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Executive summary 

The Department of Science, Information Technology, Innovation and the Arts (DSITIA) was 
engaged by the Department of Natural Resources and Mines (DNRM) to investigate the 
sustainable capacity of groundwater extraction from the Great Artesian Basin (GAB) on Cape York 
Peninsula, Queensland in relation to potential risk to springs and other groundwater dependent 
ecosystems (GDEs) across the region.  
 
GDEs support important biodiversity values and they are recognised as particularly important on 
Cape York Peninsula, where access to groundwater provides a water source to ecosystems during 
the long dry season. Groundwater on Cape York Peninsula is present in both local surface 
aquifers, and the larger regional water table of the Great Artesian Basin.  
 
This report investigates the risks to groundwater dependent ecosystems (GDEs) which may 
potentially have reliance upon the Great Artesian Basin (GAB) across the Cape York Peninsula. 
The assessment identifies locations of potential springs and other potential GDEs of various types 
(baseflow streams, wetlands and terrestrial vegetation communities) present on Cape York using a 
combination of pre-existing information and remotely-sensed image analysis informed by field 
investigations.  
 
Outputs of a groundwater hydrological model representing the GAB potentiometric surface under 
current water resource development conditions were intersected with a digital elevation model of 
ground surface. This identified areas where the GAB aquifer had sufficient pressure to potentially 
connect to surface or near-surface potential GDEs, if there were hydrological connections present.  
The hydrogeology of the region was reviewed to consider the conceptual pathways for such 
connection which included faulting and diffuse vertical permeability.  The locations and rates of 
such hydrological connections between potential GDEs and the GAB were found to be poorly 
understood in the region. 
 
Additional groundwater extraction from the GAB was simulated using the groundwater hydrological 
model to define drawdown of the potentiometric surface.  Areas were identified where the potential 
for hydrological connection between the GAB and surface or near-surface potential GDEs was lost 
due to drawdown of the potentiometric surface from this additional extraction.  Any GDEs within 
such drawdown areas which are actually connected to the GAB aquifer are conceptually at risk 
from additional extraction.  Depending on the type of GDE, 24–68 per cent of the total area of 
potential GDEs within the model domain fell within the drawdown area.  However, it was not 
possible to identify which, if any, of the potential GDEs in these areas are actually connected to the 
GAB.  A probabilistic solution to this problem was applied by identifying areas of vulnerability, 
where the hydrogeological nature of the aquifer indicated a greater likelihood of vertical 
hydrological connection between the GAB and GDEs.  Within these areas, surface and near-
surface GDEs were considered more likely to be dependent on the GAB than elsewhere. It is 
important to note that this assessment has identified only the areas of most likely GAB 
dependence, and has not confirmed the occurrence of connectivity between the GAB and springs 
or potential GDEs in these areas as there was insufficient information available to imply 
dependency. 

Potential GDEs within areas of vulnerability occurred in the Ducie, Jardine, Wenlock and Archer 

catchments.  The consequence to these GDEs of exposure to drawdown was considered on a 

catchment by catchment basis using available information on their environmental values. This 

highlighted that potential GDEs with high environmental values occurred within the areas of 

vulnerability.   
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Finally, recommendations are made for additional work to fill knowledge gaps which created 

sources of uncertainty in this assessment. These include, aquifer hydrogeology, GDE source 

aquifer identification, the location and dependencies of GDE types which could not be evaluated 

and drawdown thresholds to support adaptive management of GDE risk should additional 

extraction occur.  
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Introduction 

Project background 

In May 2012, the Queensland Coordinator-General considered the environmental impact 

assessment reports for the South of Embley project and concluded the project could proceed 

subject to a number of conditions and recommendations. This included a recommendation that 

stated: 

“It is recommended to Department of Natural Resource and Mines (DNRM) as the state agency 

responsible for administering the Water Act, that work be undertaken to determine the sustainable 

capacity of the Great Artesian Basin in the Cape York region to inform on any future development 

in the region including the Aurukun bauxite resource” 

Consequently, the Department of Natural Resources and Mines (DNRM) engaged the Department 

of Science, Information Technology, Innovation and the Arts (DSITIA) to investigate the 

sustainability of groundwater in the Great Artesian Basin (GAB) in western Cape York, 

Queensland. The investigation included assessing the impacts of potential additional take on 

existing water users, springs and groundwater dependent ecosystems in the area. This will help 

DNRM identify the potential availability of GAB groundwater for new users in the area, while 

ensuring ongoing access for existing users.  

Purpose of assessment 

This report is the second of two reports on the Western Cape York Groundwater Study. Report 1 

covers the development of a groundwater flow model for the area. This report (report 2) specifically 

focusses on groundwater dependent ecosystems that potentially rely on water from the GAB.  

While the locations of many springs on Cape York are well known, no comprehensive spring 

mapping exists for the area, meaning there may be other unmapped GAB springs present. To 

resolve this, the investigation broadened its scope to include a wider range of groundwater 

dependent ecosystems (GDEs) than just springs, and used remote sensing combined with site 

validation to identify the areas in which GAB springs (and GDEs) are likely to occur. This approach 

also identifies areas in which GAB springs and GDEs are unlikely to occur. The study also 

assesses the significance of the GAB dependent GDEs identified as potentially vulnerable to 

groundwater extraction.  

The assessment results presented in this report are supported by technical appendices. Appendix 

1 details the GDE identification methods.  Appendix 2 details the field validation conducted in 

November 2013 and Appendix 3 overviews the use of stable isotopes in water studies to provide 

context for Appendix 2. Appendix 4 provides the Wildnet species records for the sites visited during 

the field validation, and Appendix 5 proposes a method for assessing the significance of vulnerable 

GDEs.  
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Overview of assessment  

This report assesses the risks from proposed groundwater extraction from the GAB in the Western 

Cape York Peninsula, Queensland on groundwater dependent ecosystems. The assessment area 

includes the Jardine, Ducie, Embley, Wenlock, Watson, Archer, Holroyd, and Coleman catchments 

(Figure 1).  

 

Figure 1 Cape York Peninsula study area showing river catchments and major conservation areas 



GDE investigation supporting the assessment of groundwater sustainability in the Great Artesian Basin of Cape York 

3 

The assessment was conducted as a desktop study from October 2013 to March 2014 based on 

available information, including field sampling in November 2013 to validate assumptions relating 

to the distribution of GDEs and their potential groundwater sources. The approach is consistent 

with established ecological assessment procedures outlined in Clifton et al. (2007) and Marshall & 

McGregor (2006) (Figure 2).  

The assessment had three main stages summarised below. 

1. Establishing context (identifying potential GDEs) – this stage used remotely sensed 

imagery to identify and categorise potential GDEs across the Cape York region. Multiple lines 

of evidence were compiled from satellite imagery and other sources to define GDE likelihood. 

Field sampling was conducted at strategically selected sites to validate assumptions. The 

spatial extents of four categories of near surface GDEs were identified: terrestrial vegetation, 

wetlands, baseflow streams and springs. The outputs of this stage are presented in Attachment 

1. 

2. Hazard identification (identifying areas containing potential GAB dependent GDEs) – 

these were identified as those where the 2005 potentiometric surface for the confined GAB 

aquifer was in close proximity to, or above, the ground surface. Only those GDEs located within 

these areas were considered to be potentially dependent upon the confined GAB and therefore 

relevant to the assessment. GDEs outside of such areas were considered not to be dependent 

on the confined GAB.   

The areas containing potential confined GAB dependent GDEs were further refined by 

identifying locations with the greatest likelihood of the aquifer confining layer being fractured 

and thus allowing passage for the deep groundwater to reach the surface or near surface 

GDEs. Within these areas, near surface GDEs were considered more likely to be dependent on 

the GAB than elsewhere. It is important to be aware that this assessment has only identified 

the areas of most likely GAB dependent, and has not confirmed the occurrence of connectivity 

between the GAB and springs or potential GDEs in these areas as there was insufficient 

information to imply dependency. 

3. Risk assessment – the potential risk to GAB dependent GDEs from groundwater extraction 

from the GAB was assessed by comparing modelled potentiometric surfaces from 2005 and 

2058. The year 2058 surface was the result of a modelled scenario of increased extraction to 

support future bauxite mining (see report 1). The region where the model indicated that 

potential for GAB water to interact with GDEs was lost under the year 2058 scenario is termed 

the potential drawdown area. Any GDE within the potential drawdown area maybe vulnerable 

to the loss of GAB water, assuming a hydrological connection exists. Although connectivity was 

not confirmed in this assessment, the areas of more likely GAB dependency that occur within 

the potential drawdown area were identified as areas of vulnerability. The risk to GDEs 

occurring within these areas of vulnerability was assessed based on the nature of the 

dependency of different categories of GDEs on groundwater, using existing information 

supplemented with field observations.   
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Figure 2 Overview of assessment process (modified from Clifton et al. 2007) 
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Assessment assumptions and limitations 

The assessment was underpinned by a set of assumptions and limitations: 

1. the modelled groundwater scenarios accurately represent the groundwater regime produced by 

water extraction proposals (including location, depth, and timing of extractions). 

2. risk to GDEs, as presented here, is the risk from groundwater extraction only. Non-groundwater 

extraction impacts (i.e. land use, contaminants, in stream barriers and modification, etc.) have 

not been assessed as part of this study. 

3. interactions between potential GDEs and their response to the groundwater extraction 

scenarios are not explicitly considered. 

4. the suite of GDEs assessed broadly represent the ecological components and processes 

present in the study area that are potentially vulnerable to groundwater extraction. 

5. the GAB potentiometric surface is the principal attribute of change considered in this 

assessment. It is recognised that aspects of groundwater quality and its interaction with surface 

water features is important and these are given consideration where existing information 

permits. 
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Establishing context 

Biophysical setting of the Cape York Peninsula  

Cape York Peninsula is situated in the far north of Queensland, covering an area of approximately 

132,500 km2. It extends roughly from Cooktown in the South East and Pormpuraaw in the South 

West and, North to the Torres Strait Islands. The climate of the Cape is seasonally dry, monsoon 

tropical with a highly predictable seasonal cycle in which 90 per cent or more of mean annual 

rainfall occurs during the wet season between December to March (Bowman 2002). The high 

rainfall of the wet season drives river flow, inundates floodplains, and re-fills the variety of wetlands 

in the region (Cook et al. 2011), while recharging both shallow and deep groundwater systems. 

During the dry season, the extreme temperatures, limited dry season rainfall and high evaporative 

loss considerably reduce river flow and restrict the extent of, or dry, many wetlands (Figure 3) 

(Cook et al. 2011). The maintenance of surface water flow in the region’s perennial waterways 

relies upon significant contributions to base flow from the many groundwater springs and diffuse 

discharges from the many groundwater systems (Cook et al. 2011, CSIRO 2009).  

The National Atlas of Groundwater Dependent Ecosystems has identified potential GDEs over 

much of the Cape York Peninsula study area (BOM 2014a). Perennial waterways fed by 

groundwater support the region’s aquatic biodiversity. One example, the Jardine River, begins on 

the northern ridge of the Great Dividing Range flowing northward towards the tip of the Cape, and 

has its flow supplemented year round by numerous groundwater-fed streams (Cook et al. 2011, 

CSIRO 2009, Woinarski et al. 2007). The Jardine, along with the Wenlock and the Pascoe Rivers 

are among Queensland’s only perennially flowing rivers for the majority of their stream length, and 

have among the highest biodiversity of fish species in Australia (Abrahams et al. 1995, Cook et al. 

2011, Environment Science and Services (NQ) 1995). Surface and near-surface expression of 

groundwater supports a diverse range of specialised flora and fauna during the dry season (Eamus 

et al. 2006), including various isolated patches of water dependant vegetation species and 

communities, such as rainforests, Melaleuca communities, vine thickets and wetlands (CSIRO 

2009).  

 

Figure 3 Most streams on Cape York, which are not connected to groundwater, such as this example 
in the upper reaches of the Archer catchment, are seasonally dry during the dry season. 
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The rivers of Cape York Peninsula are of high environmental significance (approximately 67 per 

cent of all riverine habitat has been classified as very high or high conservation value) and 

generally all Cape York catchments exhibit a high degree of naturalness (EHP 2012a).  Non-

riverine wetlands of the region range from large permanent lakes along the eastern coast, to 

temporary marshes and swamps on the coast and floodplains, to smaller, groundwater fed 

wetlands found throughout the region.  

Not only are these wetland systems unique within Australia (Abrahams et al. 1995) many have 

been recognised as being internationally important because they contain significant environmental 

values that cannot be found anywhere else in the world (Environment Science and Services (NQ) 

1995, Smyth and Valentine 2008). Approximately 92 per cent of all non-riverine wetlands have 

been classified as of either very high or high conservation value which equates to 97 per cent of 

the total wetland area. In particular the Jardine, Jacky Jacky and Jeannie catchments are almost 

entirely populated by wetlands of very high conservation value (EHP 2012a).  

Land use across the region is dominated by low-intensity cattle grazing, with isolated pockets of 

mining (CSIRO 2009). There are key population centres located at Weipa and Cooktown with the 

balance of the population comprised of indigenous townships such as Aurukun, Bamaga, Lockhart 

River, Kowanyama, Pormpuraaw and Hope Vale (Woinarski et al. 2007).  

Groundwater hydrogeology of Cape York Peninsula 

Across Australia, groundwater systems are recognised as supporting important biodiversity 

(Eamus et al. 2006, Murray et al. 2003, Pusey & Kennard 2009). This is particularly important on 

Cape York Peninsula, where access to groundwater provides a water source to ecosystems during 

the long dry season (Cook et al. 2011, Woinarski et al. 2007). This degree of ecosystem diversity 

supported by access to groundwater can be found nowhere else in the world (Smyth & Valentine 

2008). 

Groundwater on Cape York Peninsula is present in both shallow, localised, Cenozoic aquifers, and 

the larger, regional aquifer of the GAB (CSIRO 2009). These groundwater systems operate at 

different spatial and temporal scales, and both support components of the biota on Cape York 

Peninsula.  

The Cenozoic aquifers are shallow, mostly unconfined and contained within unconsolidated 

sediments. In places they are associated with bauxite deposits. GDEs connected to the Cenozoic 

aquifers are not the focus of this study; this assessment is investigating GDEs with a hydraulic 

connection to the deeper, regional aquifer of the GAB. 

The GAB is a vast and largely confined groundwater system that underlies approximately 22 per 

cent of Australia (Keppel et al. 2013) including much of Cape York Peninsula (CSIRO 2009). 

