived stony gilgai plains and stony plains supporting snakewood and mulga shrublands 
with spinifex, chenopods and tussock grasses. Low potential GDE 6 Pilbara Groundwater Area plus 1 other overlapping 

GMAs 

Dissected slopes and raised plains supporting hard spinifex grasslands. Low potential GDE 6 Pilbara Groundwater Area plus 1 other overlapping 
GMAs 

Cobble plains with sparse mulga and other Acacia spp. shrublands. Low potential GDE 5 Pilbara Groundwater Area plus 1 other overlapping 
GMAs 

Stony plains supporting mulga and snakewood shrublands with some chenopod low shrubs. Low potential GDE 5 Pilbara Groundwater Area plus 1 other overlapping 
GMAs 

Rugged jaspilite plateaux, ridges and mountains supporting hard spinifex grasslands. Low potential GDE 5 Pilbara Groundwater Area plus 1 other overlapping 
GMAs 

Cobble plains with sparse mulga and other Acacia spp. shrublands. Low potential GDE 4 Pilbara Groundwater Area plus 1 other overlapping 
GMAs 

Basalt hills, plateaux, lower slopes and minor stony plains supporting hard spinifex (and 
occasionally soft spinifex) grasslands. Low potential GDE 4 Pilbara Groundwater Area plus 1 other overlapping 

GMAs 
Basalt hills, plateaux, lower slopes and minor stony plains supporting hard spinifex (and 
occasionally soft spinifex) grasslands. Low potential GDE 3 Pilbara Groundwater Area plus 1 other overlapping 

GMAs 
Basalt derived stony gilgai plains and stony plains supporting snakewood and mulga shrublands 
with spinifex, chenopods and tussock grasses. Low potential GDE 1 Pilbara Groundwater Area plus 1 other overlapping 

GMAs 
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3. Methods 

Several methods were used to aid identification of GDV (and thus potential presence of GDE’s), inform 
field ground truthing, attribute and assess sensitivities and significance of vegetation, and ultimately 
determine the risk from the Proposal.  The specific methods used are outlined below.  

3.1.  Desktop Tasks and Investigations  

To identify the presence of phreatophytes, ‘Mesic’ riparian assemblages and GDE/IDE distribution in 
the greater Paraburdoo area; the desktop investigation included the following tasks:   

1. Development and interpretation of Landsat derived NDVI persistence mapping for the locality 
(1988-2019) as per Barron (2017); 

2. Analysis of available high resolution aerial imagery (and worldview 3 imagery) for the 
presence of riparian vegetation anomalies throughout the locality;  

3. Analysis and interpretation of GDE and IDE layers provided by the BoM GDE atlas; 
4. Consideration of historical and recent baseline flora and vegetation surveys conducted in the 

locality. 
5. Development and upload of relevant mobile GIS layers for field validation and to support the 

field and desktop based riparian vegetation mapping processes.   
6. Following field work; use various desktop resources, analyses and outputs in conjunction 

with field data to support the process of vegetation delineation and mapping.   

The following sections outline the detail, approach and application behind steps 1 and 2 above. The 
tools used in steps 3 and 4 are discussed in Sections 2.6 and 2.4 respectively. Steps 5 and 6 involve 
the integrated preparation and use of all relevant products at a desktop level.  

3.1.1. NDVI Persistence Mapping  

The large spatial reach of the study (over multiple Study Areas of differing scale) was facilitated without 
the need for conducting extensive field investigations in the less relevant areas, by the use of Landsat 
derived NDVI persistence mapping.  This type of mapping effectively indicates where potential GDEs 
might occur (but also importantly where they most likely will not occur) and was produced over the 
locality by the Rio Tinto GIS team following the methods of Barron et al (2017 & 2012), using available 
imagery from 1988-2018 (30m pixel size) and a NDVI threshold value of 0.32.   

Across all four of the chosen Study Areas, Landsat Remote Sensing (RS) derived NDVI persistence 
mapping was used to: 

1. provide an indication of riparian zones which showed low potential for the presence of GDE’s  

2. Indicate the location and size of potentially groundwater dependent riparian features  

3. Provide an indication of the potentl magnitude of groundwater dependence exhibited by of each 
idenfied feature. 

As a result; NDVI persistence mapping combined with high resolution aerial photographic interpretation 
informed key areas of interest for field validation by categorising riparian vegetation as either low, 
intermediate or high ‘likelihood’ of being a GDE.  Explanation of the three likelihood categories derived 
from NDVI were as follows: 

• Low: Purely ephemeral (low persistence; i.e. meeting the threshold <30-40% of the time). 

• Intermediate: Showing signs of potential for additional water sources to be supporting vegetation 
(i.e. moderate persistence; meeting the threshold 40-65 % of the time). 

• High: Area which are highly persistent (likely in the order of >65% persistence).  
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Highly persistent patches of riparian vegetation are more likely to have access to perennial moisture 
from sources such as groundwater and are therefore expected to comprise ‘mesic’ structural and 
compositional vegetation characteristics.  Highly persistent patches were targeted during field surveys 
to validate the presence/absence of GDEs.  Survey effort to validate the presence/absence of GDEs 
was commensurate with lower NDVI likelihood categories i.e. greater survey effort for areas considered 
highly persistent.  

As part of this process NDVI persistence mapping was uploaded to field GPS’s for in-field ground 
truthing. This tool was been found to be invaluable on the ground, and highly successful at inferring 
patterns of on-ground moisture availability and supporting GDE mapping tasks. Furthermore; ground-
truthing of persistence mapping and implied patterns of GDE presence/absence over successive field 
campaigns has led to users developing a high degree of confidence in the validity and accuracy of the 
patterns inferred by this RS product.   

It was also recognised that there are limitations of NDVI persistence mapping.  These limitations are 
primarily associated with the pixel size (30m) of Landsat derived imagery. This pixel size determines 
that riparian features no wider than 20-30m can be missed, or underrepresented (through pixel mixing) 
by Landsat derived persistence mapping.  It is noted that for most drainage systems, such issues are 
uncommon and where it occurs, reduced patch size of potential GDE fetaures typically determines 
reduced significance (and reduced risk), but also such features are often picked up by aerial photo 
interpretation and baseline surveys.   

A secondary issue is that in some areas vegetation can be purely represented by overstorey trees only 
(i.e. no understorey) and where the overstorey is relatively sparse, truly groundwater dependent riparian 
overstorey formations can fail to meet the applied 0.32 NDVI threshold producing a false negative in the 
mapping. This situation is uncommon, but importantly most often occurs in larger drainage systems 
where bed scour removes the understorey in key zones. Typically in such situations, adjacent un-
scoured and similarly groundwater influenced areas return RS pixel values which help identify the 
presence of potential GDV and trigger field investigation of the area. 

3.1.2. High resolution NDVI maps for increasing the effectiveness of in field mapping traverses  

Riparian vegetation within the Study Areas was assessed using NDVI images generated from high 
resolution (0.25 m pixel) remotely sensed digital multispectral imagery (DMSI).  A vegetation density or 
greenness index (in this case NDVI) was calculated using standard methodology (i.e. calculating the 
ratio of reflectance values for red and near infrared bands).  

Subsequent imagery was visually assessed to distinguish patterns and occurrences of high-density 
vegetation signatures likely to indicate the presence of mesic conditions and; therefore, potential GDEs. 
Such areas comprised a comparatively high degree of vegetation cover in comparison to surrounding 
vegetation cover signatures.  Areas displaying high-density vegetation signatures were ground-truthed 
by Rio Tinto to validate the presence/absence of GDEs.  

3.2. Riparian mapping techniques 

As the most hydrologically sensitive Pilbara vegetation communities are typically those with a significant 
component of Melaleuca argentea; an initial review was undertaken to identify desktop tools and 
resources suitable for helping identify the likely distribution of Melaleuca argentea dominated 
communities in the Study Area (i.e. OPV).   A field plan capable of ground-truthing the predicted and 
potential spatial distribution markers for OPV and FPV communities in the Study Area was developed 
following completion of the desktop mapping process.  This field plan was also developed with the aim 
of compiling additional fine scale information about the spatial distribution and composition of other less 
sensitive/significant vegetation communities (FPV) within the Study Area.  

The desktop resources and mapping, together with the field plan allowed for the acquisition of a relatively 
comprehensive dataset on the spatial distribution (mapping) of key riparian vegetation communities 
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throughout the Study Area. This desktop and field-based assessment was also designed to collect 
information which provided a framework for contextualising and assessing the potential for hydrological 
changes to impact riparian communities in the Study Area.  

It should be noted that the vegetation mapping process and the resultant field survey effort attributed to 
the Study Area was generally focused on riparian units occurring within the major riparian habitats of 
the Study Area (i.e. the core riparian zones of the larger creek systems).  As part of this process, a 
higher degree of survey effort was afforded to the riparian units in the main incised channel zone (low 
flow channels) of local drainage systems compared to the fringing communities of the terrace and outer 
floodplain communities. 

In an effort to maintain the logic and intent of coding attributed to recent GDE mapping conducted by 
Rio Tinto, vegetation mapping conducted in this study prioritised the utilisation of the same coding 
regime as recent Rio Tinto riparian mapping projects was while still incorporating and attributing coding 
by Astron (2018) where appropriate.     

With respect to data collection methods; this survey noted the adequate amount of Quadrat/Relevé 
based data collection which has previously been collected within the Study Area.  This survey also noted 
that mapping traverses had previously been used to a lesser extent than quadrat/relevé based 
techniques in the riparian zone of the Study Area (multiple surveys including; Astron 2018, Ecologia 
2011 and Mattiske 1986/1998).  Coupled with the GDE focus of the study; it was concluded that the 
degree of information on the associated floristic composition of riparian communities already captured 
within the Greater Paraburdoo area was sufficient to meet the objectives of this study.  Mapping 
traverses were, therefore, considered to be the most effective method for targeted vegetation mapping 
in this study. Despite this 13 Relevés were also conducted in key ‘mesic’ riparian communities 
encountered within the current study.  In addition to these sampling sites the data from 23 Quadrats and 
2 Relevés sampled within relevant riparian habitats by Aston (2018) were considered in detail as part of 
the the core riparian vegetation mapping process. Plate 3-1 presents the location of the 13 sites from 
the current study in relation to those historical sampling sites (Astron 2018) also considered in detail 
when mapping.   

In addition 4 quadrats and 7 Relevés from the Astron (2015) survey of Seven Mile Creek south (Joes 
crossing area) were considered. To further supplement this dataset, 26 Quadrats and 32 Relevés from 
various surveys conducted in relevant riparian habitats from 2009-2015 (sampled by Biota, Ecologia, 
GHD and Rio Tinto) were also considered during the riparian mapping process of the current study. The 
approximate location, extent and spread of sampling sites conducted as part of key historical surveys 
are presented in Plate 3-2 in relation to Study Area 2.   