Groundwater flow in GAB aquifers on Cape York begins in recharge zones of outcropping 

sandstone in the Great Dividing Range. The tilted sandstone layers extend from the recharge 

zones at increasing depth, overlayed by confined layers, towards the coast in east, west and 

northerly directions. GAB water flows under pressure through these dipping sandstone layers.  

The GAB Mesozoic sediments in the Weipa area consist of the basal Garraway Beds of the Eulo 

Queen Group which is equivalent to the Adori Sandstone aquifer in other parts of the GAB, and the 

overlying Gilbert River Formation which is equivalent to the Cadna-owie Formation and Hooray 

sandstone. Deeper aquifers in other parts of the GAB are not present in the Carpentaria sub-basin 

underlying the study area (Habermehl 2001). Near Bamaga they consist of the Albany Pass beds 

and the Helby beds.  
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The main recharge area for this section of the GAB occurs in the outcrops of these sediments in 

the uplands of the Great Dividing Range. This is about 100 to 130 km east of Weipa and Aurukun, 

at elevations between 100 to 270 m AHD, where the aquifer is conceptually unconfined because 

the piezometric surface usually coincides with the water table. GDEs occurring in the GAB 

recharge areas are unlikely to be impacted by the modelled extraction from the confined portions of 

the GAB aquifer as their water balance is dominated by local vegetation, rainfall and hydrogeology. 

East of Weipa, the Gilbert River Formation and Garraway Sandstone reach a combined thickness 

of over 450 metres, and this thins out in a southerly direction. An earlier conceptualisation 

(Habermehl 1980) considered the GAB as a single, large, connected groundwater flow system. 

However, more recent investigations revealed that it has a more complex geological structure, 

which results in more complex hydrogeology than was first understood (Ransley et al. 2012, 

Ransley & Smerdon 2012). Despite this recognition, details of its complexity remain poorly defined 

away from the outcrop areas, so it is difficult to distinguish between individual formations. For 

modelling purposes they have been considered as a single aquifer (the Gilbert River aquifer) both 

in this study and in other recent investigations (Smerdon et al. 2012, Welsh 2006, Welsh et al. 

2012a).  

West of the outcrop areas, the overlying marine siltstones of the Rolling Downs Group (including 

the Normanton Formation which Smerdon et al. (2012) classified as a partial aquifer, and shales of 

the Wilgunya Subgroup), are considered to form a confining layer over the extent of the GAB, and 

this confining sequence has greater regional variability in character than is evident in the GAB 

further south (i.e. the Eromanga Basin portion) (Smerdon et al. 2012). The Wilgunya Subgroup 

generally thickens in a westerly direction (Figure 4); at the coast it has a thickness of over 500 

metres and achieves a maximum thickness of over 1000 metres. To the north, the basal half of the 

confining geology is sandier, reducing the thickness of effective confinement (Smerdon et al. 

2012). 

 

Figure 4 Schematic cross section east of Batavia Downs, in the outcrop of Gilbert River Formation 
and Garraway Beds, showing the stratigraphic correlations between bores of the six members 
proposed by Senapati (1988). 
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Away from the unconfined outcrop areas, surface or near-surface expression of artesian GAB 

water requires breaches of the overlying confining layers to form hydrological connections which 

permit vertical leakage. CSIRO have recently re-conceptualised this connectivity on Cape York 

Peninsula (Ransley et al. 2012; Figure 5.10). In summary, interconnectivity between the Gilbert 

River aquifer and the Normanton Formation can occur via two possible pathways—directly through 

the intervening aquitard along faulting, or via the overlying Bulimba Formation, a Cenozoic aquifer 

of the Karumba Basin (Figure 5).  

Seismic profiling has revealed polygonal faulting to be well developed in the Rolling Downs Group 

confining layers (McConachie et al. 1997). More recently, polygonal faulting has been identified in 

the offshore Rolling Downs sequence within the Gulf of Carpentaria and in limited regions within 

the Staaten Sub-basin (B. Radke, pers comm, 2014). Faulting disrupts the confining layers of the 

GAB, and these faults, plus the greater proportion of sand present in the confining layers than 

elsewhere in the GAB, and accentuated vertical permeability from solution pipes in the duricrusts 

(Ransley et al. 2012) provide potential conduits for upward leakage of GAB water (Smerdon et al. 

2012). However, where the Rolling Downs Group is exposed, polygonal faulting has not been 

recognised in the overlying Cenozoic sequence.  

Although vertical leakage via polygonal faulting may be relatively minor and poorly characterised, 

the potential pervasiveness of such faults is considered to increase vertical leakage and hence 

reduce the effectiveness of confinement (Cartwright et al. 2007). Thus, diffuse vertical leakage of 

groundwater from the GAB through the overlying confining layers maybe widespread, but rates and 

location of this discharge remain unknown.  

For this report, an assumption has been made that surface or near surface expression of GAB 

water is more likely to occur where the ratio of the GAB potentiometric pressure to the thickness of 

the confining beds is high (Figure 8). Although this maybe more likely in the Bulimba Formation 

because of the high vertical permeability (B. Radke, pers comm, 2014), the locations where 

upward vertical leakage of GAB water actually occurs requires information at a finer spatial scale 

than is currently available (Smerdon et al. 2012).  

 

Figure 5 Schematic cross-section highlighting the connectivity between aquifers of the Carpentaria 
and Karumba basins (from Ransley et al. 2012, Figure 5.10). 
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Groundwater Dependent Ecosystems (GDEs) 

GDEs are the subset of all ecosystems which require access to groundwater on a permanent or 

intermittent basis to meet some or all of their water requirements to maintain their communities of 

plants and animals, ecological processes and ecosystem services (Richardson et al. 2011). These 

ecosystems rely upon the groundwater regime to provide for their long-term viability or persistence. 

In the absence of necessary access to groundwater, these ecosystems would undergo major 

structural and/or functional change.  

Ecosystem dependence on groundwater can be understood as the relationship between aspects of 

the groundwater regime (flux or flow, level or pressure, and quality) and the health or condition of 

the ecosystem (SKM 2001). The degree of dependence on groundwater varies from an essential 

requirement, to periodic dependence during extreme drought periods. In other cases, ecosystems 

may opportunistically use groundwater to maintain function but lack a critical link for the 

persistence of the ecosystem (Clifton & Evans 2001, Eamus et al. 2006). 

For this assessment, GDEs are considered to be in one of six distinct categories that are an 

expansion of the categories proposed by Eamus et al. (2006). More recently springs have been 

included within the broader description of ‘ecosystems dependent on the surface expression of 

groundwater’ by the Queensland GDE mapping and assessment methodology (DSITIA 2012) and 

the National GDE Atlas GDE identification and mapping methodology (SKM 2012). 

Springs 

All springs are inherently GDEs as they are fed directly by the surface expression of groundwater. 

Springs from shallow unconfined aquifers in Tertiary sediments operate through the discharge local 

groundwater, driven by gravity and geological characteristics, into drainage lines or lacustrine and 

palustrine wetlands (Springer & Stevens 2008). GAB fed springs can be classified as either: 

• discharge springs – where deep artesian water is discharged under pressure through a breach 

in the overlying confining layer at a site of a geological anomaly; such as a fault, fracture or 

thinning of the confining layer, or 

• recharge springs – which occur in unconfined  areas where the aquifer formation outcrops at 

the ground surface. These springs tend to be the discharge points for local to intermediate 

groundwater flow systems. Their presence is dependent primarily on local topography, geology 

and recharge conditions.  

Springs can have a very diverse morphology (Springer & Stevens 2008), dependent on a complex 

combination of geological, hydrological and topological factors. It is recognised that in many cases 

springs, baseflow fed streams and wetlands are potentially synonymous with each other, and 

spring discharges may become small watercourses feeding larger streams, rivers and wetland 

areas. Within this assessment we define ‘springs’ as isolated surface expressions of groundwater 

in an attempt to distinguish them from other GDE types.  

Baseflow streams 

The seasonal or continuous contribution of groundwater discharge to in-stream, riverine and 

estuarine environments is known as baseflow. Groundwater contributes proportionally to stream 

flow over time; entering as point-source (spring) discharge or diffusely, either through the bed 

sediments via the hyporheic zone or laterally through riparian or parafluvial sediments (Findlay et 

al. 2001). Therefore any diversion of groundwater flow away from the gaining section of a stream is 

likely to result in a decreased volume of baseflow in the stream. Baseflow GDEs support 

specialised biota such as various species of riparian plants, fish, macroinvertebrates, and algae, 
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which rely on groundwater during periods when surface runoff contribution to stream flow is small 

or absent.  

Wetlands 

Ephemeral or permanent palustrine and lacustrine wetland GDEs have a continuous or seasonal 

dependence on groundwater. These include lakes, swamps, sedgelands and bogs. They support 

dependent biota including fringing and aquatic plant communities, subsurface refuges as well as 

biota which depend on the surface expression of groundwater such as fish, macroinvertebrates, 

and algae. 

Terrestrial vegetation 

Terrestrial vegetation GDEs (otherwise known as phreatophytic vegetation communities) are 

dependent on the subsurface presence of groundwater which they often access via the capillary 

fringe (non-saturated zone above the saturated zone of the water table) when their roots penetrate 

this zone. This category includes deep- and/or shallow-rooted vegetation communities which utilise 

groundwater in either an obligate or facultative way. It does not include aquatic macrophytes which 

have an obligate requirement for submergence in water, although these may of course be a 

component of spring or baseflow stream GDE communities. Terrestrial vegetation communities are 

reliant on the flux (i.e. rate and volume of groundwater supply) and groundwater level (i.e. depth 

below the surface and depth to capillary fringe).  

Cave and aquifer systems 

Aquifer system GDEs include organisms living within the interstitial water of karstic, fractured rock 

and alluvial aquifers. They support specialised biota, known as stygofauna, which reside within the 

aquifer (Humphreys 2006, Boulton & Hancock 2006). Caves with permanent groundwater 

expression can support a unique biodiversity of animals called troglobites (Culver & Sket 2000). 

Submarine discharge systems 

Coastal marine and estuarine ecosystems which receive submarine groundwater contribution to 

their water regimes are GDEs which may be adapted to different levels of salinity and water quality 

than the surrounding waters. These include mangroves, seagrasses and macroalgae and littoral 

faunal communities. Seepage from unconfined aquifers and discharge from confined aquifers 

(equivalent to discharge springs) may occur at various locations, ranging from above the water line 

at low tide to as far as 14 km from the shore (Johannes 1980), and at depths of more than 30 

metres (Simmons 1992).  

Identifying GDEs using spatial analysis  

Potential springs and GDEs in the Cape York region were identified and classified by building 

multiple lines of evidence compiled from satellite imagery and other sources to define areas of 

GDE likelihood. Field sampling was conducted at strategically selected sites to validate the 

assessment (See Appendix 2). 

Spatial analysis was conducted using a number of remote sensing and spatial analysis tools to 

identify areas of the landscape potentially accessing groundwater. The analysis considered criteria 

such as vegetation vigour, seasonality of vegetation vigour, proximity to geological boundaries, 

thermal imagery and the expression of surface water. Outputs from this analysis were combined, 
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each using defined thresholds, into a ‘GDE spatial likelihood product’. This was used to determine 

GDE likelihood for terrestrial vegetation, non-riverine wetlands, baseflow streams and springs. 

Attachment 1 contains further details on the remote sensing methods used.  

In addition to the spatial analysis, remnant non-wetland regional ecosystem (RE) types were 

scrutinised based on a mapping rule set method to assess their potential groundwater 

dependency. This approach was consistent with the Queensland GDE mapping and assessment 

methodology (DSITIA 2012) and the National GDE Atlas GDE identification and mapping 

methodology (SKM 2012). Decisions regarding potential groundwater use were based on 

information in the RE description database (REDD version 7) (Queensland Herbarium 2013). The 

lines of evidence used included the land-zone attribute of each RE type, vegetation community 

structure and key vegetation species present. Outputs from this analysis were then used as inputs 

to a decision matrix along with the ‘GDE spatial likelihood product’ to define areas of terrestrial 

vegetation considered to be potentially using groundwater (see Appendix 1). 

Non-riverine wetlands were also scrutinised for potential groundwater dependence using a rules-

based approach applied to the Queensland Wetlands mapping layer (Queensland Wetland Data 

‘Wetland Areas’ Version 3.0 2009). The attributes of individual wetlands were filtered and selected 

based on their type (lacustrine and palustrine), hydrological modification, water regime, floodplain 

inundation characteristics and land-zone (as a surrogate for connection to alluvial geology). As for 

the terrestrial vegetation analysis, outputs from this analysis were then used as inputs to a decision 

matrix to define wetlands considered to be potentially groundwater dependent (see Appendix 1). 

The field observations presented in Appendix 2 were used to support the spatial analysis, inform 

the source aquifer assignment and to support our understanding of potential dependencies and 

likely ecological responses to an altered GAB groundwater regime.  
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Identified potential GDEs 

Potential GDEs were identified across 16 catchments of Cape York Peninsula including wetlands, 

terrestrial vegetation, stream base flow systems, and springs (Table 1). These are presented as a 

series of maps in Attachment 1. Each map shows the location, extent, and assessed likelihood for 

members of each GDE class. Summary results for each GDE type for each catchment are also 

presented in Attachment 1 and are summarised in the following sections.  

Table 1 Summary of potential GDEs identified across Cape York Peninsula 

Catchment 

Total area of terrestrial 

vegetation GDEs (REs) 

(km
2
) 

Total area of non-

riverine wetland 

GDEs (km
2
) 

Total length of 

baseflow stream 

GDEs (km) 

Total area of 

potential spring 

GDEs (km
2
) 

Archer 482 138 773 158 

Coleman 0 27 934 15 

Ducie 37 140 429 56 

Embley 21 51 139 56 

Endeavour 162 6 98 46 

Holroyd 0 57 513 20 

Jacky Jacky 1 28 37 40 

Jardine 65 75 266 49 

Jeannie 158 43 60 106 

Lockhart 36 7 103 276 

Normanby 11 106 1867 260 

Olive-Pascoe 271 8 233 38 

Stewart 260 20 69 70 

Torres Strait 

Islands 18 0 0 4 

Watson 0 25 224 43 

Wenlock 84 15 402 25 

Terrestrial vegetation 

In three of the Cape catchments; the Coleman, Holroyd and Watson, there were no RE types 

identified as potential terrestrial vegetation GDEs and very little area was identified in the Jacky 

Jacky catchment. All others had RE types determined to be potential GDEs, with the Archer, Olive 

Pascoe and Stewart catchments having the greatest overall areas. Various types of deciduous, 

semi-deciduous and evergreen notophyll vine forests were the predominant RE types identified in 

most catchments.  