Mapping traverses, generally comprise walking through the target area and regularly taking notes and 
collecting spatial information on the apparent vegetation associations/sub-associations present, and the 
location and pattern of boundaries which separate them (see Section 3.4).  By aligning these traverses 
to maximise their potential to regularly test the spatial position of these vegetation boundaries, the 
resultant traverse pattern quickly establishes an effective and extensive database with which to correlate 
on ground vegetation distribution with vegetation signatures present on aerial photography. The use of 
mapping traverses oriented to repeatedly intersect and establish the location of vegetation boundaries 
allowed for the development of robust (high confidence) fine scale vegetation mapping in the areas 
investigated.    
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Plate 3-1:   The location, name and spread of Releves conducted as part of the current study, along with sampling sites conducted by Astron (2018) and considered in this 
study; green outline represents Study Area 2, blue lines are drainage (dark blue are major drainage) red squares are Current study sites, green dots are Astron (2018) 
sites. 
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Plate 3-2:   The approximate location and spread of additional sampling sites (Quadrats and Relevés only) which were considered in the riparian vegetation mapping 
process; green outline represents Study Area 2, blue lines are drainage (dark blue major drainage) red points are Astron (2018), pink points are Astron (2015), yellow 
points are other consultants 2009-2015.
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It should be noted that a vegetation map is essentially a model, and as such the spatial validity of 
boundaries and the vegetation associations depicted to lie within those boundaries, is only true a portion 
of the time.  In general, the accuracy of the model is directly correlated to the amount of ground-truthing 
which is done per unit area of the model, and the scale of the community descriptions created.  Another 
factor influencing the accuracy of the vegetation model is generally considered to be the complexity of 
environmental factors influencing vegetation ecology, but for the surveyor this is an uncontrolled factor 
and is therefore not generally considered in detail.   

For the vegetation mapping model presented as a part of this study; a key aim was to provide a high 
degree of accuracy in relation to the spatial location and distribution of resident and increasingly ‘mesic’ 
riparian formations.  As a result the degree of ground-truthing effort conducted within the core riparian 
zone (particularly the incised channel zone) was very high, such that the mapping is considered to be 
significantly more accurate than typical quadrat/relevé dominated sampling methodology and 
subsequent vegetation mapping undertaken in typical flora and vegetation surveys within WA. 

3.3. Aerial photographic interpretation of over storey phreatophyte species composition  

To support identification, delineation and mapping of GDEs within the Development Envelope, aerial 
photographic interpretation of the extent and relative abundance of groundwater dependant 
phreatophytes in the overstorey was undertaken.  

In most cases one of the key tasks in this process is to spatially delineate FPV communities with a tree 
strata either dominated by Eucalyptus camaldulensis, co-dominated by E. camaldulensis and E. victrix, 
or dominated by E. victrix alone.  Eucalyptus camaldulensis is widely considered to be the more 
groundwater dependent of the riparian eucalypts (at times potentially representing an obligate 
phreatophyte), which commonly occur in the Study Area. For this reason, mapping the presence, 
distribution and dominance of E. camaldulensis (outside of OPV) is an important step in the process of 
mapping varying degrees of community related groundwater dependence.  This is particularly relevant 
for GDE identification where true obligate phreatophytes are absent. In such cases; FPV with a canopy 
dominated by E. camaldulensis is that community most likely to represent a GDE (broadly speaking). 

Traditionally; E. camaldulensis and E. victrix distribution (and thus vegetation community data) mapping 
requires regular field notes (along with quadrat and releve’ sampling) on the presence/absence and 
abundance of these species on the ground to facilitate extrapolation throughout the relevant mapped 
areas. Within the many riparian formations in the Pilbara; it is noted that canopy, stem and reproductive 
material which often allow relatively confident differentiation between these two species; are either not 
present, or are not clear enough to aid this differentiation during the field survey. Furthermore; it is 
relatively impossible (due to field time constraints) to capture adequate on ground data to accurately 
map the canopy abundance/presence of these two species.  For this reason; where possible, aerial 
photo interpretation is often the best tool for mapping the distribution of E. camaldulensisand E. victrix. 
As a result, it was a key tool used in this study.   

This process was aided significantly by the use of recent high resolution (0.25 m) true colour aerial 
imagery.  Furthermore; where available, 7-band worldview imagery further assisted identification (by 
improving the clarity of visual cues) of individuals/stands of Eucalyptus camaldulensis and E. victrix and 
therefore allowed more accurate mapping of communities as possessing dominant or co-dominant 
overstorey populations of these species. In order of relative usefulness for basic aerial photo 
interpretation (and similar for worldview) of eucalyptus trees; Individuals or groups of Eucalyptus 
camaldulensis within the riparian environment were distinguished on aerial photography from E. victrix 
on the basis of:  

1. darker green canopy colour signature of E. camaldulensis (as opposed to quite grey canopies of 
the alternative species);  

2. denser canopy cover signature of E. camaldulensis;  

3. Different branch signature of E. camaldulensis canopy architecture; and  
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4. Larger (spatial extent) canopy footprint of E. camaldulensis.  

On worldview imagery, there are also visual cues which can be utilised which generally relate to canopy 
vigour, but also to the associated understorey (particularly that of grass layers) signature which tends 
to accompany the larger more productive E. camaldulensis stands.    

The available aerial photography and worldview imagery (worldview was not available for all areas of 
interest) was considered to be of a high quality suitable for the application of the visual assessment 
described above and was found to be robust when ground-truthed using field data.  Some more obvious   
examples of the aerial signature of E. camaldulensis trees from Weeli Wolli Creek (Yandicoogina 
Operations) are provided below in Plate 3-3.  The examples presented in Plate 3-3 were chosen due to 
their location on an open floodplain, where canopy density is reduced and as such surrounding canopy 
species don’t inhibit the display of the above described characters, providing a clear example of the 
application of the species differentiation process.  Plate 3-4 shows similar examples of key eucalypt 
aerial signatures from the Robe River in the Western Pilbara. 

 
Plate 3-3:  Aerial photos showing examples of Eucalyptus camaldulensis canopies (inside orange 
polygons) on high resolution aerial photography (Weeli Wolli Creek)   

Note: Beyond the more obvious shrub features, the majority of the remaining eucalypt canopies present in these 
plates are considered to be E. victrix as indicated by the relatively obvious white branch and trunk colouration, 
open branching habit and lighter foliage colour. 
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Plate 3-4: Aerial photos showing examples of Eucalyptus camaldulensis canopies (inside orange 
polygons), and E. victrix (inside green polygons), on high resolution aerial photography within the Robe 
River (April 2017) 

 

3.4. Field Studies  

To achieve the riparian vegetation mapping aims of this study; a “Targeted Survey” was conducted as 
defined under the EPA Technical Guidance; Flora and Vegetation Surveys for Environmental Impact 
Assessment (EPA 2016a & 2016b).   

The detailed survey work conducted for the Greater Paraburdoo investigations involved 6 days field 
work by two Botanists from the 13-17th of May 2018.  The work was conducted by Rio Tinto Botanical 
Specialist Jeremy Naaykens, and Botanist Pierre-Louis De-Kock (Biota Environmental Sciences). 
Further field visits/investigations to ‘mesic’ riparian formations within and surrounding the Greater 
Paraburdoo Operations (GPO) have been conducted by Jeremy Naaykens on multiple occasions over 
the last 10 years (2008-2019). The understanding and compositional awareness developed through 
work over this time period has contributed to the understanding which is presented in this report, 
particularly with respect to the broader locality assessments which are also conducted herein.  

Targeted field investigations, and their extent/location were supported by NDVI persistence mapping 
described above. Persistence mapping was used to identify, prioritise and select areas requiring field 
validation.  In addition, this mapping provided supporting information regarding the extent and type of 
riparian formations present; directly informing field methodologies (e.g. quadrat, relevé, foot-traverses, 
desktop analysis). In general this study focused on detecting and recording potentially groundwater 
dependent vegetation (GDV), as an indicator of the potential presence of GDE’s and IDE’s. 
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The vegetation mapping conducted as part of this study focused on gathering high confidence and 
relatively detailed information on the distribution and characteristics of ‘mesic’ riparian vegetation (and 
potential GDEs) within Seven Mile, Pirraburdu, and Turee Creeks. This was achieved primarily by 
focusing on gathering information about the structure, distribution and maturity of facultative 
phreatophytic species/vegetation, and where appropriate obligate phreatophytic species/vegetation.  
Given that Facultative Phreatophytic Vegetation (FPV) was thought to be dominant in the area (with 
OPV likely rare); particular focus was made on the distribution and patterns of abundance exhibited by 
Eucalyptus camaldulensis (River Red Gums).  Despite this, there was also a focus on making sure any 
OPV representations were detected; this vegetation incorporates species possessing the highest 
degree of sensitivity to surface and groundwater hydrological changes, potentially associated with 
mining.  

In the case of Seven Mile and Pirraburdu Creeks, OPV communities were generally thought to be absent 
(based on a lack of recordings of known obligate phreatophytes in previous surveys). In their absence 
a significant focus was placed on understanding and mapping the presence and abundance of key 
‘mesic’ indicators species (particularly in the understorey) throughout the drainage systems studied.   

With respect to the focus areas of the study and considering areas within and surrounding the 
Development Envelope where proposed hydrogeological changes are most likely, the following survey 
work was undertaken:  

1. Study Area 1A: Extensive bank to bank foot traverses through the entire length of all moderate 
to high likelihood and Remote Sensing (RS) defined ‘mesic’ stretches of Seven Mile and 
Pirraburdu creeks in the vicinity of the Development Envelope.  This field work was used in 
combination with high resolution aerial photography interpretation to produce high-
confidence/detailed riparian vegetation mapping, ‘mesic’ species mapping, sensitivity mapping 
and significance mapping for relevant riparian formations.   

2. Study Area 1B: Extensive foot traverses (mainly through the low-flow/secondary channels) 
through the entire length of all moderate to high likelihood and RS defined ‘mesic’ stretches of 
Turee Creek in the vicinity of the Channar Borefield.  This was used to produce high to moderate 
confidence and detailed riparian vegetation mapping, some ‘mesic’ species mapping, sensitivity 
mapping and significance mapping for relevant riparian formations.   

3. Study Area 2: Targeted investigations of low to moderate likelihood and RS defined ‘mesic’ 
stretches of riparian vegetation within the GPO. Through this zone low likelihood riparian 
formations of note were generally only identified using NDVI RS and interpreted via high 
resolution aerial photography. In addition, some areas received low to moderately extensive 
foot traverse based field investigation with important examples being Howie’s Hole, Geode 
Creek Gorge, Dogger’s Gorge and Dogger’s Gorge Spring.  Moderate confidence vegetation 
mapping, along with sensitivity, significance and ‘mesic’ component mapping was provided for 
relevant riparian features within Study Area 2.  Those more potentially significant pools (not 
exhaustive) were also identified in this Study Area. 

4. Study Area 3: “Identification mapping” (identifying presence, but not describing or mapping 
vegetation) of ‘mesic’ riparian formations was produced for any potentially significant vegetation 
using remote sensing and aerial photography.  This technique was used as these areas 
represented contextually important, but “negligible risk” (from Rio Tinto mining operations) 
riparian representations.  Within Seven Mile Creek, broad identification of C2 coded riparian 
formations was conducted through areas upstream and downstream of the PO (Paraburdoo 
Operations) to provide important contextual catchment information.   

5. Study area 4: “identification mapping” of ‘mesic’ riparian formations of moderate to high potential 
significance.  This presence mapping was generally only conducted using NDVI RS and 
significance/size interpreted using high resolution aerial photography.  While some areas 
received very minor field investigation, either previously as part of other work or as part of the 
current study, the vast majority were only identified remotely.  This work was used to produce 
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identification mapping of ‘mesic’ riparian formations only, which in turn informed a ‘mesic’ 
distribution assessment of the broader locality*. 

The bounds of the above described survey areas are presented in Figure 1-1 & 2-1 above, with with 
Study Areas 1A and 1B delineated by the areas of Study Area 1 which cover the different creek systems 
described above.  An example of the type of survey effort employed in Study Area 1A and 2, as part of 
the detailed survey conducted in 2018 is presented in Plate 3-5. However it is noted that the degree of 
field survey effort eomployed was variable and typically indicative of the risk profile of the riparian areas 
in question and the amount of historical info available.  