It should be noted when interpreting these results that RE types were identified as potential GDEs 

according to the rule that 50 per cent or more of their catchment area was determined by spatial 

analysis to be utilising groundwater. This rule was applied to identify groundwater dependent RE 

types which can be considered to be GDEs. There were also many other RE types with less than 

50 per cent of their catchment area found to be utilising groundwater, and these were interpreted to 

be opportunistic groundwater users therefore not dependent on groundwater, and were not 
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considered to be GDEs. Rather these patches were considered to be the locations of potential 

spring GDEs (see below). 

Wetlands 

Wetland GDEs were identified in all catchments except the Torres Strait Islands. The Archer, 

Ducie, Holroyd, Jeannie and Jardine catchments had greater overall areas of potential wetland 

GDE in comparison to the other catchments. In general potential GDE wetlands were dominated 

by coastal/sub-coastal grass, sedge and herb or tree swamps both on and off floodplains except 

for in the Jeannie catchment where wet heath swamps were predominant. 

Baseflow streams 

Every catchment included some potential baseflow stream GDEs within their stream networks 

except for Torres Strait Islands. The Archer, Coleman, Ducie, Holroyd, Jardine, Normanby and 

Wenlock systems contained more potential baseflow stream GDE length than the remaining 

catchments. 

Potential baseflow stream GDE identification was confined to major streams in order to match the 

spatial resolution of the Landsat imagery used, meaning there may be additional minor baseflow 

stream GDEs in the region. To some extent we expect these would be identified as a component of 

the potential spring outputs (see below). When interpreting these results it needs to be recognised 

that groundwater sources for baseflow stream reaches could be a considerable distance upstream 

and, that this analysis has not defined the locations of groundwater contribution from aquifers to 

stream baseflow. Furthermore, the spatial analysis method is likely to include reaches with 

perennial hyporheic water available (also fed from groundwater) as well as those with perennial 

base-flow surface expression, as riparian vegetation is likely to access either to maintain dry 

season vigour. 

Springs 

Potential spring GDEs were identified in all catchments. Most of the known locations of springs 

were identified in the spatial analysis results, giving greater confidence that other locations may 

also represent spring GDEs. However as the method was based on identifying patches of 

vegetation vigour that were not associated with a RE terrestrial vegetation GDE, it remains 

possible that some locations identified as potential spring GDEs are not springs, but rather 

vegetation patches that opportunistically access shallow groundwater (see terrestrial vegetation 

section). It is equally possible that there are unidentified springs located within areas identified as 

potential terrestrial vegetation GDEs. The remote sensing method used cannot confirm the location 

of springs; it can however suggest the locations of potential springs. Further field validation is 

required for confirmation. 

Cave/aquifer systems 

No cave systems are known from Cape York Peninsula so there were no known or potential Cave 

GDEs identified by this analysis. There have been no systematic surveys of stygofauna in the 

Cape York region; hence we have no knowledge on the occurrence or significance of biota living 

within and dependent on aquifer systems. It is however likely that stygofauna communities are 

present throughout the region’s widespread shallow and alluvial aquifers, but this aspect was 

beyond the scope of the study.  
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Submarine groundwater discharge 

There were no data available to identify either locations of submarine groundwater discharge or if 

such discharge supports GDEs in the Cape York region. Groundwater discharge through ‘wonky 

holes’ or vents from confined submarine aquifers comprised of riverine paleochannels have been 

identified in the area (Stieglitz 2005). Anecdotal evidence concerning ‘wonky holes’ suggests that 

there are pockets of near-freshwater in the Gulf, and that due to nutrient inputs, they are productive 

areas where marine life will congregate making them potentially significant as targets for 

commercial and recreational fishing effort, but this aspect was beyond the scope of the study. 
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Hazard identification – identifying areas containing 

potential GAB dependent GDEs  

Characterising groundwater extraction threats – potential drawdown 

area 

Areas where the 2005 GAB potentiometric surface was modelled to be above or within 5 metres of 

the ground surface are shown in Figure 6. GDEs located within these areas have the potential to 

be dependent upon the GAB and therefore relevant to the assessment. GDEs outside of this area 

were considered not to be dependent upon the GAB because the potentiometric surface is not high 

enough to interact with near surface GDEs.   

The potential impact of groundwater extraction from the GAB on springs and GDEs was assessed 

by comparing modelled potentiometric surfaces from 2005 and 2058 above or within 5 metres of 

the ground surface (Figure 6). The year 2058 surface was the result of a modelled scenario of 

increased extraction to support future bauxite mining. A groundwater flow model was used to 

develop the potentiometric surfaces. A full description of the developed model is given in report 1 

of this study.  

The model uses historical pumping data from 2005 to 2013 and extends the pumping until 2058 as 

explained in report 1. The area of potential drawdown was derived by comparing a 2005 modelled 

water pressure surface to a 2058 surface, at the end of the proposed extraction regime. 

Drawdowns of less than one metre were excluded because they are beyond the reliability of the 

model for quantitative purposes. The simulated cumulative drawdown at year 2058 for the 

modelled extraction scenario is shown in Figure 7.  

Establishing areas of vulnerability  

The potentiometric surface describes the head conditions within an aquifer and is the theoretical 

level to which water would rise from within that aquifer, should there be a pathway for the water to 

travel along, or through any overlying confining layer. Possible pathways include water bores or 

geological features such as faults or fractures, or gaps in the confining layer. The occurrence of 

such connectivity pathways could not be determined based on available information, so it was 

considered in a probabilistic sense 

Regions with a greater probability of disruptions in the geological layers confining the aquifer are 

therefore likely to represent areas potentially vulnerable to groundwater extraction. Such 

disruptions would be required before deep GAB water could interact with surface and near surface 

GDEs. The probability of direct connection between the GAB and GDEs is greater in areas with 

thinner confining layers and where groundwater pressure is high. The areas where this occurs 

were identified by calculating the ratio of the GAB potentiometric pressure (prior to mining 

development, pre-1970) to the thickness of the confining beds (Figure 8). Where this ratio is high 

the probability of connectivity pathways existing is greater (Ransley et al. 2012). A threshold for 

this ratio of > 0.5 was adopted following sensitivity analysis (see Attachment 1). 

These locations of more likely GAB dependency are much more confined (areas classed as AoV 

on Figure 6), and coincide with some potential GDE locations. This does not imply there is 

connectivity; only sufficient hydrogeological potential for the upward migration of GAB water to the 

ground surface, and a higher probability of this being realised. It is important to note that this 
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assessment has only identified the areas of most likely GAB dependency, and has not confirmed 

the occurrence of connectivity between the GAB and springs or GDEs in these areas. 

Field validation of potential vulnerability 

Field sampling of a small set of 26 representative GDEs on Cape York Peninsula confirmed there 

was variability in water chemistry between sites, suggesting they were fed water from different 

source aquifers. Comparisons with existing water chemistry samples from bores found little 

evidence that most were fed by groundwater from the GAB.  

One site (Soda Springs) in the Holroyd River catchment had multiple lines of evidence suggesting 

that it may receive some of its water from the GAB. While this site did not fall within the areas of 

more likely GAB dependency exactly, it was only approximately 1.5 km from one such patch and 

was part of a spring complex in the region. Its exclusion may reflect the regional scale of 

hydrogeological modelling.   

Another site (Queensland Mapped Springs 03 @ Rokeby Road) was also close to an area of more 

likely GAB dependency. It also had water chemistry different from most other GDE sites sampled, 

but the very low electrical conductivity of this water compared to that of GAB bore samples 

suggests the GAB made at most a minor contribution to its water balance. The water source of 

GDEs was found to be a likely driver of ecological differences between GDEs; based upon analysis 

of the composition of an ecosystem component (benthic diatoms, a group of microalgae). Further 

details of these field results are presented in Appendix 2. 
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Figure 6 Areas where the potentiometric surface of the GAB was modelled to be higher than 5 m 
below ground surface at 2005 (combined areas of light grey and pink). Light grey indicates the 
potential drawdown area at 2058. Dark grey area in map insert indicates the extent of the model 
domain. Orange areas show where there is a greater probability that disruptions to the geological 
layers confining the aquifer may allow deep GAB water to interact with surface and near surface 
GDEs (areas of vulnerability). 
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Figure 7 Simulated cumulative drawdown at year 2058 for the modelled extraction scenario.  
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Figure 8  Spatial distribution of the ratio of the potentiometric pressure (prior to mining development, 
pre-1970), in the GAB divided by the thickness of the confining beds highlighting areas where this 
ratio was high. These areas have a greater probability of GDEs sourcing water from the GAB. Dark 
grey area in map insert indicates the extent of the model domain. 
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Risk assessment of potentially vulnerable GDEs 

The risk to potential GDEs within the areas of vulnerability was assessed at the catchment scale 

(Figures 9 to 14). Any GDE within the potential drawdown area but outside the area of vulnerability 

was considered less likely to be impacted by drawdown under the year 2058 scenario, as there 

was insufficient information to confirm potential GAB connectivity.   

Consequence of exposure of particular GDEs from potential drawdown was evaluated based on 

knowledge of their critical water requirements using existing information supplemented with field 

observations. 

Establishing critical water requirements 

Predicting ecological response to changes in groundwater pressure is made difficult by the 

complex nature of the relationship between groundwater pressure and ecology. Developing system 

response functions requires knowledge of this relationship with respect to both the resistance and 

resilience of various ecosystem components in relation to their total water requirements. Aspects 

including the timing, magnitude, frequency, and duration of water level alterations need to be 

considered. This ensures the seasonal aspect of groundwater use by dependent ecosystems is 

accounted for. Currently there are no ecological water requirement guidelines for Australian 

groundwater dependent ecosystems due to the insufficient number of detailed studies from which 

to infer system responses that can be applied to a wide range of communities (Eamus et al. 2006). 

Typically, these responses are derived from site-specific studies based on a series of eco-

physiological measurements of representative biota. However, as this was a desktop assessment 

with a limited field investigation component, the development of system response functions was 

based on conceptual models of system behaviour and benchmarking with published information on 

ecosystems that have experienced similar groundwater management impacts from comparable 

biophysical settings (e.g. Groom et al. 2000a, 2000b, Zencich et al. 2002, Froend & Sommer 

2010). Indicative information on GDE water requirements and potential risk thresholds are 

summarised in Table 2.  

As the model represents groundwater response on a regional scale, there is less confidence on the 

relationship between model outputs (in terms of pressure) at a local scale. Furthermore, 

drawdowns of less than one metre cannot be modelled with any certainty. This constrains the 

application of a threshold based approach to addressing risk. Consequently, risk was expressed in 

a qualitative sense highlighting potential interactions between GDEs and groundwater drawdown. 
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Table 2 Indicative GDE groundwater requirements and potential risk thresholds 

  GDE category   Groundwater requirements   Potential risk threshold 

Wetlands–perennial Perennial wetlands often support 

obligate aquatic biota which does 

not have desiccation resistant life 

stages; hence there is a need for a 

continuous surface water 

expression to maintain persistent 

surface water or connectivity to 

refuges.  

 

Based on the assumption that the 

root depth of common shallow-

rooted wetland plants is < 0.5 m. 

Loss of shallow-rooted plants can 

be expected if the groundwater level 

is 1.5 m below the wetland base for 

prolonged periods (SKM 2006). 

Wetlands–ephemeral Ephemeral wetlands undergo 

periodic wetting and drying 

according to the input of surface 

and groundwater input. Biota 

utilising these areas has developed 

strategies to cope with these 

alternate states including 

desiccation-resistant life stages, 

flexible water use patterns and 

migration to refugia. Alteration to 

the timing and duration of wetting 

events may impact on these 

strategies. 

Based on the assumption that the 

root depth of common shallow-

rooted wetland plants is < 0.5 m. 

Loss of shallow-rooted plants can 

be expected if the groundwater level 

is 1.5 m below the wetland base for 

prolonged periods (SKM 2006). 

Stream baseflow 

systems 

Perennial streams often support 

obligate aquatic biota which does 

not have desiccation-resistant life 

stages; hence there is a need for a 

continuous surface water 

expression or connectivity to 

refuges. 

Based on the assumption that the 

root depth of common shallow-

rooted wetland plants is < 0.5 m. 

Loss of shallow-rooted plants can 

be expected if the groundwater level 

is 1.5 m below the stream bed for 

prolonged periods (SKM 2006). 

Contribution of total groundwater 

discharge to stream flows where 

possible. 

Terrestrial vegetation When plant roots extend to the 

saturated zone (including the 

capillary fringe) groundwater is 

generally considered as a 

requirement to meet their 

transpiration demands at some 

time. This may occur during periods 

when evapotranspiration exceeds 

rainfall. 

Benchmarked against vegetation 

response to altered groundwater 

regimes (after Groom et al. 2000a, 

2000b, Zencich et al. 2002, Eamus 

et al. 2006, Froend et al. 2004, 

Froend & Sommer 2010). 

Assessment of vegetation root 

depth and morphology data in 

comparison to the depth to water 

table where possible (after Specht & 

Rayson 1957, Stone & Kalisz 1991, 

Canadell et al. 1996, Schmidt & 

Stewart 1997, Lopez-Zamora et al. 

2004, Tamooh et al. 2008).  

Springs Springs represent discrete zones of 

surface expression of groundwater. 

This expression may be 

No risk thresholds can be defined 

due to lack of knowledge relating to 

the groundwater requirements of 
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continuous, episodic or seasonal 

and dependent biota has adapted 

their life history strategies 

accordingly. Groundwater 

requirements should therefore be 

determined at a spring setting 

scale, incorporating aspects of 

connectivity to other surface water 

features.   

spring systems.  

Any loss of surface expression is 

likely to have a significant impact on 

dependent biota. 