The above field survey techniques and associated survey effort were then used along with desktop and 
remote sensing mapping techniques to delineate and describe vegetation types and sub-types 
encountered in the Study Areas. Vegetation types described and delineated as part of this targeted 
riparian study represent a “structural vegetation classification”, as per the Technical Guidance for flora 
and vegetation surveys (EPA 2016b).  This was chosen (rather than using a floristic classification) as it 
is thought to be most relevant for riparian vegetation surveys focused on assessing likely groundwater 
dependence of resident vegetation.  Structural vegetation classification uses vegetation structure and 
consideration of dominant species to describe differences between vegetation units. Structural 
vegetation classification provides information on the height of key strata present, foliar cover and 
dominant species.  

All vegetation types mapped as part of this study, were described using Aplin’s (1979) framework for 
“Vegetation Structural Classes” (Specht 1970). This framework is presented in Appendix A, along with 
vegetation condition scale used in this study (Trudgen 1988).  As such; vegetation types/sub-types 
(Table 4 1) established as part of this study are generally considered to represent sub-associations 
(NVIS level 6) as per the NVIS classification (DoE 2014b).   

Given the focus of this study; some vegetation types mapped and described as part of this study are 
lacking some of the compositional differentiation which comes from sampling over multiple phases (as 
part of a detailed survey (EPA 2016b)).  Furthermore; some of the non-core riparian communities of the 
floodplain and high-flow riparian habitats are less adequately sampled and described/delineated 
throughout the Study Area as the focus of this study was on delineating groundwater dependent 
ecosystems.  Given this focus; the reduced level of detail provided for such communities (which are 
generally of lower likely groundwater dependence and significance) is considered relatively 
inconsequential when considering potential hydrologically derived impacts.      
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Plate 3-5: Example of the survey effort employed in surevy area 1A, in this case an area of Pirraburdoo Creek (Ratty Springs; Red box in image)(similar for Study 
Area 1B but with less lateral spread),  and for a small area field validated as part of targeted investigations carried out in Study Area 2 (orange box);  Yellow lines 
represent Track logs, Green dots represent data collection points. 
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3.4.1. Sensitivity and significance mapping  

To interpret and attribute sensitivity ratings to riparian vegetation within the Development Envelope; the 
following factors were considered:  

• water use strategy (i.e. obligate phreatophyte, facultative, etc.) and associated groundwater 
dependence associated with the dominant species in the overstorey (and in some cases 
understorey);  

• obligate phreatophyte age structure (paticulary noting the presence of a mature  component);  

• obligate phreatophyte structural dominance (i.e. whether it is dominant or co-dominant in the tree 
strata); distribution within the creek bed profile;  

• vegetation cover/structure (i.e. stand density);  

• proximity to surface water flow paths; and  

• consideration of inherent significance; broadly as a measure of degree of restriction of these 
vegetation types in the landscape, and magnitude of associated values.  

A significance value was then applied to riparian vegetation, following an adapted version of the Rio 
Tinto (2015) “Framework for Significance”.  This framework incorporates an assessment of ecological 
values, local and regional representation, vegetation condition, and resilience for each riparian 
community (i.e. sensitivity rating).  Key steps followed to attribute a significance value were as follows:  

1. Consider the number and magnitude of ecological values associated with or provided by a 
biological feature.  

2. Determine the distribution and therefore degree to which it is restricted in the environment, the 
degree of representation (the degree to which a vegetation unit is represented by other 
communities outside of the Study Area), and potential rarity of this feature within local, sub-
regional, and regional scales. 

3. Consider the condition of the biological feature, degree of modification (particularly those 
hydrological influences which may not be traditionally considered; such as disturbance provided 
by surface flows, altered flow patterns, fluvial weed abundance, exposure to surplus mine water 
discharge, reduced catchment etc.), and its inherent resilience to perturbation/s.  

Following consideration of steps one and two an “Initial Significance” rating was produced.  However; 
the inherent sensitivity or resilience of a feature to perturbation tends to increase or decrease the 
likelihood of impact, as well as the consequences of the impact. In addition, the current condition of the 
feature at the time of consideration will have an influence on its significance. Therefore, in order to 
assess overall sensitivity/resilience and particularly the locally known potential anthropogenic impacts 
into the resultant significance, a “Final Significance” rating was determined via step three of the above 
framework.  This process is important as it helps to contextualise the traditional condition ranking 
attributed to local vegetation as part of baseline surveys. Often the condition attributed to vegetation as 
part of baseline surveys is significantly skewed by the presence of weeds typically common/abundant 
within most Pilbara/North-West drainage systems.   This third step was used to attribute an alternative 
and more locally measured consideration of condition and degrees of modification into the significance 
attributed to any riparian community being assessed.  

Attributing a sensitivity and subsequent significance value to riparian vegetation is ultimately intended 
to guide the development of risk mapping and inform management and mitigation of GDEs as mining 
developments are undertaken or continued.  
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3.4.2. Risk mapping  

Risk mapping was undertaken within the Development Envelope in order to interpret and predict the 
response of riparian vegetation to hydrological change(s).   

Risk mapping produced as part of this assessment was a product of the combined consideration of 
factors, including: floristic and vegetation characteristics; sensitivity and significance mapping; historical 
groundwater conditions and the magnitude of any predicted groundwater drawdown.  Outputs were 
expressed as discrete spatial polygons (zones) rated as ‘Very High’, ‘High’, ‘Moderate’, ‘Moderate to 
Low’ or ‘Low’.  

Information used to inform assigned risk ratings and explain potential impacts to GDV as a result of 
hydrological change included:  

• Baseline depth to water (metres range);  

• description of vegetation structure/composition in relation to baseline conditions;  

• dewatering zone (e.g. direct or indirect influence zone);  

• hydrological impact source (e.g. source of dewatering and/or recharge);  

• likely hydrological impacts relevant to sustaining established/baseline vegetation (e.g. impact to 
underlying lithology/sediments); and  

• potential impact to present day riparian vegetation (e.g. likely transition of vegetation 
structure/composition).  

3.4.3. Contextual assessment of significant riparian features of the broader locality.  

Identification mapping” of ‘mesic’ riparian formations of moderate to high potential significance were 
conducted within Study Area 4, which essentially represents a 100km radius around the Paraburdoo 
Operations.  As detailed for Study Area 4 (section 3.4); desktop work for this task (and some field based 
effort) involved identification mapping only (presence only; i.e. no descriptive mapping).   

This mapping first involved assessing NDVI persistence mapping for the presence of vegetation 
persistence anomalies in the order of 65% persistence and greater (generally 75% and greater).  Once 
all features were identified and mapped within Study Area 4, their size and some level of significance 
was interpreted using high resolution aerial photography.  While some areas received very minor field 
investigation/visitation, either previously as part of other work or as part of the current study, the vast 
majority were only identified remotely.  As part of this work, Australian 1:50k topographic maps were 
consulted to determine if any of the sites were named springs, pools or similar (Geoscience Australia 
2019).  Following this a table of riparian sites was collated, and each were named based on the presence 
of named springs etc., or names were allocated to each site was based on named adjacent places or 
creeks/rivers upon which they occurred.  As part of this assessment the likely presence of obligate 
phreatophytes at more significant sites was also considered based on the evidence available and 
following searches of relevant literature available online in relation to named places.  

Ultimately this work aimed to produce identification mapping of significant and ‘mesic’ riparian formations 
within the broader locality.  In essence it was assumed that the features identified should all represent 
potentially groundwater dependent features of comparative relevance to those studied in more detail 
within the GPO.   This inventory would in turn be used to inform and broadly contextualise the importance 
of features potentially impacted within the GPO as part of the proposal.  

3.5. Impact assessment and predictions – key impact zones 

For areas where proposed hydrological changes associated with the current proposal are likely to bring 
about new and likely significant changes to the hydrology/hydrogeology supporting local riparian 
formations; an impact assessment and impact predictions are required.  For this study that area is 
essentially represented by the stretch of Seven Mile Creek which intersects the Paraburdoo operations. 
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In conducting an impact assessment on this stretch of Seven Mile Creek and attempting to estimate the 
influence of the proposed hydrological changes and outcomes for vegetation; multiple factors needed 
to be considered. The following hydrologic and biotic factors and their likely interaction with hydrological 
changes resulting from the current proposal were considered in the impact assessment and prediction 
process: 

Hydrologic 
• Anteceedant groundwater conditions/regime, 
• Anteceedant surface water conditions/regime, 
• Alluvial sediment conditions within which vegetation is situated (i.e., porosity, 

transmissivity, connectivity) 
• Interaction of changes in groundwater height/access (and potential removal of access by 

vegetation),  
• Decreased residence time of surface water recharge events within the alluvials;  
• Basement morphology below the alluvial sediments of the fluvial system. 

Biotic 
• Vegetation structure and composition 
• Antecedent stress conditions within vegetation 
• Vegetation augmentation; i.e. elevated vegetation density indicative of artificial 

augmentation 
• Root truncation (or clipping); i.e. alteration of root system architecture via extended 

groundwater submersion such that rooting depth is substantially reduced. 
• Establishment of increasingly sensitive (hydrologically speaking) 'mesic' floristic 

assemblages. 

In particular, the following “Key Vegetation Stressors” were considered in the impact prediction process: 

(1) Lithological drawdown,  

(2) Alluvial drawdown,  

(3) Baseline Root truncation,  

(4) Vegetation augmentation,  

(5) 'Mesic' understorey consitiuents,  

(6) Decreased residence time of surface water recharge events,  

(7) Removal of surplus water discharge. 

Through the process of considering the above hydrologic and biotic factors, and associated vegetation 
stressors, an assessment was made as to how vegetation might respond in different scenarios.  In 
situations where a drop in the antecedent alluvial aquifer height was predicted to occur, or where access 
is functionally removed from roots, the following 3 key interactions will likely influence the vegetation 
response to hydrological changes: 

1. where hydrological change occurs beneath vegetation having experienced root truncation to the 
water table height; brought about by longer term exposure to shallow (sub 8mbgl) and relatively 
consistent groundwater submersion of its root system;  

2. and where consistent groundwater access has led to substantial vegetation augmentation within 
the overlying vegetation (i.e. increased/elevated density and above ground biomass);  

3. And where vegetation augmentation results in the establishment of a significantly elevated water 
demand per unit of area (compared to more ephemeral reaches). 
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The following is likely to result:   

The reduction in access to saturated soil water volumes, especially where changes occur quickly 
and where the dimensions of the alluvial sediment body are confined, will likely lead to a biological 
water demand (via biotic EWR) which far outweighs the amount of water accessible to vegetation.  
In such cases the ensuing competition for water resources invariably leads to significant canopy 
decline (reduced 'canopy cover') within the majority of overstorey individuals (typically among 
species representing phreatophytes) and mortality within a significant portion of the overstorey 
population.   

Depending on how many of the above three interactions are co-occuring, this process can be temporary; 
whereby a good proportion of the individuals which succumb to the water stress event in fact either 
recover entirely (once water availability increases), or re-sprout from the base and eventually recover in 
a reduced form.  Alternatively it can be relatively permanent, whereby water availability conditions shift 
to a new regime (consistently reduced availability), dead trees are removed (via fluvial scouring 
processes) and the density of the overstorey strata is significantly reduced.  

In many cases naturally shallow (or artificially shallow) groundwater conditions (and vegetation 
augmentation processes) are accompanied by the establishment of relatively 'mesic' overstorey and 
understorey floristic assemblages.  This composition also becomes important in groundwater decline 
scenarios, as the mesic components of such vegetation (along with ephemeral taxa who have 
established under mesic conditions), which often become abundant (and potentially dominant) in such 
conditions, are also less efficient in their water use strategies and more sensitive to changes in water 
availability.  As a result the above described hydrological interactions and resulting decline/death can 
be exacerbated by the 'mesic' component of the established assemblage; leading to increased 
reductions in above ground biomass and vegetation density (cover).    

From an impact assessment/prediction perspective, such density or cover reductions can become 
relatively significant/influential when they are large enough to lead to a change in the structural formation 
class of the overstorey vegetation e.g. from open forest to woodland (or other relevant strata).  In more 
extreme cases this could lead to structural change (i.e. reductions in vegetation density within specific 
strata) by a factor of two structural formation classes e.g. 'Open Forest' to 'Open Woodland'. The same 
hydrological interactions and resulting outcomes described here in relation to the overstorey strata, can 
and likely will occur in the relevant understorey strata of shallow groundwater regimes, particularly the 
shrub and macrophyte strata, and particularly in "mesic' environments/floristic-assemblages.   

Given that structural and compositional changes such as those described above are the most likely 
potential outcomes of significant hydrological change in GDV such as that present on Seven Mile Creek, 
impact predictions made in this study are to focus on structural formation class shifts and loss of 
dominant species. Such impact predictions will therefore be provided for the relevant spatial zones within 
the target stretch of Seven Mile Creek.  

The different risk/impact zones of the creek (and their spatial bounds) were developed via consideration 
of key differences in the; 

• Baseline morphology of the alluvial aquifer;  
• How this alluvial aquifer morphology might respond to the new hydrogeological regime;  
• Some understanding of the morphology of the basement; 
• proximity to the geological units proposing to be dewatered;  
• proximity to different surface water flow patterns; 
• and proximity of these features in relation to key vegetation types/characteristics.  
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4. Results 

4.1. NDVI Persistence Mapping 

Focused NDVI persistence mapping (i.e. only showing vegetation possessing moderate to high 
persistence anomalies) presented over the broader locality and developed for this study is initially 
presented in Section 2.5 Figure 2-7.    This mapping is broadly used to inform (along with other factors) 
the distribution and extent of field investigations conducted and to supplement information considered 
as part of desktop assessments. Figure 4-1 shows complete (and to scale) NDVI persistence mapping 
for Study Areas 1-3. As indicated in Section 2.5 and Section 3.1.1 this remtote sensing analysis product 
is derived using an NDVI persistence threshold value of 0.32, and considering all available Landsat 
images from 1988 to Late 2019.  This mapping is presented in order to show the distribution of persistent 
riparian vegetation anomalies across the main Study Areas (predominatly Study Areas 1 & 2; but 
including Study Area 3).  Figure 4-2 presents the same remote sensing mapping but includes a broad 
indication of the distribution of targeted field investigations (presented as on-ground track logs) in 
relation to persistent riparian vegetation anomalies. This mapping is presented over two figures so that 
the position of persistent vegetation anomalies and the resulting array field investigations can be 
properly compared.    

4.2. Riparian Flora 

From the 13 releves and opportunistic sampling conducted as part of this study, 136 species of vascular 
flora were recorded.   When combined with smapling conducted in relevant riparian habitats by Astron 
(2018), approximately 280 species of vascular flora were recorded in total. 

Of the species recorded in this study, those riparian species of note which played a part in assessmnets 
of potential groundwater access/dependence and presence/absence and stability of ‘mesic’ riparian 
habitats included (in order of interpreted importance): 

Trees Tall shrubs 

• Melaleuca argentea (TC only) 
• Eucalyptus camaldulensis subsp. refulgens 
• Sesbania formosa (7M and TC only) 
• *Pheonix dactylifera (7M only) 
• *Washingtonia sp. (7M only) 
• Eucalyptus victrix 
• Acacia coriacea subsp. Pendens 

Shrubs 

• Cullen leucanthum (TC only) 
• Acacia ampliceps 
• Melaleuca bracteata 
• Melaleuca glomerata 
• Melaleuca linophylla 
• Myoporum montanum (TC East only) 
• Plumbago zeylanica 
• Acacia sclerosperma subsp. sclerosperma 

Small shrubs and Macrophytes 

• Schoenus falcatus (DGS only) 
• Samolus aff. Repens (7M (1 location) and TC only) 
• Samolus sp. Millstream (M.I.H. Brooker 2076) (TC only) 
• Passiflora foetida var. hispida 



 

Riparian Vegetation and Associated Groundwater Dependent Ecosystems – Targeted Survey of the Greater Paraburdoo 
Operations 
Greater Paraburdoo Iron Ore Proposal  47 

• Schoenoplectus subulatus  
• Potamogeton sp. (indet.) 
• Abutilon amplum 
• Cyperus vaginatus 
• Typha domingensis 
 

Herbs 

• Eragrostis cf. surreyana (Priority 3) (TC East only) 
• Marsilea hirsuta  
• Lotus cruentus 
• Stemodia grossa 
• Operculina aequisepala 
• Calotis latiuscula 
• Goodenia pascua 
• Ipomoea racemigera (Priority 2) 
 

Note: TC = Turee Creek, 7M = Seven Mile Creek, DGS = Doggers Gorge Spring 
 

Recordings of particular note within the “Tree” and “Tall Shrubs” strata 

Melaleuca argentea; while present, this species was quite restricted along Turee Creek, and absent 
from Seven Mile Creek.   

Sesbania formosa; recorded as scattered to common throughout the wettest parts of Seven Mile 
Creek, which occur sporadically from adjacent to the Paraburdoo golf course to its intersection with the 
Paraburdoo range.    However this species was recorded as absent from Pirraburdu Creek. This species 
exhibits a distribution which alludes to the potential for it to be classified as an obligate phreatophyte 
with respect to its requirement for access to groundwater.  There are also Pilbara examples of this 
species which would suggest that it is a facultative phreatophyte. Habitats at Ratty springs on Pirraburdu 
Creek appeared to be similarly wet, and similarly persistent in the loger term Landsat data and thus 
capable of supporting this species, but instead it was absent.   

Washintonia sp.; Populations on Seven Mile Creek have become increasingly dense in some locations.  
This is indicative of the presence of consistently ‘mesic’ riparian habitats. Interestingly a good number 
of these populations occurred on the wetter stretches of Sevn Mile Creek which lie outside of the 
influence of discharge from the minsite.   

Phoenix dactylifera; a small population of this species was present along the apparently permanent 
pool immediately adjacent to (downstream side) the point where the road to Ratty springs crosses Seven 
Mile Creek (E: 565958, N: 7432766; MGA Zone 50). The presence of this species speaks to the likely 
permanence of this water body, and topographic maps (Geoscience Australia 2019) also indicate the 
presence of a larger pool at the location; one of only 5 larger pools (i.e. polygons rather than point 
markers) marked on the 50k topographic mapping of Bellary/Seven Mile Creek.  Three of the five larger 
marked pools occur in the area; one approximately 900m upstream of this pool and another (Kelly’s 
Pool) 3km downstream.  The remainder occur on Bellary Creek closer to Tom Price.  

 

Recordings of particular note within the Shrub strata 

Cullen leucanthum; the presence of this speciies in small populations on Turee Creek was interesting.  
The only records of this species were at the downstream end of the more westerly of only two reaches 
of Turee Creek where large Melaleuca argentea dominated communities were mapped.   In other areas 
this species appears to typically be associated with areas possessing stable and shallow groundwater 
(and generally absent from more ephemeral systems). As a result it is thought that these records (along 
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with the M. argentea community present) indicate an increase (or spike) in the quality and consistency 
of ‘mesic’ riparian habitats at the locality.   

Acacia ampliceps; Abundant populations of this species within Turee, Seven Mile and Pirraburdu 
creeks was notable, and indicatve of broadly mesic conditions through those areas.   

Melaleuca bracteata; the same conculsion (as made for A. ampliceps), however with slightly reduced 
confidence, can be said for the presence of M. bracteata. However, M. bracteata generally wasn’t as 
abundant as A. ampliceps, except in some areas such as the downstream end of Ratty Springs where 
this species formed an abundant and dominant understorey component in places.  M. bracteata can 
often be more preferential in its distribution, and appears as though it generally prefers the lower energy 
fluvial habitats, or positions where substrates ensure it is better able to maintain a foothold into the 
alluvials. As a result it was interesting to find it in large numbers within a tight stretch of the Ratty Springs 
gorge where the confined flow regime would increase flow rates and erosion/disturbance potential.   This 
location also represented the downstream terminus of Ratty Springs, with the abundance of M. bracteata 
and A. ampliceps at this location likely speaking to the location also providing ‘mesic’ habitats of the 
higest degree of stability and consistency for Ratty Springs (likely also a product of shading/protection 
afforded by the position deep in the Pirraburdu gorge). 

Recordings of particular note within the Small shrubs and Macrophytes strata 

Samolus repens & Samolus sp. Millstream; are generaly highly restricted in their distribution and 
represent interesting finds. While relatively abundant in the relevant habitats and generally restricted to 
Turee Creek, the single recorded location of S. repens in Seven mile creek is also quite interesting.  The 
single Seven Mile Creek record occurred directly overhead of the boundary of the underlying McRae 
Shale formation. This formation essentially holds back groundwater upstream of that point for several 
kilometres, and potentially represents an increasingly stable ‘mesic’ habitat for the locality.  

Schoenus falcatus; this species is even more restricted than Samolus spp., and so the presence of 
this species at Doggers Gorge spring is an interesting find. The distribution of this species is highly 
restricted and appears (from survey experience) to be only be associated with the most stable of 
‘mesic/hydrophytic’ habitats, typically where groundwater discharge and surface pooling ensures 
perennially moist/wet surface/sub-surface conditions. In the arid climate of the pilbara this species is 
best classed as a hydrophyte. When talking about endemic diversity and its conservation in Australia’s 
artesian desert springs; Rossini et al., suggested that Schoenus falcatus was one of a range of plants 
normally associated with habitats supporting “spring endemics”.  This species has also been listed as a 
wetland indicator species by the QDES (2018).  

Recordings of particular note within the Herb strata 

Eragrostis cf. surreyana; this species is also quite restricted and again represents a cryptic find for the 
study. While it’s not yet clear which entity this record represents, traditionally E. surreyana (Priority 3) is 
known from wetlands, soak/seeps, and major drainage lines, and the record at Paraburdoo potentially 
represents a southerly range extension of over 150km.  Untill recently when Rio Tinto recorded this 
species in Caves Creek, the closest record was on Wheelamurra creek just north of Hamersley Station.   
The new record as part of this study was made at a small spring adjacent to Fork Creek and near its 
confluence with Turee Creek and Turee Creek East Branch.  This record appears to represent a 
southerly range extension to the known distribution of E. surreyana (P3) by approximately 100 
kilometers.  

Riparian Weeds  

Weed species of revevance to the assessment/identification of ‘mesic’ habitats, and which were 
recorded as part of this study included: 
 
• *Ruellia simplex 
• *Ricinus communis 
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• *Washingtonia sp. 
• *Pheonix dactylifera 
• *Leucaena leucocephala 
• *Sonchus oleraceus 
• *Asphodelus fistulosus 
 

Weed Recordings of particular note 

Ruellia simplex; this species is a new and concerning record from the area which appears to be a 
garden escapee from Paraburdoo.   This species was specifically associated with the wettest habitats 
within parts of Seven Mile creek preceeding the McRae Shale barrier and likely supported by recent 
inundation in this area due to surplus mine water discharge.   
 