Near shore marine 

systems 

This category includes coastal 

marine and estuarine systems 

which receive submarine 

groundwater contribution to their 

water regimes (mangroves, 

seagrasses and macroalgae and 

littoral faunal communities). Outflow 

in coastal areas is driven by the 

elevation of groundwater system 

that causes a positive hydraulic 

head. Seepage from unconfined 

aquifers may occur at various 

locations, ranging from above the 

water line at low tide to many 

kilometres from the shore 

No risk thresholds can be defined 

due to lack of knowledge relating to 

the groundwater requirements of 

near shore marine systems. 
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Risk to potentially vulnerable GDEs 

Under the 2005 development scenario 27,315 km2 of the region was modelled as having a GAB 

potentiometric water pressure surface above or within 5 metres of the ground surface; this 

represents 49 per cent of the area covered by the groundwater model (Figure 7). Under the year 

2058 scenario the modelled potentiometric water surface above or within 5 metres of the ground 

surface is reduced to the area shown in Figure 7. This indicates that 36 per cent of the area retains 

a GAB potentiometric surface above or within 5 metres of the ground surface. This represents a 

reduction of 13 per cent of the modelled area.  

Depending on type, 24–68 per cent of the total area of potential GDEs within the model domain fell 

within the potential drawdown area where interaction maybe lost due to additional extraction under 

the year 2058 test scenario (Table 3). Based on the assumption of greater potential for pathways 

through confining layers, this was further reduced within these AoVs (Figure 7, Table 3). 

Areas of vulnerability containing potential GDEs were identified in the Ducie, Jardine, Wenlock, 

Archer and Holroyd catchments. This represents a potential threat from the extraction scenario to 

potential GDEs in these areas if they are linked to the GAB. There was no loss of potential links 

elsewhere in the model domain, suggesting no threat from the extraction scenario in these areas.  

Table 3 Summary of potential GDE areas within each zone 

Potential GDE 

type 

Extent of potential 

GDE type within the 

model area  

% potential GDE with 

potential connection to 

the GAB  

% potential GDE in 

the drawdown zone  

% potential GDE in 

the area of 

vulnerability 

Terrestrial 

vegetation GDEs 

(REs) 

198 km
2
 29% (57 km

2
) 24% (48 km

2
) 4% (8 km

2
) 

Baseflow stream 

GDEs 

2683 km 84% (2249 km) 68% (1816 km) 5% (120 km) 

Non-riverine 

wetland GDEs 

505 km
2
 93% (472 km

2
) 53% (268 km

2
) 16% (81 km

2
) 

Potential spring 

GDEs 

330 km
2 

 

83% (273 km
2
) 52% (172 km

2
)  5% (15 km

2
) 

Known spring  

GDEs (number) 

19 22% (n =4) 22% (n =4) 0% (n=0)   
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Ducie Catchment 

Four classes of GDEs were identified as intersecting areas of vulnerability within the Ducie 

catchment as summarised in Table 4. 

Table 4 Summary of GDEs areas within each zone for the Ducie Catchment 

Potential GDE 

type 

Extent of potential 

GDE type within the 

model area  

% potential GDE with 

potential connection to 

the GAB  

% potential GDE 

in the drawdown 

zone  

% potential GDE in the 

area of vulnerability 

Terrestrial 

vegetation 

GDEs  37 km
2
 269 km

2
 (71%) 24 km

2
 (92 %) 8 km

2
 (30 %) 

Baseflow 

stream GDEs  415 km 366 km (88%) 318 km (87 %) 89 km (24%) 

Non-riverine 

wetland GDEs  140 km
2
 135 km

2
 (96%) 117 km

2
 (87 %) 81 km

2
 (60 %) 

Potential spring 

GDEs 56 km
2
 46 km

2
 (82%) 40 km

2 
(71%) 15 km

2
 (27%) 

Known spring  

GDEs (number)  3 33% (n=1)   33% (n=1)   0 (n=0)  

Terrestrial vegetation GDEs 

A high percentage of the total potential GDE terrestrial vegetation identified for the Ducie 

Catchment occurred within the potential drawdown area. Of that 8 km2 occurred within the area of 

vulnerability. This GDE class was represented by two RE vegetation types.  

RE 3.5.4 – Semi-deciduous notophyll vine forest in small patches on northern plateaus  

Three areas of this type were identified in the north western area of the catchment (Figure 9). This 

RE class contains the near threatened species Acacia albizioides, A. fleckeri and 

Margaritaria indica. It is composed of a number of large tree species (up to 25 metres tall) forming 

a dense, even canopy. Vines are frequent, reaching the canopy, orchids and other epiphytes may 

occur, and the ground is covered by leaf litter, interspersed with rocky outcrops. It occurs as small 

patches on northern plateaus, and has great species variability between patches. This implies the 

relative importance of each patch in maintaining biodiversity at regional scale. 

Given the potential rooting depth of these large tree species which dominate the structural 

components of this RE class, loss of groundwater depth below 10 metres is likely to represent a 

significant risk, particularly during the period of the year when evapotranspiration exceeds rainfall.  

RE 3.2.2 – Semi-deciduous vine thicket to vine forest on beach dunes and ridges 

A number of areas of this type were identified in the north western coastal region of the catchment 

(Figure 9). The biodiversity status of this RE type under the Vegetation Management Act 1999 is 

‘of concern’; containing a high diversity of vascular plants, many with restricted distributions. It 

forms a dense uneven canopy to 12 metres with a mixture of deciduous and evergreen species. 

Occasional emergent trees to 25 metres are present. Vines are present in the canopy and lower 

layers. It is poorly represented in present reserves, potentially vulnerable to encroachment of 

weeds, and is fire sensitive. 
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Given the potential rooting depth of these large tree species which dominate the structural 

components of this RE class, loss of groundwater depth below 10 metres is likely to represent a 

significant risk, particularly during the period of the year when evapotranspiration exceeds rainfall. 

However given its location in a coastal beach ridge dune area, groundwater from local perched 

aquifers may represent the most probable water source supporting this vegetation type.  

Baseflow stream GDEs 

In the in the north west area of the catchment large sections of the main river channels of 

Cockatoo Creek, the Jackson River and Doughboy rivers (approximately 85 km in length) were 

identified as baseflow stream GDEs falling within the area of vulnerability (Figure 9). All three 

systems have reaches that fall within the ‘high’ conservation value, and within the Jackson and 

Doughboy Rivers, some of these reaches fall within the ‘very high’ conservation value category 

under the Cape York ACA (EHP 2012a). The Dulhunty River had a baseflow stream section of 

approximately 3.5 km in length (Figure 10); this reach was classified as of ‘medium’ conservation 

value under the Cape York ACA (EHP 2012a).  

Groundwater discharge from the Gilbert River Formation of the GAB plays an important role in 

providing dry season flows in several major perennial rivers including the Archer, Coen, Dulhunty, 

Holroyd, Jardine and Wenlock rivers which supports the regions aquatic biodiversity (CSIRO 2009, 

Cook et al. 2011). The dry season and annual baseflow index (BFI) for the Ducie River at 

Bertiehaugh is 0.52 and 0.32 respectively (CSIRO 2009).   

Alteration to groundwater contribution to 24 per cent of the total potential baseflow stream GDE 

length in the Ducie catchment (within the areas of vulnerability) represents a risk to the 

environmental values supported by these perennial streams. Given the multiple potential pathways 

which groundwater flow may take to express as surface stream flow (diffuse via the stream bed or 

hyporheic zone, or point source via springs), and the heterogeneity of aquifers and substrates in 

the area, streams may not necessarily receive baseflow along their entire length or during the 

whole of the year. Consequently it is not possible to calculate the relative loss from the current 

groundwater model.     

Non-riverine wetland GDEs 

The Ducie catchment contains approximately 140 km2 of non-riverine wetland potential GDEs of 

which approximately 60 per cent are potentially GAB connected non-riverine wetlands within the 

area of vulnerability. This includes some of the Skardon River–Cotterell River aggregation which is 

a DIWA Nationally Important Wetland (as declared under the Environmental Protection (Water) 

Policy 2009). Large areas of potential GDE wetlands were identified within the northern part of the 

catchment comprising five RE wetland vegetation types.  

RE 3.3.50a – Coastal/sub-coastal non floodplain grass, sedge and herb swamps 

Palustrine wetlands (e.g. vegetated swamp) with broad-leaved tea tree (Melaleuca viridiflora) 

forming  a very sparse canopy up to 14 metres in height with scattered emergent Clarkson's 

bloodwood (Corymbia clarksoniana) to 18 metres tall. Other Corymbia spp. or Eucalyptus spp. may 

occasionally occur as emergent trees. A very sparse sub canopy tree layer 2 to 9 metres high of 

broad-leaved tea trees may be present. Occurring on low-lying plains, this area has a ‘high’ 

conservation value under the Cape York ACA (EHP 2012a). 
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RE 3.3.64a – Baloskion tetraphyllum subsp. meistachyum open sedgeland in drainage 

swamps in dune fields.  

Palustrine wetland (e.g. vegetated swamp) dominated by sedges, swamp foxtails and saw sedge 

(Gahnia sieberiana). Pitcher plant (Nepenthes mirabilis), Utricularia spp., sundews (Drosera spp.), 

Selaginella spp. and Lycopodiella spp. are distinctive forbs are frequently present. Very scattered 

emergent shrubs (0.5–6 metres tall) may be present with back to front bush 

(Asteromyrtus lysicephala). Patches of RE 3.3.65 – Ephemeral lakes and lagoons on alluvial plains 

and depressions – which comprises a range of floating and emergent aquatic plants, sedges and 

emergent forbs, also occur in association with 3.3.64a. Across the potentially vulnerable wetland 

GDEs identified in the Ducie catchment, a number of patches corresponding to RE classes 3.3.65 

and 3.3.64a have ‘high’ and ‘very high’ conservation value status under the Cape York ACA (EHP 

2012a). 

3.2.3 – Melaleuca dealbata + / - Acacia crassicarpa open forest in dune swales on the west 

coast 

Palustrine wetland (e.g. vegetated swamp). Melaleuca dealbata (silver-leaved paperbark) 

dominates the sparse upper canopy layer up to 22 metres. Two species of Acacia are frequent in 

the sub canopy up to 3–4 metres. Both the shrub and ground layers are very sparse. It occurs in 

dune swales adjacent to frontal dunes. The biodiversity status of this RE type under the 

Queensland Vegetation Management Act 1999 is ‘of concern’. 

As these wetlands occur in coastal dune fields groundwater from local perched aquifers may 

represent the most probable water source supporting this vegetation type. Therefore it is unlikely 

that these areas are at risk from the 2058 scenario 

The floristic composition and dominance of these four wetland vegetation types varies with locality 

and is determined by the interaction of such factors as substrate, water depth and frequency and 

duration of flooding. All of the wetlands occupied by these REs are usually shallow and ephemeral 

and the vegetation and other biota have flexible water use or access strategies to cope with these 

alternate seasonal states. Alteration to the timing and duration of dry periods due to a reduction in 

groundwater access represents a potential threat to these systems. Based on the assumption that 

the root depth of common shallow-rooted wetland plants is < 0.5 metres, loss of shallow-rooted 

plants can be expected if the groundwater level is 1.5 metres below the wetland base for prolonged 

periods (SKM 2006).  

Spring GDEs 

There are many potential spring GDE patches in the lower reaches of Cockatoo Creek in the north 

western areas of the catchment (Figure 9). Cockatoo Creek has reaches that fall within the ‘high’ 

conservation value category under the Cape York ACA (EHP 2012a); the role of these spring 

areas in contributing flow to Cockatoo Creek or providing dry season refuges to riverine biota is 

currently unknown. 

In the southern areas of the Ducie catchment, Water Course Spring @ Palm Creek is within 1.5 km 

of an area of vulnerability. Field observations in November 2013 record a damp drainage line with 

small isolated lateritic rock pools. A narrow riparian zone was evident within the surrounding open 

woodland habitat (Figure 10).  
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Figure 9 Areas of potentially vulnerable potential GDEs within the Ducie Catchment (North) 
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Figure 10 Areas of potentially vulnerable GDEs within the Ducie Catchment (South) 
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Jardine Catchment 

One class of GDE was identified as intersecting areas of vulnerability within the Jardine catchment 

as summarised in Table 5.  

Table 5 Summary of GDEs areas within each zone for the Jardine Catchment 

Potential GDE type Extent of potential 

GDE type within 

the model area  

% potential GDE with 

potential connection 

to the GAB  

% potential GDE 

in the drawdown 

zone  

% potential GDE in the 

area of vulnerability 

Terrestrial 

vegetation GDEs  65 km
2
 2 km

2 
(4%) 2 km

2
 (85%) 0 km

2
 (0%) 

Baseflow stream 

GDEs  258 km 204 km (79%) 203 km (99.8%) 3 km (2%) 

Non-riverine 

wetland GDEs  75 km
2
 67 km

2
 (89%) 66 km

2
 (98.9%) 0 km

2
 (0%) 

Potential spring 

GDEs 29 km
2
 5 km

2
 (17%) 5 km

2
 (17%) 0 km

2
 (0%) 

Known spring  

GDEs (number)  5 0% (n=0)   0% (n=0)   0% (n=0)  

Baseflow stream GDEs 

Four areas in the southern and mid Jardine River (approximately 3 km in length) on the main 

channel were identified as potential baseflow stream GDEs falling within the area of vulnerability 

(Figure 11). These reaches are classified as of ‘very high’ conservation value under the Cape York 

ACA (EHP 2012a). This system lies within the Jardine River National Park and includes some 

areas of the Jardine River wetlands aggregation (DIWA Directory of Important Wetlands). The 

Jardine River is Queensland’s largest perennial river with the continual flow of water attributed to 

baseflow derived from the shallow sandstones of the Gilbert River Formation and to high annual 

rainfall (over 1500 mm) (CSIRO 2009).  

Alteration to groundwater contribution through a 3 km length of stream may represent a risk to the 

environmental values supported by this perennial system. Given the multiple potential pathways 

which groundwater flow may take to express as surface stream flow (diffuse via the stream bed or 

hyporheic zone, or point source via springs), and the heterogeneity of aquifers and substrates in 

the area, streams may not necessarily receive baseflow along their entire length or during the 

whole of the year. Consequently it is not possible to calculate the relative loss from the current 

groundwater model.     
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Figure 11 Areas of potentially vulnerable GDEs within the Jardine Catchment 
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Wenlock Catchment 

One class of GDE was identified as intersecting areas of vulnerability within the Wenlock 

catchment as summarised in Table 6. 