Ricinus communis; similar distributions to that of R. simplex (i.e. association with wet areas) are true 
for the castor oil plant (R. communis).  This species was found in small numbers in a few scattered 
locations along the wettest parts of Seven Mile Creek; which occurs from adjacent to the golf course to 
its intersection with the Paraburdoo range. This distribution was similar to the weedy palms of the area, 
but R. communis was also more restricted appearing to prefer wetter habitats than Washingtonia sp.    
 
Date Palms (Phoenix dactylifera); this species was relatively rare and associated with permanent 
surface water pools in one location, whereas the Washingtonia palms were consistently scattered 
throughout the moist zones of Seven Mile creek, upstream of its dissection of the Paraburdoo Range.  
 
Leucaena leucocephala; this species was also detected in two locations closer to the Paraburdoo 
Townsite, both relatively Mesic habitats.  
 
All of these weed species noted in this section appear to be likely escapees from the Paraburdoo town 
site, except the more widely distributed species susch as *Sonchus oleraceus.     
 
Further detail on the riparian flora species recorded during this study and other relevant studies is 
presented in Appendices D-H:   
 

• Appendix D presents the species list from relevé and opportunistic sampling conducted as part 
of this study (135 species in total).   

• Appendix E presents a combined species list from sampling conducted as part of this study 
and riparian quadrats and relevés from relevant riparian habitats sampled by Astron (2018)(281 
species in total).   

• Appendix F presents a Species by site matrix for relevés collected as part of this study; Seven 
Mile, Pirraburdu, and Turee Creeks.  

• Appendix G presents a species by site matrix for riparian quadrats and relevés conducted in 
relevant riparian habitats by Astron (2018). 

• Appendix H presents Site Data from Relevés collected as part of the current study; Seven Mile, 
Pirraburdu, and Turee Creeks.  

 

4.3. Riparian Vegetation Units  

From the field work undertaken, 16 key riparian vegetation types were delineated (C1A, C1B, C1C, C2A, 
C2B, C2C, D7A, D7B, D7C, D8A, D8B, D8C, D8D, D9, D14 & P), with a further 20 ‘mesic’ variations of 
these vegetation types included in the riparian mapping.  The mapped variants (herein reffered to as 
sub-types) of the mapped vegetation types are differentiated as a result of the 
presence/absence/abundance of key ‘mesic’ indicator species, landscape position, relative 
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condition/health and degree of modification observed.  This vegetation sub-type level of detail was 
created to provide detail and adequate scale in the sensitivity, significance and risk ranking process 
(and subsequent impact assessment), but not to infer additional vegetation types or associations for 
consideration at the biodiversity conservation level.  

With respect to coding of vegetation types; an effort was made to maintain the logic and intent of coding 
attributed to recent GDE mapping conducted by the Rio Tinto.  However it was also deemed important 
include the coding of the key riparian units mapped by Astron (2018). As a result the same coding regime 
as recent Rio Tinto riparian mapping projects (Rio Tinto 2015, Rio Tinto 2017 and Rio Tinto 2018) was 
incorporated with the recent Astron (2018) codes of relevance. In the case of the Astron (2018) work, 
key riparian vegetation types/codes relevant to the drainage systems mapped as part of this study were 
D7, D8, D9, and D14. Where appropriate these units/codes and their broad-scale intent have been 
maintained in this study. However; given the alternative focus and increased level of detail of this study, 
the vegetation descriptions, classifications and spatial boundaries applied to each are slightly different 
in this study. 

For the key vegetation types mapped and the associated vegetation coding used, the following 
patterns and key distinctions are relevant;  

• C1 communities possess Melaleuca argentea as a dominant/co-dominant overstorey 
component; 

• C2 communities represent those where the overstorey is dominated by Eucalyptus 
camaldulensis alone; 

• D7 communities represent those where the overstorey is co-dominated by Eucalyptus 
camaldulensis and E. victrix;   

• D8 communities represent those where the overstorey is dominated by Eucalyptus victrix 
alone 

• D9 & D14 communities generally don’t possess a consistent phreatophytic overstorey 
component. 

• The A, B, and C coding’s which are added to the end of the initial codings outlined above (eg., 
the A in C1-A, or the B in D7-B, or the C in D8-C etc.) are broadly used to delineate 
differences in overstorey structure; i.e. ‘Open-forest to Forest’, ‘Open-forest’, ‘Woodland’, 
‘Open-woodland’ etc; 

The entire suite of vegetation units (key types and sub-types) identified and mapped as part of this study 
are presented in Table 4-1.  Detailed spatial vegetation mapping for all vegetation types and sub-types 
is presented in Appendix B.   

Summary maps of the riparian vegetation mapping were also produced (Figures 4-3 to 4-5).  These 
maps not only present broader scale vegetation trends, but they also help to present increasing potential 
for the presence of GDV.  These maps were produced by amalgamating all C1, C2-A, C2B/C2C, D7, 
D8, and D9/D14 coded vegetation types produced as part of this study.  In this case amalgamation 
involves combining the spatial bounds of all vegetation types and sub types which posess these initial 
vegetation codings.  For example, in the case if C1, the C1-A, C1-B, and C1-C vegetation types are 
amalgamated, or in the case of D7, the D7-A, D7-B, and D7-C vegetation tyes are amalgamated and so 
on.  

For times when vegetation units are amalgamated to their broader groups in discussion, for example, 
when talking about all C1 coded vegetation types being of elevated significance; these summary maps 
of riparian vegetation mapping are increasingly useful. 
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Figure 4-1: Persistence mapping produced over Study Areas 1-3 as part of the current study (Landsat imagery 1988-2019, NDVI threshold of 0.32). 
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Figure 4-2: Persistence mapping over study areas 1-3 and showing the extent of 2018 field investigations conducted as part of this study (Landsat imagery 1988-2019, NDVI threshold of 0.32).  
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Table 4-1:  Vegetation Descriptions, Coding, classification and notes for all Riparian vegetation types / Sub-Types mapped as part of this study. 
Su

b-
ty

pe
 ID

 

Ve
ge

ta
tio

n 
Ty

pe
 #

 
Mapping Code 

Do
m

in
an

t  
O

VE
RS

TO
RE

Y 
sp

ec
ie

s 

O
VE

RS
TO

RE
Y 

St
ru

ct
ur

al
 

Fo
rm

at
io

n 
Cl

as
s 

 Key Veg type 
determinants 

Mesic Riparian Regime 
Classification 

Végétation Description 

Notes 
Ke

y 
Ve

ge
ta

tio
n 

Ty
pe

s 

Su
b-

ty
pe

s /
 

Va
ria

nt
s Upper Strata Middle Strata Lower Strata 

1 1 C1-A C1-A MA Open Forest 
Melaleuca argentea 
(mature) Present and 
Dominant 

Persistently Wet-‘Mesic’ + 
consistently shallow 
alluvial aquifer 

Melaleuca argentea (mature) (plus EC) 
open forest, over scattered Acacia coriacea 
subsp. Pendens and Sesbania formosa low 
trees.  

Acacia ampliceps (Melaleuca linophylla) tall open 
shrubland (to tall shrubland in places), over 

Samolus sp. Millstream (M.I.H. Brooker 2076), 
Pluchea rubelliflora low open shrubland, with 
Cyperus vaginatus very open (to open) sedgeland. 

  

2 

2 C1-B 

C1-Ba MA-EC Open Forest 
Mature Melaleuca 
argentea present, but 
not dominant. 

Persistently Wet-‘Mesic’ + 
consistently shallow 
alluvial aquifer 

Eucalyptus camaldulensis, Melaleuca 
argentea (mature to semi-mature) open 
forest, over scattered Acacia coriacea 
subsp. Pendens low trees.  

Acacia ampliceps, Melaleuca linophylla 
(Melaleuca glomerata, Acacia citrinoviridis) tall 
open shrubland (to tall shrubland) 

Pluchea rubelliflora low open shrubland, over 
Cyperus vaginatus open sedgeland, over Cenchrus 
ciliaris very open tussock grassland. 

Occurs in small 
Patches; generally 
with only scattered 
mature MA individuals 
present.  

3 C1-Bb MA-EC 
Woodland 
to Open 
Forest 

Melaleuca argentea 
(mature) Present and 
Co-Dominant 

Persistently Wet-‘Mesic’ + 
consistently shallow 
alluvial aquifer 

Eucalyptus camaldulensis woodland to 
open forest, over Melaleuca argentea 
(Young to mature) low woodland (to low 
open woodland).  

Acacia coriacea subsp. Pendens, Acacia ampliceps 
(Melaleuca linophylla/M. glomerata) tall open 
shrubland (to tall shrubland). 

Pluchea rubelliflora low open shrubland, over 
Cyperus vaginatus open sedgeland (Samolus sp. 
Millstream (M.I.H. Brooker 2076)), over Cenchrus 
ciliaris scattered to very open tussock grassland. 

  

4 3 C1-C C1-C EC + MA 
Woodland 
to Open 
Forest 

Melaleuca argentea 
(Young to Semi-mature) 
Present and Co-
Dominant 

Persistently Wet-‘Mesic’ + 
typically shallow alluvial 
aquifer 

Eucalyptus camaldulensis woodland to 
open forest, over Melaleuca argentea 
scattered low trees (to low open 
woodland).  

Acacia coriacea subsp. Pendens, Acacia ampliceps 
(Melaleuca linophylla, Acacia citrinoviridis) tall 
open shrubland (to tall shrubland). 

Cyperus vaginatus open sedgeland, over Cenchrus 
ciliaris scattered to very open tussock grassland.   

5 

4 C2-AA 

C2-AA ECD Open Forest 
to Forest 

E. camaldulensis 
Dominated - Open 
forest/forest - Wet - 
Sesbania formosa 
Present and at times Co-
dominant 

Persistently Wet-‘Mesic’ + 
typically shallow alluvial 
aquifer, or bedrock forcing 
alluvial aquifer to be 
shallow/surface  

Eucalyptus camaldulensis open forest (to 
forest), over Sesbania formosa (Eucalyptus 
victrix) scattered low trees (to low open 
woodland).  

Acacia coriacea subsp. Pendens, Melaleuca 
linophylla, Acacia ampliceps tall shrubland (with 
scattered Melaleuca bracteata and Washingtonia 
sp.). 

Cyperus vaginatus open sedgeland, over Cenchrus 
ciliaris, Cynodon dactylon open tussock grassland, 
with braided channels filled with Typha 
domingensis and Schoenoplectus subulatus 
dissecting forest floor in places)(scattered/isolated 
Washingtonia sp. fringe channels in places) 

  

7 C2-AA-H ECD Open Forest 
to Forest 

E. camaldulensis 
Dominated - Open 
forest/forest - Wet - 
Heavily modified, 
Discharge and 
Disturbance  

Persistently Wet-‘Mesic’ + 
typically shallow alluvial 
aquifer (partly artificial) 

Eucalyptus camaldulensis open forest (to 
forest), over Sesbania formosa (Eucalyptus 
victrix, Washingtonia sp.) scattered low 
trees (to low open woodland).  

Acacia coriacea subsp. Pendens, Melaleuca 
linophylla (Melaleuca glomerata), Acacia 
ampliceps tall shrubland (with scattered 
Melaleuca bracteata, Washingtonia sp., and 
Acacia citrinoviridis). 

Cyperus vaginatus open sedgeland, over Cenchrus 
ciliaris, Cynodon dactylon open tussock grassland, 
with braided channels filled with Typha 
domingensis and Schoenoplectus subulatus  
dissecting forest floor in places)(Channels include 
Ruellia sp. Infestations in wettest zone) 

  

6 C2-AA-R ECD Open Forest 
to Forest 

E. camaldulensis 
Dominated - Open 
forest/forest - Wet - 
Melaleuca Bracteata 
abundant  

Persistently Wet-‘Mesic’ + 
typically shallow alluvial 
aquifer, or bedrock forcing 
alluvial aquifer to be 
shallow/surface  

Eucalyptus camaldulensis open forest (to 
forest), over Eucalyptus victrix and Acacia 
coriacea subsp. Pendens scattered low 
trees,  

Melaleuca linophylla, Melaleuca bracteata, and 
Acacia ampliceps tall shrubland (with scattered 
Acacia citrinoviridis). 

Cyperus vaginatus open sedgeland, over Cenchrus 
ciliaris (Cynodon dactylon) open tussock grassland, 
with braided channels filled with Typha 
domingensis and Schoenoplectus subulatus 
dissecting forest floor in places)   

  

8 

5 C2-A 

C2-A ECD Open Forest 
(to Forest) 

E. camaldulensis 
Dominated - Open 
Forest (to Forest) 

Typically Wet-‘Mesic’ + 
Typically shallow alluvial 
aquifer, or bedrock forcing 
alluvial aquifer to be 
shallow/surface  

Eucalyptus camaldulensis open forest (to 
forest in places), over Acacia coriacea 
subsp. pendens scattered low trees.  

Melaleuca glomerata/ Melaleuca linophylla 
(Acacia ampliceps, Acacia citrinoviridis) tall 
shrubland,  

Cyperus vaginatus very open sedgeland, over 
Cenchrus ciliaris  (Cynodon dactylon) open 
hummock grassland, with some braided channels 
filled with Typha domingensis and Schoenoplectus 
subulatus dissecting forest floor in places)   

  

9 C2-A-T EC Open Forest 

Large Creek (Turee) - E. 
camaldulensis 
Dominated - Open 
Forest  

Typically Wet-‘Mesic’ + 
typically shallow alluvial 
aquifer. 

Eucalyptus camaldulensis open forest (to 
woodland), over Acacia coriacea subsp. 
pendens scattered low trees (to low open 
woodland).   

Acacia ampliceps, Melaleuca glomerata (A. 
citrinoviridis) tall open shrubland (with scattered 
Crotalaria cunninghamii) over  

Cyperus vaginatus open (to very open) sedgeland 
over Pluchea rubelliflora low open shrubland over 
*Cenchrus ciliaris open (to very open) tussock 
grassland. 
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10 

6 C2-B 

C2-B EC Open Forest 
E. camaldulensis 
Dominated - Open 
Forest  

Often Wet, Several ‘Mesic’ 
components present + 
typically shallow alluvial 
aquifer. 

Eucalyptus camaldulensis open forest (to 
woodland), over Acacia coriacea subsp. 
pendens (Eucalyptus victrix) low open 
woodland. 

Melaleuca glomerata (M. linophylla, Acacia 
citrinoviridis) tall shrubland (with Scattered 
Acacia ampliceps in places) over Tephrosia rosea 
var. Fortescue Creeks scattered low shrubs over  

Cyperus vaginatus scattered to very open 
sedgeland, over Cenchrus ciliaris open tussock 
grassland, with some braided channels filled with 
Typha domingensis dissecting the forest floor in 
places)   

  

11 C2-B-H EC Open Forest 

Open forest - Semi Wet - 
Heavily modified, 
Discharge and 
Disturbance  

Typically Wet (part 
discharge), Several ‘Mesic’ 
components present + 
typically shallow alluvial 
aquifer. 

Eucalyptus camaldulensis open forest (to 
woodland), over Acacia coriacea subsp. 
pendens (Eucalyptus victrix) low open 
woodland. 

Melaleuca glomerata (M. linophylla, Acacia 
citrinoviridis) tall shrubland (with Scattered 
Acacia ampliceps in places) over Tephrosia rosea 
var. Fortescue Creeks scattered low shrubs over  

Cyperus vaginatus scattered to very open 
sedgeland, over Cenchrus ciliaris open tussock 
grassland, with some braided channels filled with 
Typha domingensis dissecting the forest floor in 
places)   

  

12 C2-B-S EC Open Forest 

Neerambah SPRING 
vegetation - E. 
camaldulensis 
Dominated - Open 
Forest  

Often Wet (historical), 
‘Mesic’ components 
present + typically 
connected to aquifer 
(historical). 

Eucalyptus camaldulensis open forest (to 
woodland) over Acacia coriacea subsp. 
Pendens scattered low trees over,  

Acacia sclerosperma, Stylobasium spathulatum 
(Acacia synchronicia) tall shrubland (with 
scattered Acacia ampliceps), over mixed low 
open shrubland (including Commicarpus australis, 
Rhagodia eremaea, Jasminum didymum),  

*Cenchrus ciliaris very open tussock grassland with 
*Malvastrum americanum scattered herbs and 
Cyperus vaginatus scattered sedges.  

Neerambah Spring 
(possibly named wrong in 
this case may be Mud spring) 
- Significant - Tamarix 
infestation coming 
back.  Some minor 
Evidence of historical 
presence of Melaleuca 
argentea. 

14 

7 C2-C 

C2-C-S EC Woodland 
Mud Spring - E. 
camaldulensis 
Dominated - Woodland 

Often Wet (historical), 
‘Mesic’ components 
present + typically 
connected to aquifer 
(historical). 

Eucalyptus camaldulensis woodland over,  
Acacia sclerosperma, Stylobasium spathulatum 
(Acacia synchronicia) tall open shrubland, over 
mixed low open shrubland,  

*Cenchrus ciliaris very open tussock grassland with 
*Malvastrum americanum scattered herbs and 
Cyperus vaginatus scattered sedges.  

Named Locality: Mud 
Spring  (may be named 
wrong and instead this is 
Neerambah spring – some 
conflicting evidence present) 

13 C2-C EC Woodland E. camaldulensis 
Dominated - Woodland 

At times Wet, Some 
‘Mesic’ components 
present + typically shallow 
alluvial aquifer. 

Eucalyptus camaldulensis woodland over 
Acacia coriacea subsp. Pendens low trees 
over,  

Acacia citrinoviridis, Melaleuca glomerata 
(Petalostylis labicheoides, Acacia pyrifolia) tall 
open shrubland over  

*Cenchrus ciliaris open tussock grassland with 
*Malvastrum americanum scattered herbs and 
Cucumis variabilis scattered climbers. 

  

15 C2-C-H EC OW TO W 

E. camaldulensis 
Dominated - Woodland  
heavily modified, 
Discharge and 
Disturbance  

Often Wet (part discharge), 
Some ‘Mesic’ components 
present + typically shallow 
alluvial aquifer. 

Eucalyptus victrix, Eucalyptus 
camaldulensis woodland to open woodland 
over  

Acacia citrinoviridis, Melaleuca glomerata 
(Petalostylis labicheoides, Acacia pyrifolia) tall 
open shrubland over  

*Cenchrus ciliaris very open tussock grassland with 
*Malvastrum americanum scattered herbs and 
Cucumis variabilis scattered climbers. 

  

16 C2-C-
MG EC 

Woodland 
to Open 
Forest 

E. camaldulensis 
Dominated - Woodland - 
Melaleuca glomerata 
Open scrub 

At times Wet, Common 
Surface water flow path - 
Some ‘Mesic’ components 
present + typically shallow 
alluvial aquifer. 

Eucalyptus camaldulensis woodland over 
Acacia coriacea subsp. Pendens (Eucalyptus 
victrix) low trees over,  

Melaleuca glomerata (Acacia citrinoviridis, Acacia 
pyrifolia) tall open scrub, over scattered 
Plumbago zeylanica shrubs (to open shrubland in 
places) 

*Cenchrus ciliaris open tussock grassland with 
*Malvastrum americanum scattered herbs and 
Cucumis variabilis scattered climbers. 

  

17 

8 

 
 
 
 
 

D7-A                                                      
 
 
 

 
 

D7-A EC & EV Open Forest 

E. camaldulensis/E. 
victrix Dominated - 
Open Forest - Melaleuca 
glomerata Open scrub 

At times Wet, Limited 
‘Mesic’ components 
present + typically shallow 
alluvial aquifer. 

Eucalyptus camaldulensis, E. victrix open 
forest, over Acacia coriacea subsp. 
Pendens scattered low trees, over  

Melaleuca glomerata/M. linophylla, Acacia 
citrinoviridis tall shrubland (to tall open 
shrubland)  

Corchorus crozophorifolius, Tephrosia rosea var. 
Fortescue creeks scattered low shrubs over 
*Cenchrus ciliaris tussock grassland with scattered 
Cyperus vaginatus sedges. 

  

19 D7-A-T EC & EV Open Forest 
(TO W) 

Large Creek (Turee) - E. 
camaldulensis/E. victrix 
Dominated - Open 
Forest to woodland 

At times Wet, ‘Mesic’ 
components present + 
often shallow alluvial 
aquifer. 

Eucalyptus camaldulensis, E. victrix 
woodland to open forest, over Acacia 
coriacea subsp. pendens scattered low 
trees (to low open woodland), over  

Melaleuca glomerata, Acacia citrinoviridis tall 
shrubland (with scattered Acacia ampliceps) 

*Cenchrus ciliaris open tussock grassland (to 
tussock grassland). Over Corchorus crozophorifolius 
and Tephrosia rosea var. Fortescue creeks scattered 
low shrubs, with scattered Cyperus vaginatus 
sedges. 
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18 

 
D7-A 

(continued) D7-M-S EC & EV 
Woodland 
to Open 
Forest 

Neerambah SPRING 
vegetation - Decline 
zone - Modified aquifer  

Historically Wet, Some 
‘Mesic’ components 
present + typically 
indirectly connected to 
aquifer (historical). 

Woodland to Open forest of Eucalyptus 
camaldulensis and E. victrix, plus Tamarix 
aphylla and others ?Melaleuca argentea.  

Not clear Not clear 

Vegetation in this area 
experienced decline. 
Tamarix aphylla 
population re-
sprouting in this area.  

20 

9 D7-B 

D7-B EC & EV Woodland 
E. camaldulensis/E. 
victrix Dominated - 
Woodland 

At times Wet, only low 
level ‘Mesic’ components 
present + alluvial aquifer 
shallow at times. 

Eucalyptus camaldulensis, E. victrix 
woodland (to low woodland) 

A. coriacea subsp. Pendens, Acacia citrinoviridis 
tall shrubland (Melaleuca glomerata/M. 
linophylla, Petalostylis labicheoides) over Acacia 
pyrifolia, *Aerva javanica, Corchorus 
crozophorifolius open shrubland, over  

*Cenchrus ciliaris open tussock grassland. Over 
Corchorus crozophorifolius  and Tephrosia rosea var. 
Fortescue creeks scattered low shrubs 

Includes the named 
Locality: Neerambah 
Spring (name may be 
misapplied here) 

21 D7-B-S EC & EV Woodland 

Neerambah Spring 
Vegetation - E. 
camaldulensis/E. victrix 
Dominated - Woodland 

Historically Wet, Limited 
‘Mesic’ components 
present + typically 
indirectly connected to 
aquifer (historical). 