Table 6 Summary of GDEs areas within each zone for the Wenlock Catchment 

Potential GDE type Extent of potential 

GDE type within the 

model area  

% potential GDE with 

potential connection 

to the GAB  

% potential GDE in 

the drawdown 

zone  

% potential GDE in 

the area of 

vulnerability 

Terrestrial 

vegetation GDEs  84 km
2
 5 km

2
 (6%) 4 km

2
 (95%) 0 km

2
 (0%) 

Baseflow stream 

GDEs 390 km 323 km (83%) 318 km (98%) 28 km (9%) 

Non-riverine 

wetland GDEs  15 km
2
 12 km

2
 (79%) 10 km

2
 (87%) 0 km

2
 (0%) 

Potential spring 

GDEs 25 km
2
 20 km

2
 (80%) 19 km

2
 (76%) 0 km

2
 (0 %) 

Known spring  

GDEs (number) 3 33% (n=1)   33% (n=1)   0% (n=0)  

Baseflow stream GDEs 

In the south east area of the catchment sections up to approximately 28 km in length were 

identified as baseflow stream GDEs falling within the area of vulnerability (Figure 12). These 

reaches are classified as of ‘very high’ conservation value under the Cape York ACA (EHP 2012a).  

Groundwater discharge from the Gilbert River Formation of the GAB plays an important role in 

providing dry season flows in the Wenlock River which supports the regions aquatic biodiversity 

(CSIRO 2009, Cook et al. 2011). The dry season and annual baseflow index (BFI) for the Wenlock 

River at Wenlock is 0.51 and 0.26 respectively and Wenlock River at Moreton is 0.65 and 0.35 

respectively (CSIRO 2009).   

Alteration to groundwater contribution to 9 per cent of the total potential baseflow stream GDE 

length in the Wenlock catchment (within the areas of vulnerability) may represent a risk to the 

environmental values supported by this perennial system. Given the multiple potential pathways 

which groundwater flow may take to express as surface stream flow (diffuse via the stream bed or 

hyporheic zone, or point source via springs), and the heterogeneity of aquifers and substrates in 

the area, streams may not necessarily receive baseflow along their entire length or during the 

whole of the year. Consequently it is not possible to calculate the relative loss from the current 

groundwater model.     

Spring GDEs 

A number of small patches of potential spring GDEs are located within the south western area of 

the catchment (Figure 12). Most are close to the main channel and associated with palustrine 

wetlands and sedge and herb swamps. Amongst the seven patches located along the main river 

channel near Heineman Lagoon is a palustrine wetland (RE 3.3.66a Coastal/sub-coastal floodplain 

grass, sedge and herb swamp) with a ‘very high’ conservation value under the Cape York ACA 

(EHP 2012a). This complex of springs and associated wetlands which run along the main drainage 

line of the Wenlock River in these baseflow reaches are obviously accessing groundwater to 
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maintain their perenniality. Based on the likely interactions of water sources in this area, it is not 

possible to assess the risk to any of the individual GDEs within this complex with any confidence.  
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Figure 12 Areas of potentially vulnerable GDEs within the Wenlock Catchment 
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Archer Catchment 

Two classes of GDEs were identified as intersecting areas of vulnerability within the Archer 

catchment as summarised in Table 7. 

Table 7 Summary of GDEs areas within each zone for the Archer Catchment 

Potential GDE type Extent of potential 

GDE type within the 

model area  

% potential GDE with 

potential connection to 

the GAB  

% potential GDE in 

the drawdown 

zone  

% potential GDE in 

the area of 

vulnerability 

Terrestrial 

vegetation GDEs  482 km
2
 1 km

2
 (0.3%) 1 km

2
 (99.7%) 0 km

2
 (0%) 

Baseflow stream 

GDEs  719 km 459 km (64%) 369 km (81%) 1 km (0.3%) 

Non-riverine 

wetland GDEs  138 km
2
 137 (99%) 13 km

2
 (9%) 0 km

2
 (0%) 

Potential spring 

GDEs 91 km
2
  85 km

2
 (93%) 58 km

2
 (63%) 0.02 km

2
 (0.02 %)  

Known spring  

GDEs (number) 3 33% (n=1)   33% (n=1)   0 (n=0)  

Baseflow stream GDEs 

A reach of approximately 1 km in length of the Archer River was identified as being within the area 

of vulnerability. This is part of a larger identified baseflow stream reach GDE described as “Spring 

fed riverine wetland” of ‘very high’ conservation significance under the Cape York ACA (EHP 

2012a). The dry season and annual baseflow index (BFI) for the Archer River at Telegraph 

Crossing 0.47 and 0.23 respectively (CSIRO 2009).  

Alteration to groundwater contribution through a 2 km length of stream may represent a minor risk 

to the environmental values supported by this river which has some perennial reaches. Given the 

multiple potential pathways which groundwater flow may take to express as surface stream flow 

(diffuse via the stream bed or hyporheic zone, or point source via springs), and the heterogeneity 

of aquifers and substrates in the area, streams may not necessarily receive baseflow along their 

entire length or during the whole of the year. Consequently it is not possible to calculate the 

relative loss from the current groundwater model.     

Spring GDEs 

There were three small patches of potential spring GDEs identified as being within the area of 

vulnerability (Figure 13). These patches are close to the main river channel and are associated 

with an area of non-riverine wetland with a ‘high’ conservation value under the Cape York ACA 

(EHP 2012a). Based on the current hydrogeological conceptualisation and the likely interactions of 

water sources in this area, it is not possible to assess the risk to any of the individual GDEs within 

this complex with any confidence. 
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Figure 13 Areas of potentially vulnerable GDEs within the Archer Catchment 
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Holroyd Catchment 

No classes of GDEs were identified as intersecting areas of vulnerability within the Holroyd 

catchment as summarised in Table 8. 

Table 8 Summary of GDEs areas within each zone for the Holroyd Catchment 

Potential GDE 

type 

Extent of potential 

GDE type within 

the model area  

% potential GDE with 

potential connection 

to the GAB  

% potential GDE 

in the drawdown 

zone  

% potential GDE in the 

area of vulnerability 

Terrestrial 

vegetation GDEs  0 km
2
 0 km

2
 (0%) 0 km

2
 (0%) 0 km

2
 (0%) 

Baseflow stream 

GDEs  449 km 234 km (52%) 175 km (75%) 0 km (0%) 

Non-riverine 

wetland GDEs  57 km
2
 39 km

2
 (68%) 31 km

2
 (79%) 0 km

2
 (0%) 

Potential spring 

GDEs  19 km
2
 14 km

2
 (71%) 7 km

2
 (36%) 0 km

2
 (0 %)  

Known spring  

GDEs (number) 3 33% (n=1)   33% (n=1)   0% (n=0)  

Spring GDEs 

There was no intersection of any identified GDEs with the three areas of vulnerability identified in 

the Holroyd catchment (Figure 14). However the was in the vicinity of Soda springs, the field 

sampling site considered most likely to be connected to the GAB based on field collected water 

quality data analysis. Soda Springs contain patches classified as of ‘very high’ conservation value 

under the Cape York ACA (EHP 2012a). 

Soda Springs was the only site that had a geomorphological form similar to a ‘mound spring’, with 

a raised, vegetated central area girt by a moat of surface expressed groundwater in an otherwise 

flat landscape (Appendix 1). The terrestrial vegetation of the site was unique amongst the sites 

sampled in that the otherwise ubiquitous tree present at spring and baseflow stream sites 

(Dillenia alata) and other species present at most such sites (Calophyllum bicolor, 

Melastoma malabathricum, Nepenthes mirabilis) were absent from Soda Springs, yet it supported 

other mesophytic plants recorded at no other site (e.g. Nauclea orientalis, Ficus oblique, 

Morinda citrifolia, Nauclea orientalis, Planchonia careya) (Appendix 1). The ecology of the spring 

wetland itself was also unique as illustrated by the site’s divergent benthic diatom assemblage 

(Appendix 1).  

Given the higher confidence in its groundwater source compared to the other identified spring 

systems, a change to the potentiometric surface and loss of pressure in this area is likely to impact 

this ‘very high’ conservation value spring system.   
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Figure 14 Areas of potentially vulnerable GDEs within the Holroyd Catchment 
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Discussion 

GDE identification 

GDEs of all types investigated–springs, baseflow streams, wetlands and terrestrial vegetation 

communities–were found to be widespread across the 16 catchments of Cape York Peninsula 

investigated. There is still a significant knowledge gap in relation to the location and extent of cave 

and aquifer GDEs and the role of submarine groundwater discharge on coastal intertidal and 

shallow marine systems. 

Collectively, the potential GDEs included areas of National and State Environmental Significance. 

The high environmental significance of these ecosystems is due to their naturalness, diversity and 

richness of habitat, connectivity within the landscape and also as a source of biodiversity and 

habitat for many rare and threatened species (EHP 2012a).  

The remote sensing based approach identified GDEs using multiple lines of evidence compiled 

from satellite imagery and existing sources of information. This was supplemented by field 

sampling conducted at strategically selected sites to refine the process by validating assumptions 

with field observations relating to their distribution and potential groundwater sources. As such this 

represents one of the most comprehensive GDE identification processes undertaken in 

Queensland at this scale.  

Hydrogeological conceptualisation and GAB dependency 

A regional groundwater system conceptualisation was the foundation for assessing the likelihood 

of potential interaction pathways between the identified potential GDEs and an altered groundwater 

regime because of additional water extraction from the GAB. Groundwater on Cape York 

Peninsula is present in both local unconfined aquifers, and the larger regional GAB aquifer (CSIRO 

2009). These groundwater systems operate at different spatial and temporal scales, but both 

support components of the biota on Cape York Peninsula.  

A transient groundwater flow model (using MODFLOW_USG) was used to consolidate existing 

information from models developed by both Rio Tinto and CSIRO. Areas of potential GAB 

dependency were determined, where the modelled potentiometric water surface for the confined 

GAB aquifer (for the year 2005) was in close proximity to, or above, the ground surface. Only those 

GDEs located within these areas were considered to be potentially dependent upon the GAB and 

therefore relevant to the assessment. GDEs outside of such areas were considered not to be 

dependent upon the GAB; this excluded eight of the sixteen study catchments. 

Dependency was further refined by identifying locations within the areas of potential GAB 

dependency where there was a greater probability that disruptions to the geological layers 

confining the GAB aquifer may allow deep GAB water to interact with surface and near surface 

GDEs. The probability of upward leakage of GAB water, and thus connectivity between the GAB 

and GDEs, was considered to be greater in areas with thinner confining layers (i.e. increasing 

permeability) and where hydraulic gradients were high. An estimate of this was made by 

calculating the ratio of the potentiometric pressure in the GAB divided by the thickness of the 

confining beds. Where this ratio was high (> 0.5) the probability of connectivity pathways actually 

existing was considered greater. Within these areas of more likely GAB dependency, GDEs were 

considered to have a higher probability of experiencing hydrological connectivity with the GAB than 
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elsewhere. For the purposes of the assessment, these were referred to as ‘areas of vulnerability’. 

Areas of vulnerability were identified within five of the study catchments. 

Confirmation of this connectivity could not be determined based on available information. 

Additionally the conceptualisation does not directly account for GAB access to the surface via 

fracturing and other geological anomalies, nor does it account for GAB contribution to the water 

balance of overlying aquifers via diffuse leakage, a potential source of groundwater to GDEs. 

Therefore the risk estimates based on this hydrogeological exposure pathway are conservative in 

lieu of a comprehensive investigation of aquifer source identification for each GDE. 

Assessment of groundwater quality data 

Initial aquifer source investigations were undertaken as part of the field validations studies in 

November 2013. There is a paucity of appropriate data and information concerning the many 

aquifers of the region and the multitude of GDEs that were identified. Many existing bores had 

associated water chemistry data from past sampling. In many cases however, it was impossible to 

assign these data to particular candidate source aquifers due to either the bores intersecting and 

mixing water from multiple aquifers (GAB and non-GAB) across different geological strata, or 

because bore log records were insufficient to draw a firm association to a particular aquifer. In 

many cases both problems prevailed. Furthermore, the density and spatial coverage of existing 

bores into particular aquifers was limited in relation to both the spatial extent of the aquifers 

themselves and, the broad distribution of GDEs across Cape York.   

Several of the multiple lines of evidence recommended for determining source aquifers for GDEs 

(EHA 2009) were unavailable for this study. Comparisons of the water temperature of candidate 

aquifers with that in the GDEs they may support can be informative. Water temperatures were 

recorded in GDEs in the field, but no aquifer temperature data were available for this study to make 

the comparison. Variability in groundwater discharge at a GDE over time in relation to local rainfall 

and the height or pressure in candidate source aquifers can also assist in source determination. 

GDE discharge was measured at field sites, but there were no data on how this varies through time 

or how candidate aquifers vary in height or pressure. Another line of evidence not investigated 

here was comparing the profiles of anthropogenically derived chemicals in water from both aquifers 

and GDEs. No data for such chemicals were available for aquifers and they were not sampled in 

GDEs. However, given the very low impact human activities have had over most of the region it 

may be unlikely that such chemicals are present in many cases. 

In spite of these challenges, this study has advanced the understanding of the aquifer sources that 

support GDEs on Cape York Peninsula. Modelling of the potentiometric surface of the GAB on the 

Cape indicated that the pressure in the aquifer is sufficient for it to have potential to reach surface 

and near surface GDEs over large areas. Of course, the converse result from this analysis was 

that there are also large areas of the Cape where the model results show it is not possible for 

GDEs to be accessing GAB water as its potentiometric surface lacks the elevation for water to 

interact with GDEs. For areas where interaction is possible, this latent potential for GAB water to 

feed GDEs can only be realised in situations where a local breach in the geology of the overlying 

confining strata exists, allowing the escape of water to the ground surface. The very occurrence, 

locations and prevalence of such breaches cannot be determined remotely or by modelling. Water 

chemistry data collected from a small subset of the Cape’s spring and baseflow stream GDEs were 

used to investigate if there is evidence of this potential being realised. 

Electrical conductivity (EC) is an indirect measure of the concentration of salts dissolved in water 

and, in natural terrestrial waters, is affected primarily by the soils and geology of the area through 

which the water passes; and the residence time of that groundwater within the aquifer. For 
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example, groundwater in contact with leached sandstone tends to have lower conductivity because 

this sandstone is composed of more inert materials that do not dissolve into ionic components 

when exposed to water. On the other hand, groundwater in contact with clay derived rocks such as 

claystone and shale tend to have higher conductivity because of the presence of materials that 

ionise when washed into the water (USEPA 2012).  

On Cape York Peninsula the unconfined outcrop regions of the GAB where recharge occurs are 

comprised mostly of highly weathered sandstones and, the groundwater within these layers tends 

to have very low EC. This is reflected in the EC of groundwater discharging to springs and 

baseflow streams within these areas. Likewise, the region’s unconfined Tertiary aquifers are in 

contact with highly weathered sedimentary geology and they too have very low EC water, as do 

their associated GDEs. In contrast, the confined regions of the GAB contain claystone and shale 

strata which generate much higher EC water, as indicated by field EC measurements of deeper 

bores tapping the GAB aquifers. Bores drilled within equivalent GAB intake beds in other southern 

parts of Queensland showed field EC values typically between 300 and 3000 µS/cm (Kellett et al. 

2003). By contrast, spring and baseflow stream waters typically have EC values < 100 µS/cm. 

Given this, EC may represent a robust indicator of water source.  

Most of the GDEs sampled for this project had surface water with extremely low EC values 

< 100 µS/cm. As expected the bore samples from confined GAB sources had much higher EC 

values, with the single new GAB groundwater bore drilled for this project measured to be 

1250 µS/cm and, with a few exceptions, most existing bore samples had values over 1000 µS/cm. 

This result alone suggests that water feeding the GDE sites investigated was not sourced directly 

from the confined portions of the GAB. Both the variation in the benthic diatom composition 

between GDE sites with different water chemistry and the divergent vegetation of Soda Springs 

found in this study also illustrate that the biodiversity of GDEs on the Cape is supported by diverse 

aquifers feeding water with different chemical properties. This supports the notion that a small 

number of the GDEs sampled may possibly receive contributions of GAB water which are diluted 

from other sources. 

Risk to potential GDEs from GAB groundwater extraction 

Many of the potential GDEs across 16 catchments of Cape York Peninsula were outside of the 

area where the 2005 GAB potentiometric surface was within 5 metres of the ground surface and 

are, thus, not likely to be at risk from additional take. Depending on type, 24–68 per cent of the 

total area of GDEs within the model domain fell within the potential drawdown area where potential 

interaction maybe lost due to additional extraction under the year 2058 scenario. Areas of 

vulnerability which represented a higher probability of GAB connectivity intersected GDEs in the 

Ducie, Jardine, Wenlock, Archer and Holroyd (near intersection) catchments.   

Ducie Catchment 

The Ducie Catchment had a combined area of potential terrestrial vegetation, wetlands, and spring 

GDEs of 104 km2 and 89 km of potential baseflow stream GDE within the area of vulnerability. The 

terrestrial vegetation contained RE types which are classified as ‘of concern’ containing a high 

diversity of vascular plants, many with restricted distributions. Areas of the Skardon River–Cotterell 

River aggregation, a DIWA Nationally Important Wetland, fall within the wetlands that intersect the 

areas of vulnerability. The composition and dominance of the wetland vegetation types varies with 

locality, and its water use is also likely to vary according to substrate, water depth, and frequency 

and duration of flooding.  
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The baseflow stream GDEs are located within areas that have ‘high’ and ‘very high’ conservation 

value. The Ducie River, along with several major perennial rivers in Cape York, has a high 

baseflow component and support regional aquatic biodiversity values. Alteration to this perenniality 

through loss of baseflow from GAB sources represents a risk to these values. 

Jardine Catchment 

Four areas on the main channel in the southern and mid-Jardine River approximately 3 km in 

length were identified as potential baseflow steam GDEs within the area of vulnerability. These 

reaches are classified as ‘very high’ conservation value. The Jardine River is Queensland’s largest 

perennial river with the continual flow of water attributed to baseflow derived from the shallow 

sandstones of the Gilbert River Formation. Alteration to this perenniality through loss of baseflow 

from GAB sources represents a risk to these values. 

Wenlock Catchment 

In the south east of the catchment, sections up to approximately 28 km in length were identified as 

potential baseflow stream GDEs falling within the area of vulnerability. Associated with these 

reaches are a number of small patches of potential spring GDEs and palustrine wetlands. These 

reaches are classified as ‘very high’ conservation value. Heineman Spring is located in the upper 

section of this group and is known for its perennial flow into the Wenlock. Based on the current 

hydrogeological conceptualisation and likely interaction of water sources in this area, it is not 

possible to assess the risk to any of the individual GDEs; however loss of groundwater connectivity 

with these surface features is likely to impact their ecological character.  

Archer Catchment 

A reach of approximately 2 km in length of the Archer River was identified as being within the area 

of vulnerability. This is part of a larger potential baseflow stream reach GDE of ‘very high’ 

conservation value. Associated with this area are three small patches of potential spring GDEs with 

‘high’ conservation value. Loss of groundwater connectivity is unlikely to have an impact at a 

catchment scale, but may lead to localised loss of ecological values. 

Holroyd Catchment 

There was no intersection of any GDEs with the three areas of vulnerability identified in the 

Holroyd catchment. However one of these areas was within the vicinity of Soda Springs, a known 

GDE spring with patches classified as ‘very high’ conservation value. It has unique 

geomorphological and ecological features associated with the surface expression of GAB water. 

Given the high confidence in its groundwater source compared to other springs identified, change 

to the potentiometric surface and loss of pressure in these areas is likely to impact on this spring 

complex and the environmental values it supports. 
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Conclusions and recommendations 

1. Depending on type, 24–68 per cent of the total area of potential GDEs within the model domain 

fell within the potential drawdown area where potential interaction maybe lost due to additional 

extraction under the year 2058 scenario.  

2. For potential GDEs within the area of vulnerability identified in this report, impacts are possible 

if the increase in the level of extraction in the GAB assessed in this report occurs. An adaptive 

management strategy may be suitable for dealing with this situation, to ensure that 

groundwater can be extracted in a sustainable way. It might include monitoring and targeted 

research and evaluation to establish management thresholds for these GDEs (see point 8). 

3. Soda Springs in the Holroyd Catchment is likely to be sourcing water from GAB aquifers. There 

might be other springs or GDEs with similar connectivity present on Cape York.  

4. Further work is required to improve hydrogeological understanding of the system and, to test 

the assumption that there is a higher probability of GAB connectivity with GDEs where there is 

a high ratio of modelled groundwater pressure to confining layer thickness. Ecological research 

should be targeted within such areas.  

5. Cave and aquifer biota (including the hyporheos) was excluded from the current assessment 

because of a lack of data to support their presence, distribution, and water requirements in the 

study area. It is recommended that systematic surveys be conducted to determine whether 

these areas support such biota. This should be targeted in those areas of the Ducie, Jardine, 

Wenlock, and Archer catchments identified as supporting baseflow system GDE within the area 

of vulnerability. 

6. Submarine discharge of GAB groundwater is likely to occur along the western edge of Cape 

York Peninsula; the location and volume of this discharge is largely unknown. Its role in 

supporting coastal littoral and near shore marine productivity is also a significant knowledge 

gap. Given the state and regional importance of the Gulf of Carpentaria Inshore Fin Fish 

Fishery (regulated under the Queensland Fisheries Act 1994 and the Queensland Fisheries 

Regulation 2008) it is recommended that further studies be undertaken to estimate the extent 

and contribution of submarine groundwater discharge along the western Cape York Peninsula 

and its likely reduction in relation to the proposed extraction from the GAB.  

7. Paleoclimatic/ecological studies provide an opportunity to understand the hydrological regime 

variability across long time scales (i.e. tens of thousands of years) and a context for 

understanding the implications of contemporary groundwater variability in a management 

environment for GDEs. These studies can be used in areas where high value GDEs are likely 

to be vulnerable to extraction scenarios, and where to uncertainties about long term wetting 

and drying cycles and ecological response functions have not yet been derived.  

8. Managing potential ecological risks in the context of uncertainty regarding interaction with and 

responses to an altered groundwater regime is best framed within an adaptive management 

regime. Development of an adaptive groundwater management plan provides a formal 

mechanism to test assumptions of groundwater dependency and relevant groundwater 

thresholds/triggers within an operational environment.   

i. An adaptive groundwater management plan should comprise spatially explicit 

groundwater thresholds/triggers (or minimum operating surfaces), management 

responses, and an ecological monitoring plan. 

ii. GDE responses to reduced groundwater levels can form the basis for setting 

groundwater level thresholds protective of the ecological values associated with 

respective GDEs. They can be established based on best current understanding of the 

environmental water requirements of these GDEs, and can be further refined through 
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targeted research and monitoring to address the assumptions which underpin their 

derivation (i.e. phreatophytic vegetation rooting depths, wetland bathymetry, surface 

water – groundwater interactions, role of tertiary aquifers and geological fractures in 

providing preferential flow paths, etc.). 

iii. An adaptive groundwater management plan should ensure that both groundwater levels 

are monitored and pumping regimes are affected in real time in the vicinity of 

vulnerable, high value GDEs. Conservative groundwater thresholds should be 

established which incorporate estimates of critical periods (i.e. times of the year when 

evapotranspiration exceeds rainfall or soil moisture capacity) and time lag responses.  

Such lags include both hydraulic time lags (the time before drawdown or reduction in 

discharge occurs may be very long, therefore stopping or restricting pumping may 

similarly take a long time to manifest at the GDE site, by which time irreversible 

ecological effects may have occurred); and ecological time lags (which relates to the 

resilience of GDEs and the issue of water stress being masked until such time as 

critical thresholds are reached, beyond which, rapid declines in ecosystem condition 

may occur before adaptive management has sufficient time to react). 

iv. There is increasing evidence in the literature  that rate of groundwater level reduction 

(i.e. m/yr) is a major driver of phreatophytic vegetation response (e.g. Scott et al. 1999, 

Shatfroth et al. 2000, Lite & Stromberg 2005). Rapid declines in groundwater levels 

may result in the acceleration of GAB impacts and likely threshold responses. Whereas, 

gradual reductions provide greater opportunity for local recharge to occur, which may 

mitigate the effects of water stress for plants to adapt (i.e. root growth, physiological 

responses) in the shorter term, and/or for progressive vegetation to occur over the long 

term. Therefore, the adaptive groundwater management plan should consider both 

rates of extraction and minimum pumping thresholds, expressed in terms of species 

water depth ranges and duration of inundation. In some cases, minimum set back 

distances may also be established for high value GDEs.    

v. Threshold-based management approaches are only useful in areas where ongoing 

ecological monitoring is occurring. Long time-series eco-hydrological data are critical to 

the development of environmental water requirements for GDEs. Integrated ecological 

and groundwater monitoring should: (i) test the assumptions underpinning the threshold 

derivation (i.e. relationships between groundwater regime and the environmental water 

requirements of environmental response function of the GDEs), and (ii) provide 

measures of ecosystem condition and response, which are sensitive to groundwater 

extraction at relevant spatial and temporal scales in order to evaluate the effectiveness 

of the water management regime. 
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Glossary of terms 

groundwater Water beneath the surface of the ground 

Groundwater Dependent Ecosystem (GDE) The subset of all ecosystems which require 

access to groundwater on a permanent or 

intermittent basis to meet all or some of their 

water requirements so as to maintain their 

communities of plants and animals, 

ecological processes and ecosystem 

services (after Richardson et al. 2011) 

remotely sensed Information obtained from satellite based 

sensors 

potentiometric surface The theoretical groundwater height of a 

confined aquifer in the absence of a 

confining layer, based on the pressure of the 

aquifer. Realisation of the potentiometric 

surface requires a physical opportunity for 

hydraulic connection (such as a geological 

fault or thinning of a confining layer)  

confined aquifer Groundwater vertically contained by an 

overlying low-permeability geology 

groundwater regime Temporal patterns in the variability of 

groundwater depth, pressure and quality at a 

given location 

(near-)surface expression of groundwater Discharge of groundwater to the ground 

surface or near to the ground surface 

significant environmental values Attributes of ecosystems with state or 

national recognition 

Cenozoic aquifer An aquifer contained within rocks deposited 

in the Cenozoic era of earth history 

Regional aquifer A groundwater system underlying an entire, 

and usually broad area 

Mesozoic sediments Sediments deposited during the Mesozoic 

era of earth history 

hydrogeology The interaction between water and rocks or 

sediments, particularly in relation to 

groundwater 

marine siltstones Sedimentary rocks formed in a marine 
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setting from deposited silt 

confining layer Low-permeability geology overlying 

groundwater and restricting its vertical 

movement  

Confining sequence A series of confining layers of different 

geological properties 

aquitard A water-saturated sediment or rock whose 

permeability is so low it cannot readily 

transmit water. Often acts as a type of 

confining layer 

polygonal faulting Cracks in rock shaped as polygons 

duricrust A hard crust formed at or near the surface of 
the ground as a result of the upward 
migration and evaporation of mineral-bearing 
ground water 

lacustrine A lake 

palustrine A shallow, often vegetated, and non-flowing 

wetland. A swamp. 

hyporheic zone The wet bed sediments of a river or stream 

parafluvial The wet alluvial sediments immediately 

fringing a river or stream 

phreatophytic vegetation Groundwater dependent plants 

obligate Requiring 

facultative Using when available, but not requiring 

flux Change over time 

capillary fringe Wetted sediments surrounding areas 

saturated with water 

interstitial Spaces in sediments or rock 

karstic With regard to an area of irregular limestone 

in which erosion has produced fissures, 

sinkholes, underground streams, and 

caverns or caves 

alluvial aquifers Groundwater in sediments deposited by 

rivers and streams, such as on floodplains 
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stygofauna Animals living within aquifers 

troglobites Animals that are obligate cave dwellers 

riverine paleochannels River channels created by past climate or 

geological conditions and which are no 

longer active 

unconfined aquifers Groundwater without overlying confining 

layers and thus not under pressure 

tertiary beds Sediments from the tertiary period of earth 

history 

(wetland) bathymetry The morphology of a wetland in respect to its 

depth of water 

optima The environmental conditions best suiting a 

species based on its ecophysiological 

tolerances and requirements 
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Appendix 1 – GDE identification methods  

GDEs were identified using combination of spatial analysis and a mapping rule set approach. 

Mapping rule sets are where a combination of related decision rules that when applied to spatial 

data sets through GIS analysis, delineate where groundwater dependent ecosystems are, or are 

likely to be. This approach was adopted by the Queensland GDE mapping and assessment 

methodology (DSITIA 2012) and the National GDE Atlas GDE identification and mapping 

methodology (SKM 2012). The GDEs of the Cape York have not yet been assessed using the 

DSITIA methodology but have been identified and mapped using the National GDE Atlas method. 