22 D7-B-
MG EC & EV Woodland 

E. camaldulensis/E. 
victrix Dominated - 
Woodland - Melaleuca 
glomerata Open scrub 

At times Wet, Common 
Surface water flow path - 
Limited ‘Mesic’ 
components consistently 
present + alluvial aquifer 
shallow at times. 

Eucalyptus camaldulensis, E. victrix 
woodland (to low woodland) 

Melaleuca glomerata (Acacia citrinoviridis, A. 
coriacea subsp. Pendens, Acacia pyrifolia) tall 
open scrub, over Plumbago zeylanica (Aerva 
javanica, Corchorus crozophorifolius) scattered 
shrubs, over 

*Cenchrus ciliaris open (to very open) tussock 
grassland, over Tephrosia rosea var. Fortescue 
creeks scattered low shrubs with *Malvastrum 
americanum scattered herbs and Cucumis variabilis 
scattered climbers. 

  

23 10 D7-C D7-C EC & EV Open 
Woodland 

E. camaldulensis/E. 
victrix Dominated - 
Open Woodland 

At times Wet, only low 
level ‘Mesic’ components 
consistently present + 
alluvial aquifer typically 
accessible to overstorey.  

Eucalyptus camaldulensis, E. victrix open 
woodland (to low open woodland)  

Acacia coriacea subsp. Pendens, Acacia 
citrinoviridis, Melaleuca glomerata tall shrubland, 
over Acacia pyrifolia scattered shrubs, over 

*Cenchrus ciliaris very open (to open) tussock 
grassland, over Corchorus crozophorifolius, 
Tephrosia rosea var. Fortescue creeks scattered low 
shrubs with Cucumis variabilis scattered climbers. 

  

24 11 D8-A D8-A EV W TO OF 
E. victrix Dominated - 
Woodland to Open 
Forest 

At times Wet, only low 
level ‘Mesic’ components 
present + alluvial aquifer 
typically accessible (at 
depth) to overstorey.  

Eucalyptus victrix woodland (to open forest 
in places) 

Acacia coriacea subsp. pendens, Melaleuca 
glomerata, Acacia citrinoviridis tall open 
shrubland (to tall shrubland), over Acacia pyrifolia 
scattered shrubs, over 

Cenchrus spp. open tussock grassland, over 
Corchorus crozophorifolius, Tephrosia rosea var. 
Fortescue creeks (*Aerva javanica) scattered low 
open shrubland with scattered Cyperus vaginatus 
sedges. 

  

25 

12 
 
 

D8-B  

D8-B EV Woodland E. victrix Dominated - 
Woodland 

Broadly Ephemeral, Only 
Low level ‘Mesic’ 
components present (small 
component) + alluvial 
aquifer at least seasonally 
accessible (at depth) to 
overstorey.  

Eucalyptus victrix woodland (to low 
woodland) 

Acacia citrinoviridis (A. coriacea subsp. Pendens 
Melaleuca glomerata) tall shrubland, over Acacia 
pyrifolia (Petalostylis labicheoides) scattered 
shrubs, over 

 *Cenchrus ciliaris open tussock grassland, over 
Corchorus crozophorifolius, Tephrosia rosea var. 
Fortescue creeks (*Aerva javanica) scattered low 
shrubs. 

  

26 D8-B-
MG EV Woodland 

E. victrix Dominated - 
Woodland - Melaleuca 
glomerata Open scrub 

At times Wet, Common 
Surface water flow path - 
Only Low level ‘Mesic’ 
components present + 
alluvial aquifer potentially 
seasonally accessible (at 
depth) to overstorey.  

Eucalyptus victrix woodland  (to low 
woodland) 

Melaleuca glomerata / M. linophylla (Acacia 
coriacea subsp. pendens) tall open scrub  

Cenchrus ciliaris open tussock grassland, over 
Corchorus crozophorifolius, Tephrosia rosea var. 
Fortescue creeks (*Aerva javanica) scattered low 
shrubs. 

  

27 13 

 
 

D8-C 
 

D8-C EV Open 
Woodland 

E. victrix Dominated - 
Open Woodland 

Broadly Ephemeral, Only 
Low level ‘Mesic’ 
components present + 
alluvial aquifer may not be 
accessible to overstorey.  

Eucalyptus victrix open woodland (to low 
open woodland) 

Acacia citrinoviridis tall open shrubland, over 
Melaleuca glomerata, Acacia pyrifolia, 
Petalostylis labicheoides open shrubland, over 

Cenchrus spp. very open tussock grassland, over 
Triodia epactia scattered hummock grasses, over 
Corchorus crozophorifolius and Ptilotus obovatus 
scattered low shrubs. 
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28 

 
 

D8-C 
Continued 

D8-C-
MG EV Open 

Woodland 

E. victrix Dominated - 
Open Woodland - 
Melaleuca glomerata 
Open Scrub 

Broadly Ephemeral, 
Common Surface water 
flow path - Only Low level 
‘Mesic’ components 
present + alluvial aquifer 
may not be accessible to 
overstorey.  

Eucalyptus victrix open woodland Melaleuca glomerata / M. linophylla tall open 
scrub (to tall shrubland) 

Cenchrus spp. open tussock grassland with 
scattered Cyperus vaginatus sedges and scattered 
Stemodia grossa low shrubs. 

  

29 

14 D8-D 

D8-D EV 

Scattered 
Trees (To 
Open 
Woodland) 

E. victrix Scattered Trees 
-Shrubland 

Broadly Ephemeral, ‘Mesic’ 
components generally 
absent + alluvial aquifer 
unlikely to be accessible to 
overstorey.  

Eucalyptus victrix scattered low trees. 

Acacia citrinoviridis tall open shrubland (to tall 
shrubland), over Acacia pyrifolia, Petalostylis 
labicheoides (Senna artemisioides subsp. 
oligophylla) scattered shrubs to open shrubland, 
over 

Cenchrus spp. very open tussock grassland, over 
Corchorus crozophorifolius, Ptilotus obovatus and 
Indigofera monophylla scattered low shrubs. 

  

30 D8-D-H EV 

Scattered 
Trees (To 
Open 
Woodland) 

E. victrix Scattered Trees 
-Shrubland - Heavily 
Modified, disturbance. 

Broadly Ephemeral, ‘Mesic’ 
components generally 
absent + alluvial aquifer 
not accessible to 
overstorey.  

Eucalyptus victrix scattered low trees. 
Acacia citrinoviridis scattered tall shrubs, over 
Acacia pyrifolia, Petalostylis labicheoides 
scattered shrubs  

Cenchrus spp. very open tussock grassland, over 
Corchorus crozophorifolius scattered low shrubs.   

31 D8-D-S EV Scattered 
Low Trees 

Neerambah Spring 
Vegetation - E. victrix 
Scattered Trees -
Shrubland 

Broadly Ephemeral, ‘Mesic’ 
components generally 
absent + alluvial aquifer 
not accessible to 
overstorey.  

Eucalyptus victrix scattered low trees. 
Acacia citrinoviridis, A. sclerosperma subsp. 
Sclerosperma, Acacia synchronicia tall open 
shrubland (to tall shrubland), over  

*Cenchrus spp. Very open tussock grassland 

Named Locality: 
Neerambah Spring 
(name May be 
misapplied here) 

32 15 D9 D9 

N
/A

 - 
Sh

ru
bl

an
d 

 

N/A Acacia citrinoviridis 
floodplain Shrubland  

Broadly Ephemeral, ‘Mesic’ 
components absent + 
alluvial aquifer not 
accessible. 

N/A 

Acacia citrinoviridis (A. aneura sens. Lat, Acacia 
wanyu (generally on the outer floodplain)). tall 
shrubland, over mixed open shrubland with 
Petalostylis labicheoides, Acacia synchronicia, 
Senna artemisioides subsp. Oligophylla, 
Eremophila fraseri, Acacia sclerosperma etc., 

*Cenchrus species open tussock grassland, over 
mixed scattered low shrubs.   

33 16 D14 D-14 

N
/A

 - 
Sh

ru
bl

an
d 

 

N/A Acacia citrinoviridis 
upper terrace Shrubland  

Broadly Ephemeral, ‘Mesic’ 
components absent + 
alluvial aquifer not 
accessible. 

N/A Acacia citrinoviridis, A. sclerosperma subsp. 
sclerosperma tall open shrubland  

*Cenchrus spp. open tussock grassland, over Triodia 
epactia open hummock grassland   

34 N
/A

 C2-AA 
(pool is 

artificial) 
P-M N/A N/A Artificial/Modified POOL 

Persistently Wet-‘Mesic’ + 
typically shallow alluvial 
aquifer, or bedrock forcing 
alluvial aquifer to be 
shallow/surface  

N/A Mixed scattered shrubs fringing pool  

Vegetation modified: at times represented by 
Typha domingensis sedgeland, with Schoenoplectus 
subulatus, and Potamogeton spp. In certain zones, 
with Cynodon dactylon open tussock grassland on 
edges. 

Artificial Pool created 
by damming of surface 
flows, discharge & 
ground water behind 
the haul Road.  

35 17 P P N/A N/A Natural Pool 

Persistently Wet-‘Mesic’ + 
typically shallow alluvial 
aquifer, or bedrock forcing 
alluvial aquifer to be 
shallow/surface  

N/A Mixed scattered shrubs fringing pool  
Variable (typically): Typha domingensis sedgeland, 
with Schoenoplectus subulatus, and Potamogeton 
spp. In certain zones. 

Pool mapping is not 
exhaustive.  Only the 
most permanent 
pools were mapped in 
areas where traverses 
were extensive. 

36 N
/A

 

SB SB N/A N/A Bare beds N/A Scoured beds – Generally devoid of 
consistent vegetation formations Isolated mixed trees/shrubs/grasses  Scoured beds  
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Figure 4-3: Summary mapping of riparian vegetation types mapped throughout the Study Areas 1 & 2; Map 1 of 3. 
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Figure 4-4: Summary mapping of riparian vegetation types mapped throughout the Study Areas 1 & 2; Map 2 of 3.   
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Figure 4-5: Summary mapping of riparian vegetation types mapped throughout the Study Areas 1 & 2; Map 3 of 3.  
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4.4. Sensitivity and Significance Mapping 

Sensitivity and significance mapping was conducted for all riparian vegetation types / sub-types and 
follows the methods described in section 3.4.1. 

Sensitivity mapping is presented in Appendix C and was not considered to be a key visual output of the 
study but was used to inform predictions of proposed impacts. The actual sensitivity values provided to 
each vegetation type/sub-type is presented in Appendix I along with the resulting significance also 
attributed to each. 

Significance mapping is presented in Figures 4-6 to 4-8. The actual significance values provided to each 
vegetation type/sub-type is presented in Appendix I along with the resulting significance also attributed 
to each. 

From this mapping exercise it was determined that the C1 (Figure 4-4 and 4-5)(i.e. C1A, C1B, C1C and 
C1D) vegetation communities of Turee Creek represent the highest significance (‘locally significant’) 
(i.e. “High” to “Very High”) riparian vegetation present in the locality. In particular, the C1A and C1B 
vegetation communities are also likely to have moderate ‘sub-regional significance’ given that they likely 
represent the southern-most examples of OPV (particularly larger representations of OPV) within the 
Hamersley Subregion. The C1 communities also possess the highest attributed hydrological sensitivity 
(“High” to “Very High”) of riparian communities in the locality. These communities and their surrounding 
riparian communities of lesser significance (C2, D7 and D8) are, however, unlikely to be impacted by 
the current proposal.  