These existing data sets were obtained and consulted during this assessment process, however 

due to the limits of resolution of some of the spatial data sets used in the national methodology, 

this mapping was not adopted for this study. A method more suitable for locating GDEs at a finer 

resolution based on the best available existing Queensland mapping data sets (as used in DSITIA 

2012) was deemed more appropriate.  

Due to time constraints involved in this study, GDE identification and mapping processes fully 

adhering to the DSITIA (2012) method was not possible. This assessment does, however, follow 

many of the guiding principles specified where possible, and draws on elements of the 

groundwater dependent ecosystem mapping rule sets already developed for other areas of the 

state. These were then used in conjunction with a spatial analysis approach, developed specifically 

for this assessment, to identify GDEs across Cape York. These methods are outlined below. 

Identifying potential terrestrial vegetation GDEs 

Use of existing data 

Remnant non-wetland regional ecosystem (RE) types were scrutinised in a desktop exercise to 

assess their potential groundwater dependency. Decisions regarding potential groundwater use 

were based on multiple lines of evidence, relying on information in the RE description database 

(REDD version 7) (Queensland Herbarium 2013) for each RE type and sub-type present, and 

considered the geology (based on the land-zone attribute of each RE type as a surrogate for 

geology), vegetation community structure and key vegetation species present. The Regional 

Ecosystem criteria rule sets and associated scoring are summarised in Table 9. Scores assigned 

in the rule sets (1 to 4) were summed to give an overall score between 1 and ≥ 5, indicating the 

increasing likelihood of groundwater dependence.  
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Table 9 Regional ecosystem (RE) criteria scoring rules applied for identification of Terrestrial 
Vegetation GDEs 

RE criteria Rule-set Rule-set part 

1. All remnant non-wetland REs 

located on alluvial geology 

(land-zone 3) are potentially 

GDEs. (RE 3.10.1 is also 

considered to be potentially 

groundwater dependent as it 

is specifically associated with 

springs on sandstone 

ranges).  

All remnant non-wetland bioregion 3 (Cape York Peninsula) REs were 

assigned a score (a higher number indicating increased likelihood of 

being a GDE) on the basis of their land-zone attribution as follows: 

Land-zone Score 

3 (and RE 3.10.1) 3 

2, 5, 8, 9, 10, 11, 12 2 

1, 7 1 
 

2. All remnant non-wetland REs 

attributed as a floodplain or a 

frequently inundated area are 

potentially GDEs. 

All non-wetland REs classified as a floodplain or frequently inundated 

area assigned a score of 1. 

All other REs assigned a score of 0. 

3. All remnant non-wetland RE 

types that are dominated by 

trees, excluding lower 

grasses and shrubs, are 

identified as having 

vegetation with deeper roots 

with the potential to access 

sub-surface groundwater. 

All remnant non-wetland REs with a description indicating the 

dominance of medium or large trees (i.e. more than isolated trees and a 

canopy height of 10 m or greater) were assigned a score of 1.  

RE descriptions suggesting a dominance of grasses, forbs or shrubs 

were assigned a score of 0 (this included REs where there is also 

scattered or isolated larger trees but is dominated by lower height 

vegetation).  

4. All remnant non-wetland REs 

containing selected tree 

species known to have been 

associated with groundwater 

dependence were considered 

to be potentially groundwater 

dependent.  

All remnant non-wetland RE descriptions containing potentially 

groundwater dependent tree species (list is based on combination of 

literature review and field observations) were assigned a score of 1. 

All other REs were assigned a score of 0. 

Tree species were: 

Corymbia clarksoniana, Corymbia tesselaris, Eucalyptus camaldulensis, 

Eucalyptus platyphylla, Eucalyptus populnea, Eucalyptus tereticornis, 

Lophostomen sauveolens, Melaleuca leucandra, Melaleuca 

quinquinervia, Melaleuca tanarius, Melaleuca viridiflora, Dillenia alata 

and Calophyllum bicolor. 
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Remote sensing analysis 

A spatial analysis of the terrestrial vegetation communities was conducted using a number of 

remote sensing and spatial analysis tools to identify areas of terrestrial vegetation which are 

potentially accessing groundwater. Spatial data analysis considered criteria such as vegetation 

vigour, seasonality of vegetation vigour, proximity to geological boundaries, as well as expression 

of surface water.  

Time-series Landsat 5TM and Landsat 7ETM+ from year 2000 to 2013, together with dry-season 

2013 Landsat 8OLI satellite images were used in the remote sensing analysis. The Landsat 

imagery analysis aimed to locate vegetation patches persistently indicating healthy, active 

photosynthetic properties, despite low rainfall and climate trends at the local and regional scale. A 

time-series of vegetation cover derived from Landsat archives and used to account for long-term 

climate and seasonal fluctuations which may be present in single-date images.  

Three vegetation cover time-series were analysed (2000–2010; 2000–2005; 2005–2013) in order 

to separate potential noise signals or extreme climate events from longer term climate and 

landscape trends. The highest rank was given to vegetation patches which maintained persistent 

active photosynthesis (green) signals across the three time-series combinations. Those vegetation 

patches that maintained persistent active photosynthesis (green) signals in any one of the time-

series tests were given a score of 1. 

Single-date images from 2013 were also analysed to obtain information in the context of the latest 

dry-season land covers. Fieldwork confirmed that the 2013 dry season was suitable for assessing 

GDEs. A vegetation index known as Normalised Difference Vegetation Index (NDVI) was used 

determine patches of vegetation indicating high vigour. Those vegetation patches indicating high 

vigour in the 2013 dry season were given a score of 1.  

A water index (Feyisa 2014) was used to identify areas that expressed evidence of surface water 

in the single-date 2013 images. The water mask was also used to identify vegetation types that 

indicated above average moisture content. Those vegetation patches which were indicating above 

average moisture responses were given a score of 1. 

Thermal imagery derived from the single-date Landsat 8OLI satellite sensor was also applied to 

the remote sensing model. Vegetation types that were cooler were assumed to be accessing 

groundwater compared with ‘warmer’ vegetation types. 

A cloud assessment exercise was undertaken to select 2013 single-date images with minimal 

cloud over the 2013 calendar year. While cloud was minimised, areas under cloud in the single-

date 2013 images were masked from the vegetation vigour analysis. All other criteria were still 

assessed. 

The spatial analysis criteria rule sets and scoring is summarised in Table 10. Details of the spatial 

analysis performed and the thresholds used in the decision making are included in Attachment 1 of 

this report; Assessment of groundwater dependent ecosystems – groundwater dependent 

ecosystem mapping. 
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Table 10 Spatial data analysis criteria scoring rules applied for identification of GDEs (GDE spatial 
likelihood product) 

Spatial data analysis rule-set Rule-set score 

1. Persistent Green – Time-series 
Woody vegetation patches were given a score based on the 

high degree of persistent presence of woody vegetation and 

the low degree fluctuating vigour across the time-series. 

Vegetation patches had to agree with two of the three time-

series scenarios to be considered a persistent vegetation 

patch. 

Time-series product Score 

Persistently vigorous woody vegetation across  

three time-series; low fluctuation in vigour 
2 

Persistently vigorous woody vegetation across  

two time-series; low fluctuation in vigour  
1 

 

2. Vegetation Vigour – Single date 
Vegetation patches were given a score based on the high 

degree of vegetation vigour (NDVI). Vegetation patches with 

a scaled NDVI >= 180 were given a score of 1. 

3. Thermal Response 
Vegetation patches with a Thermal response less than 

28.5°C (or in the lowest third of the thermal response, i.e. 

coolest response) were given a score of 1.  

4. Moisture Response 
Vegetation patches with a high moisture response were 

given a score of 1.   

5. Geological Contact Zone 
Intersection of vegetation patches within a 1 km buffer of a 

geological contact zone (the boundary between distinct 

geological parcels) were given a score of 1. 

All criteria were summed and a score between 1 (least likely) and 6 (highly likely) assigned. These 

likelihood scores were then combined with the criteria from the existing information to generate a 

decision matrix score (as described in classification of groundwater dependency section below). 

The final product included a Remote Sensing derived spatial analysis criteria product, known as 

the ‘GDE Spatial Likelihood product’ which forms one component of a GDE likelihood decision 

matrix. The remote sensing derived spatial analysis product was intersected with non-wetland 

remnant REs for each catchment for reporting purposes. 

Use of field survey results  

A selection of representative field survey spring sites and non-spring sites was used to calibrate 

thresholds in the satellite-derived inputs as listed in Table 15. Median pixel values for each index 
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were calculated for a 3 × 3 pixel grid around the field site location. Median pixel values for each 

index were then correlated with spring sites and non-spring field sites. Thresholds used to separate 

the key indicators of springs were then applied to the model to extrapolate the thresholds across 

the Cape York region (see Attachment 1 of this report). Known spring sites not used in the 

calibration stage were used to validate the extrapolated model. 

Classification of groundwater dependency 

Within this assessment, a rules-based framework utilising expert interpretation of the regional 

ecosystem (RE) description criteria (as outlined in Table 9) and, spatial data analysis criteria 

(Table 10), is used to classify potential groundwater dependent terrestrial vegetation communities 

within the Cape York area. Both components of this analysis are considered separately and 

assigned a score between 1 and ≥ 5 for RE mapping criteria and 1 and 6 for spatial analysis 

criteria (indicating increasing likelihood of groundwater utilisation). Both scores are then used as 

inputs to a decision matrix and multiplied. The resultant score is used to classify RE types as 

‘highly likely’, ‘likely’ or ‘unlikely’ in terms of their possible utilisation of groundwater (Figure 15). 
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 1 2 3 4 ≥ 5    

1 1 2 3 4 5    Unlikely 

2 2 4 6 8 10    Likely  

3 3 6 9 12 15    Highly Likely 

4 4 8 12 16 20    

5 5 10 15 20 25    

 6 6 12 18 24 30    

 

Figure 15 Decision matrix for determination of likelihood of groundwater utilisation for remnant non-
wetland RE types 

Following this step all REs identified as being ‘likely’ or ‘highly likely’ to be utilising groundwater 

based on the decision matrix outputs were spatially examined to determine the percentage of the 

RE patches which were classified into each category. Only those REs where greater than 50 per 

cent of the mapped RE area were classified as ‘likely’ or ‘highly likely’ to be GDEs were considered 

to be potentially dependant on groundwater. This assumption relies on the rationale that for an RE 

to be considered to be ‘dependant’ on groundwater there must be a majority of it potentially 

accessing groundwater as identified through the decision matrix determination.  

Identifying potential wetland GDEs 

Use of existing data 

Non-riverine wetlands in the plan area have been mapped and these were assessed for possible 

dependence on groundwater. A rules based GIS-based approach was applied using existing data 

sources to identify non-riverine groundwater dependent wetlands across the Cape York area. This 

approach is outlined below and summarised in Table 11. Scores assigned in the rule sets 2 to 4 

were summed to give wetlands a GDE rule set score between 1 and 5. This indicates the 

increasing likelihood of groundwater dependence. 
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Table 11 Mapping rules applied for identification of non-riverine wetland GDEs 

Wetland mapping Rule-set Rule-set part 

1. Select all unmodified non-

riverine wetlands in the Cape 

York region as the potential 

population 

Using the QLD Wetlands mapping layer (Queensland Wetland Data 

‘Wetland Areas’ Version 3.0 2009) select for: 

• Palustrine and Lacustrine wetlands (Non-Riverine wetlands only 

or ‘unknown’) 

• Those wetlands which are hydrologically unmodified (attributed 

as ‘H1’ or ‘unknown’) 

 

2. Wetlands that are persistent 

are more likely to be fed by 

groundwater 

Using the ‘Water regime’ attribute of the QLD Wetlands mapping layer 

(Queensland Wetland Data ‘Wetland Areas’ Version 3.0 2009) wetlands 

were assigned a score based on their classification as follows: 

Land-zone Score 

‘Commonly inundated wetlands’ (80–100% of the time 

based on imagery). 

 

3 

‘Intermediately inundated wetlands’ (40– 60% of the 

time based on imagery) or ‘unknown’ 

 

2 

‘Rarely inundated wetlands’ (< 20% of the time based 

on imagery)  

 

1 

 

3. Those wetlands on a 

floodplain are likely to be 

regularly filled by river flood 

water and thus be less 

dependent on groundwater 

than those located elsewhere 

in the landscape 

Using the ‘Floodplain’ attribute of the QLD Wetlands mapping layer 

(Queensland Wetland Data ‘Wetland Areas’ Version 3.0 2009) wetlands 

were assigned a score based on their classification as follows: 

• ‘Saturated flooded non-riverine swamps’ or ‘unknown’ wetlands 

were assigned a score of 1 

• ‘Floodplain’ wetlands were assigned a score of 0 
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4. Wetlands located on alluvial 

geology (land-zone 3) are 

potentially GDEs 

Using the ‘Wetland RE’ attribute of the QLD Wetlands mapping layer 

(Queensland Wetland Data ‘Wetland Areas’ Version 3.0) (QWP 2012) 

wetlands were assigned a score based on their classification as follows: 

• Wetlands where the dominant wetland RE type is on alluvium 

(land-zone 3) or ‘unknown’ were assigned a score of 1.  

• All other wetlands REs were assigned a score of 0. 

The scores assigned to each wetland were then used in conjunction with the results of the remote 

sensing analysis to classify wetlands based on their groundwater dependency using the decision 

matrix shown in Figure 16.   

Remote sensing analysis 

A spatial analysis of the Cape York area was conducted using a number of remote sensing and 

spatial analysis tools to identify wetlands potentially accessing groundwater. Spatial data analysis 

considered various criteria, each using defined thresholds, to assign a score to each non-riverine 

wetland. The spatial analysis criteria rule sets and scoring is summarised in Table 12. Details of 

the spatial analysis performed and the thresholds used in the decision making process are 

included in the Attachment 1 of this report. 

The remote sensing derived GDE Spatial Likelihood product was intersected with the Queensland 

Wetlands mapping (version 3) spatial data based on ‘Wetland ID’ for each catchment. Wetland IDs 

containing pixels from the GDE spatial analysis criteria product were assigned the criteria value (1 

to 6) according to the maximum criteria located within a unique Wetland ID. 

Use of field survey results  

A selection of representative field survey wetland sites were used to validate the findings from the 

spatial analysis derived criteria. Spatial locations of known wetlands were used to confirm the 

findings in the spatial analysis products.   