The creeks dissecting the Paraburdoo Operations (i.e. Seven Mile and Pirraburdu Creeks) represent 
those drainage features   where hydrological changes (broadly groundwater-based) associated with the 
current mining proposal have the greatest potential to influence riparian vegetation.  In this area, the 
riparian communities of highest local significance (“Moderate-High” to “High (+)”) and the highest 
sensitivity (High to High (+)) were represented by the C2A and C2AA coded vegetation communities of 
Pirraburdu Creek (including Ratty Springs) and Seven Mile Creek. Of the drainage systems in this area, 
hydrogeological changes associated with the current proposal are only considered likely to impact 
riparian vegetation within a stretch of Seven Mile Creek, immediately before and following its dissection 
of the Paraburdoo Range.   

 

4.5. GDE/IDE classification 

From the riparian vegetation mapping, sensitivity and significance mapping and the ‘Mesic’ composition 
assessments it was determined that the most significant, sensitive and groundwater dependent 
communities present were represented by the C1 coded vegetation types.  These communities 
represented the only obligate phreatophytic vegetation (OPV) in the locality, and their presence is 
restricted to Turee Creek.   

Beyond local OPV, the C2AA and C2A coded vegetation types, and to a lesser degree C2B and C7A 
coded vegetation types represent the most significant, sensitive and groundwater-dependent vegetation 
types present on Seven Mile and Pirraburdu creeks (within and adjacent to the PO, but also present on 
Turee Creek). In general the C2A/C2AA and C2B vegetation types were represented by open forests 
(at times approaching closed forests) dominated by E. camaldulensis, with an understorey typically 
dominated by species such as Acacia coriacea subsp. pendens, Acacia citrinoviridis, shrubby Melaleuca 
species (M. glomerata, M. linophylla, M. bracteata), Acacia ampliceps and other ‘mesic/hydrophytic’ 
species which included (but is not restricted to) Sesbania formosa (in some cases) and abundant but 
commonly occurring macrophytes over a varying but typically substantial cover of Buffel grass 
(Cenchrus ciliaris). The D7A community was similar but possessed an open forest overstorey co-
dominated by E. camaldulensis and E. victrix, with similarly composed but generally less ‘mesic’ 
understoreys (Melaleuca glomerata/M. linophylla dominated).    
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All vegetation types mapped in the Study Area, were classified based on their potential groundwater 
dependence and thus whether they represent GDE’s or similar. It is acknowledged that at the upper end 
of the scale of likely groundwater dependence, this task was relatively straight forward. However; for 
communities lower down the scale and in the realm of being facultative (at best) in their groundwater 
dependence, this task was increasingly subjective and the boundaries attributed increasingly arbitrary.  

From the key vegetation types mapped; the following GDE-IDE classification was attributed to each.  
This was done in order to indicate the broad distribution of “groundwater dependent” and “potentially 
groundwater dependent” (but also equally likely to potentially be surface inflow dependent) vegetation 
in the Study Area.  For the purpose of labelling/delineating GDV, while acknowledging that placing 
explicit boundaries on such concepts is potentially incongruous, GDE were in this case considered as 
those vegetation types classed as ‘GDE with either a ‘Low-Moderate’, ‘Moderate-High’ or a ‘High’ 
groundwater dependence rating, and ‘Potential GDE’ those classed as IDE with Low and Moderate 
inflow dependence ratings. This classification is summarised by ‘vegetation type’ below in Table 4-2, 
with the complete classification for all vegetation types/sub-types, along with relevant ‘mesic’ 
composition data within Table 4-3.   

Table 4-2: Summary of GDE/IDE classification results. 
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GDE / IDE Classification                                                                      
& magnitude of dependence 

1 C1-A GDE                                                                                                         
High Dependence 2 C1-B 

3 C1-C 

GDE                                                                                                 
Moderate to High dependence 

4 C2-AA 
5 C2-A 
17 P 
6 C2-B 
7 C2-C-S 
8 D7-A 
7 C2-C GDE                                                                                                   

Moderate to Low dependence  
9 D7-B 
11 D8-A 
10 D7-C IDE                                                                                       

Moderate dependence 12 D8-B 
13 D8-C IDE                                                                                               

Low dependence 14 D8-D 
15 D9 

N/A 16 D-14 
N/A SB 

 

4.6. Significant Riparian communities within the GPO  

Significant riparian vegetation within the Greater Paraburdoo area, particularly with respect to the 
presence of GDE’s (those accessing broader scale aquifers) and potential IDE’s (i.e. those dependent 
on inflow processes and subsurface collection features) was found to be broadly restricted to 4 key 
areas: 
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1. The Riparian formations of Turee Creek; as it meanders through the range features 
associated with Mount Channar, Snowy Mountain and Mount Maguire (5000+km2 upstream 
catchment). 

2. The riparian formations associated with a 9 km stretch of Seven Mile creek; occurring between 
the Paraburdoo town site and the Paraburdoo operations (1100 km2 upstream catchment)  

3. The riparian formations associated with a 4.5 km stretch of Pirraburdu Creek (including Ratty 
Springs); where it approaches enters and winds through the Paraburdoo range (500 km2 
upstream catchment).  

4. In addition to these key formations, the riparian formations of Doggers spring (near Doggers 
Gorge) was also significant for its semi-permanent (to permanent) aquatic habitats, dense 
‘mesic’ riparian vegetation and locally restricted macrophyte components (notably possessing 
populations of the hydrophyte Schoenus falcatus).  Riparian formations in this area are 
thought to be supported by small scale discharge within basement outcropping from 
underlying aquifers occurring within lithology of the Fortescue group. 

Similar, but unstudied ‘mesic’ riparian formations to that at Doggers spring are broadly present to the 
north and north east of the GPO; supported by quite small-scale pool and spring type features which 
are dotted through the undulating ranges of local Basalt/meta-basalt dominated substrates of the 
Fortescue group. These features are likely formed by discharge from aquifers of the Fortescue group or 
the via the low infiltration rates of the Fortescue group lithology and subsequent formation of small/micro 
scale valley-floor/fractured rock aquifers interacting with dolerite dykes (and sills) which commonly 
dissect the area. Such formations are small but potentially significant where hydrogeological characters 
provide highly perennial water/moisture availability.  Furthermore, being often located in rocky/hilly 
habitats on smaller drainage features can mean they escape grazing disturbance and hold cryptic 
‘mesic’ assemblages which don’t generally inhabit high energy drainage systems. 

Further to these key areas/features; within the zone to the south of the main Paraburdoo range, where 
drainage features from the GPO area cross metasandstones and meta-dolerites of the Ashburton and 
Mount McGrath geological formations (Wyloo Group), various GDE or most likely IDE type features 
frequent the landscape over specific geological settings. In this zone, apparently ‘mesic’ riparian 
formations often don’t appear to support a consistent tree overstorey and instead are generally 
represented by broad and dense shrub-lands on braided drainage features.  It’s not yet clear what types 
of vegetation predominate these features as tenure access to these areas (off Rio Tinto Mining Tenure) 
was refused by pastoral stakeholders.  We are working with pastoralists to gain access to these areas 
in successive surveys.  

 

4.6.1. Significant Obligate Phreatophytic Vegetation in the GPO Locality  

High significance with respect to GDE/IDE type ecosystems in the Pilbara is often attributed to the 
presence of obligate phreatophytes and vegetation dominated or co-dominated by obligate 
phreatophytic species (OPS). The presence of OPV or OPS in the Paraburdoo locality and the Study 
Area was essentially restricted to Turee creek. Within the surveyed stretch of Turee creek OPV is 
relatively uncommon and larger mature representations of OPV were only detected in 2 key locations 
within a 40km stretch of the creek.  The presence of Melaleuca argentea in the southern reaches of the 
Hamersley sub-region seems to be relatively rare, and as can be seen from records of this species 
sourced from the ALA (2019)(Plate 4-1), the nearest locations apart from those on Turee creek, are to 
the south on the Ashburton river, and to the north east on the Beasley River (Woongarra Pool), 
suggesting that only larger catchment systems (in the order of 2000 km2 and greater) are likely to provide 
suitably consistent moisture availability capable of supporting this species in the longer term.  The 
catchment size required is likely to get even larger closer to the southern boundary of the Pilbara 
Bioregion, and the relative dearth of records in this zone is likely testament to this. 
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Plate 4-1: Historical Melaleuca argentea records within the Pilbara; aqua dots represent Pilbara ALA 
records, dark blue dots are Gascoyne ALA records (on the Ashburton River)(ALA 2019a), yellow dots are 
records from this survey, red dots are records from previous Rio Tinto surveys in other areas (the black 
line shows the approximate boundary between the Pilbara and Gascoyne Bioregions). 

4.6.2. Significant Facultative Phreatophytic Vegetation in the GPO Locality  

Beyond the riparian features of Turee Creek, the other significant riparian formations potentially 
representing GDE-IDE type features and occurring on large to moderate sized drainage features of the 
GPO locality, were those associated with Seven Mile Creek and its tributaries; Pirraburdu, Bellary, and 
Tableland Creeks.  This is particularly true where Seven Mile creek and Pirraburdu creek approach and 
dissect the Paraburdoo Ranges, and where recharge north of the Range effectively creates dynamic 
surficial aquifers which bank up behind the McRae Shale, Marramamba and Dolerite dyke based 
aquacludes (at least partial) present within the geology of the Paraburdoo Range features. 

The most significant of these, based on vegetation composition/structure, condition and vegetation 
persistence, were the spring/riparian formations on Pirraburdu creek where it is constricted into and 
through the Paraburdoo Range (catchment of 460 km2 at this point).  Of similar and comparable 
significance were the 'mesic' riparian formations on Seven -Mile Creek as it approaches and dissects 
the Range; particularly the section north and immediately south of the road to Ratty Springs; adjacent 
to the south west corner of the Paraburdoo golf course. This representation exhibits the highest 
persistence values of the Study Area (1988-2019 analysis period; 0.45 NDVI threshold), with some 
pixels suggesting vegetation is maintaining the NDVI threshold more than 98% of the time. The Seven 
Mile Creek vegetation formations in question generally possess a slightly more 'mesic' species 
composition, which is notably differentiated from Pirraburdu Creek by the common presence of Sesbania 
formosa (a species whose water use strategy appears to approach that of an obligate phreatophyte).  
The absence of S. formosa from Pirraburdu Creek, and its presence along with other weedy 'mesic' 
floristic components in Seven Mile Creek, is likely indicative of the significantly larger catchment of 
Seven Mile Creek (catchment of 1150 km2 at the PO), but could also be explained by the absence of S. 
formosa populations in the Pirraburdu creek catchment along with the historic supply of 'mesic' weed 
species from the Paraburdoo town site. However; while the Seven Mile Creek formations are more 
extensive, some of this persistence is a result of vegetation augmentation by surplus mine water 
discharge and discharge from the town waste water treatment plant. Despite this; the patterns and 
degree of vegetation persistence of respective vegetation on Pirraburdu creek and Ratty Springs broadly 
appears equally historically persistent in places. In addition, it is important to note that condition is 
generally substantially better and the degree of modification is comparatively low in Pirraburdu Creek 
when compared to the Seven Mile Creek formations. As a result the Pirraburdu creek formations are 
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thought to be of comparatively greater local significance than those found on Seven Mile Creek.  Not 
surprisingly where both these creeks dissect the range, some of the enhanced vegetation persistence 
and structural density of the established riparian formations are a product of the funnelling effect of the 
range features which concentrates surface and groundwater in a narrow band of effective growing 
surface.   
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Figure 4-6: Significance mapping for all riparian vegetation types, and relevant representations throughout Study Areas 1 & 2; Map 1 of 3. 
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