Classification of groundwater dependency 

Within this assessment a rules based framework, utilising expert interpretation of both Queensland 

wetland mapping attributes (as outlined in Table 9) and spatial data analysis criteria (Table10), is 

used to classify potential groundwater dependent non-riverine wetlands within the Cape York area. 

Both components of this analysis are considered separately and wetland mapping attributes 

assigned a score between 1 and ≥ 5 (indicating increasing likelihood of groundwater dependence) 

and spatial data analysis criteria are assigned a score between 1 and 6. Both scores are then 

utilised as inputs to a decision matrix and multiplied. The resultant score is used to classify 

wetlands as ‘highly likely’, ‘likely’ or ‘unlikely’ in terms of their groundwater dependence (Figure 16). 
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3 3 6 9 12 15    Highly Likely 

4 4 8 12 16 20    

 5 5 10 15 20 25    

 6 6 12 18 24 30    

 

Figure 16 Decision matrix for classification of likelihood of groundwater dependence for non-riverine 
wetlands 

Identifying potential spring GDEs 

Use of existing data  

These GDEs were identified within the Cape York area using a variety of existing data sets (Table 

12) sourced from State held mapping and combined to produce a best available location for these 

GDEs.  

Table 12 Mapping data sets used for identification of springs dependent on the surface expression of 
groundwater 

 Mapping layer used   Mapping rule-set part 

Great Artesian Basin Watercourse springs 

(source/version number/date) 

GAB watercourse springs were mapped using the State 

held layer accessible via the SIRQRY. 

Queensland Wetland Mapping ‘Wetland 

Points’ Version 3.0 2009 

Queensland Wetland Mapping Springs data (Queensland 

Wetland Data ‘Wetland Points’ Version 3.0) (QWP 2012) 

were included. 

Aquatic Conservation Assessment for the 

Cape York Peninsula  

Springs and spring fed stream locations were verified as 

part of the expert elicitation process during the Cape York 

ACA. Recorded locations were added to the mapping data 

set. 

Whilst this is the best available information, it should be noted that the springs mapping in the 

Cape York bioregion (bioregions following Sattler & Williams, 1999) is considered to be incomplete 

according to the Queensland Springs Mapping progress (1 July 2011). Therefore it is possible that 

unmapped springs exist in this area. Field verification of previously recorded springs was 



GDE investigation supporting the assessment of groundwater sustainability in the Great Artesian Basin of Cape York 

63 

undertaken as part of this project and field sites were visited across the Cape York region during 

November 2013.  

Remote sensing analysis 

A spatial analysis of the Cape York area was conducted using a number of remote sensing and 

spatial analysis tools to identify spring locations. The spatial analysis criteria rule sets and scoring 

and details of the spatial analysis performed and the thresholds used in the decision making 

process are included in Attachment 1 of this report. 

The remote sensing derived ‘GDE Spatial Likelihood product’ was applied to non-wetland RE 

mapping and all criteria were summed and a score between 1 (least likely) and 6 (highly likely) 

assigned. Those RE patches where the GDE spatial likelihood score was greater than or equal to 4 

(equal to 4 were classified as likely and those which scored 5 or 6 were classified as highly likely) 

and which were less than 50 per cent of the terrestrial RE area for the catchment were selected. 

This process excluded those areas already identified as terrestrial vegetation GDEs. Areas also 

already identified within the baseflow stream buffer and all identified non-riverine wetlands, were 

also excluded from the spatial data set. The remaining identified areas are those considered to 

have the potential to harbour springs.  

Use of field survey results  

A selection of representative field survey spring sites was used to calibrate the spatial analysis 

derived criteria. Independent field spring survey observations of known springs were used to 

confirm the findings in the spatial analysis products.   

Classification of groundwater dependency 

Areas outside those already identified as potential terrestrial vegetation GDEs were assessed for 

the potential to harbour spring GDEs. This assessment is based on criteria used within the GDE 

spatial analysis product to identify areas where spring GDEs are likely or highly likely to occur. 

Identifying potential baseflow stream GDEs 

Use of existing data 

Identification of baseflow streams was undertaken using the Australian Hydrological Geospatial 

Fabric (Geofabric) version 2.1 to define the stream network for location of watercourses. The Major 

Streams only were assessed in this project as the Minor Streams were beyond the scale of 

detection for the Landsat imagery used in the spatial intersections.  

Remote sensing analysis 

A spatial analysis of the Cape York area was conducted using a number of remote sensing and 

spatial analysis tools to identify perennial streams that are potentially fed by groundwater. The 

Geofabric stream layer was buffered by 400 metres (for a total width of 800 metres) to account for 

the misalignment between the satellite imagery and the Geofabric products. 

Major Stream buffers containing pixels from the ‘GDE Spatial Likelihood product’ were assigned 

the criteria value (1 to 6) according to the maximum criteria (as per Table 9) located within a 

unique stream reach. Those stream reaches where the GDE spatial likelihood score was greater 
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than or equal to 4 were identified as potential baseflow streams (equal to 4 were classified as 

‘likely’ and those which scored 5 or 6 were classified as ‘highly likely’).  

Use of field survey results  

A selection of representative field survey spring-fed stream sites were used to calibrate thresholds 

in the remote sensing derived inputs as listed in Table 9. Median pixel values for each index were 

calculated for a 3 × 3 pixel grid around the field site location. Median pixel values for each index 

were then correlated with spring sites and non-spring field sites. Thresholds used to separate the 

key indicators of springs were then applied to the model to extrapolate the thresholds across the 

Cape York region. Spatial locations of known baseflow streams were used to confirm the findings 

in the spatial analysis products.   

Identifying potential cave/aquifer system GDEs 

Identification of cave and karstic communities 

The presence of Cave and karstic ecosystems on Cape York Peninsula was assessed using the 

Queensland Karst and GDE caves mapping layer (Queensland Herbarium 2012) completed as 

part of the Queensland Groundwater dependent ecosystem mapping project. These resources 

were interrogated to identify any known cave and karstic ecosystems across the Cape York area. 

Identification of stygofauna communities 

Subterranean aquifers and hyporheic/parafluvial zones (the zone of interaction between river water 

and the groundwater present in the banks and beds of rivers) are present throughout the Cape 

York area and have the potential to support groundwater fauna, or stygofauna, communities within 

them.  

Stygofauna communities have been recorded in a limited number of locations across Queensland 

and current available information on their composition and extent is kept within the Queensland 

Styogofauna database (under the custodianship of Water Planning Sciences within DSITIA) and 

spatially represented through SPIN (spatial information network). These resources were used to 

identify any known stygofauna communities across the Cape York area. 

Identifying potential submarine discharge GDEs 

A review of existing literature and other available data sources was undertaken with the aim of 

identifying the extent and location of this GDE type across the Cape York area. No direct 

measurement of sub-marine groundwater discharge was undertaken as part of this assessment.  
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Appendix 2 – Field validation studies 

Site selection 

Potential sites for field survey were selected based on pre-existing information on the locations of 

GAB watercourse springs (created for the springs register as part of the Great Artesian Basin 

Resource Operations Plan 2006), wetlands and GAB springs (Wetland Mapping extent and type of 

wetlands in 2009 at 1:100,000), and additional sites of likely high ecological value (R. Fensham 

2013, pers. comm.). All information, except for springs register sites, was sourced from the 

Department of Natural Resources and Mines SIRQRY database (DNRM 2013 accessed 

15/10/2013). 

Preliminary analysis of LandSat imagery was also undertaken to identify a range of vegetation 

patches with indication of the maintenance of vigour during dry times. These sites were then 

filtered for accessibility and the list of potential sites taken into the field.  

As many of these sites as possible, which were accessible by four-wheel drive vehicle or by 

walking from near-by roads, were visited during a field trip from 31 October to 16 November 2013. 

At this time the region was very dry, having experienced a dryer than average wet season in the 

summer of 2012/2013 and little to no subsequent dry season rainfall (see Figure 17). This was a 

good time to evaluate GDEs as most surface water discharge and most plants with mesomorphic 

leaves (i.e. those designed to function optimally for water uptake and gas exchange in 

photosynthesis under moist conditions) would be relying upon access to groundwater after such a 

prolonged period without rainfall.  
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Figure 17 Monthly rainfall figures for 2012 and 2013 at the Coen Post Office (rainfall station number 
027005). Reproduced from climate data online, BOM 2014b, c. 

Site descriptions 

Each site surveyed was initially classified as a particular GDE type being either a terrestrial 

vegetation patch, spring, wetland or baseflow stream. Location coordinates were recorded (Garmin 

62s GPS) and photographs were taken to illustrate vegetation structure, the presence of key plant 

species, soil surface, the presence of surface water and of any significant fauna observed. 

Vegetation patches were evaluated for the likelihood that they were actually GDEs based on 

vegetation structure, vegetation vigour relative to the surrounding landscape as observed at the 

site and from Landsat imagery. Sampling site location details are given in Table 15 and their 

locations are shown in Figure 18. 
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Methods  

Water Chemistry 

At each site (as detailed in the site description section below) water temperature, pH, conductivity 

and total dissolved solids were measured in situ with a Hanna multi parameter meter (HI98129).  

Water samples were collected (Figure 18) in 40 mm glass vials for laboratory analysis of major 

ions (EHP 2013a) and for analysis of oxygen and hydrogen isotopes (see Appendix 3). Care was 

taken at the time of sampling to ensure that water samples were sealed and placed in cool storage 

with minimal opportunity for evaporation. 

Stable isotopes of oxygen are expressed as δ 18O (18O/16O) and hydrogen as δ 2H (2H /1H). The 
18O/16O and 2H/1H isotope ratios were determined using an LGR liquid water isotope 

analyser. Setup and operating parameters were as per LGR’s operating manual ‘Liquid-Water 

Isotope Analyser, version 2, Automated Injection’ (2009). Samples were run concurrently with LGR 

certified working standards and normalised against the curve those standards produced, relative to 

Vienna Standard Mean Ocean Water (VSMOW, IAEA).  

Benthic diatoms 

Benthic diatoms (unicellular microalgae) were collected because they are abundant, diverse, 

ubiquitous and renowned for their high sensitivity to variability in water chemistry, meaning that 

they had high potential to illustrate ecological responses to such variability in water chemistry 

between spring and baseflow stream GDEs fed by different aquifers. Composite diatom samples 

were collected by scraping submerged woody debris and sub-sampling the surface substrate with 

a wide-bore pipette. Samples were preserved in situ in 70 per cent ethanol. 

Diatom samples were prepared in the laboratory using a modified version of Battarbee et al. (2001) 

with 2–3 h treatments in 10 per cent HCl and 10 per cent H2O2, respectively, to remove carbonate 

and organic matter. Following each of these steps, samples were washed (three times) in distilled 

water and allowed to settle for 12 h between washes. Prepared slurries were dried on coverslips 

which were then inverted and mounted on permanent slides using Naphrax® mounting medium. 

Diatoms were identified at 1500 × magnification, using a Nikon Eclipse E600 with Nomarski 

differential interference contrast optics.  

Taxa were identified with reference to a variety of sources (in particular Krammer & Lange-Bertalot 

1986; 1988, 1991a, 1991b; and Sonneman et al. 1999). A number of diatom taxa represented 

undescribed species, in which case these were given descriptive epithets or the descriptor “aff.” 

where they had strong affinities to known species, but did not completely fit the description. Diatom 

counting was undertaken along transects across the coverslip. A minimum of 300 valves, or 

maximum of 10 transects, were counted from each sample. Samples were considered ‘barren’ (i.e. 

no diatoms preserved in the sample) if no diatom valves were encountered in three transects.  

For analysis, diatom species counts were expressed as proportional abundance at each site. 

These were square-root transformed to down-weight the influence of dominant taxa to better 

represent assemblage differences between sites. These differences were quantified using Bray-

Curtis similarity and the resulting association matrix was ordinated in two dimensions using 

multidimensional scaling with 100 random starts. This ordination was plotted in two dimensions to 

give a graphical representation of patterns in diatom assemblage composition between sample 

sites. Values of key water quality variables were superimposed over this ordination using bubble 
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plots to illustrate how the diatom assemblages of sites may have responded to variability in water 

quality. Bubble plots were generated for pH, electrical conductivity (EC) and for the main axis of 

variability in ionic proportions derived from the Piper diagram analysis.  
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Figure 18 Location of water quality and diatom sampling sites 
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Terrestrial vegetation 

Before the field trip expert advice was obtained on characteristic plant species of spring 

ecosystems on Cape York (Rod Fensham, 2013 pers comm.). Pre-existing photographs and 

descriptions of known species were collated to assist with field identification. At each site, a search 

was made for these species as well as any other dominant or interesting mesophytic and aquatic 

plants and, where present, specimens were collected, labelled and pressed for subsequent expert 

identification by the Queensland Herbarium.  

Flow gauging 

To provide a relative measure of discharge at each field site at the time of sampling, 

measurements were made of the width and depth of each watercourse spring/baseflow stream 

field site in addition to recording the rate of flow at multiple points across the stream. Flow 

measurements were collected with the Marsh-McBirney model 2000 Flo-Mate portable flowmeter 

in accordance with operator’s handbook (Marsh-McBirney 1990). 

Field validation to support groundwater conceptualisation  

A method for identifying GDEs dependent on GAB aquifers has been developed (EHA 2009) and, 

as far as was possible given data availability, the stages in this method were applied to Cape York 

Peninsula GDEs. The method follows a logical path of deduction by comparing measured 

attributes of GDEs with measured attributes of candidate source aquifers.  

For GDEs, elevations were obtained by intersecting their locations with a digital elevation model (1- 

second hydrologically corrected SRTM DEM) of the region (Farr et al. 2007; Dowling et al. 2011). 

Water temperatures and ionic and isotopic water chemistry attributes of selected representative 

springs and baseflow streams were obtained from field measurements. As discussed above, all 

sites were sampled following a prolonged period without rainfall, so there was no need to consider 

temporal rainfall data any further in this case. Where possible estimates of discharge were made at 

the time of field sampling (see above), but for most springs and baseflow streams there were no 

data available to inform temporal discharge variability. 

For potential GAB dependent GDEs which were sampled for this investigation, water chemistry 

was compared with the limited available data on aquifer chemistry. Piper diagrams were produced 

to display ionic chemical signatures of water samples to compare ionic chemical signatures of 

surface water from field sites and from existing bores, some of which were drilled into specific 

aquifer systems (Tables 13 and 14).   

Comparisons of chemical signatures from field sites and existing samples from groundwater bores 

were used to identify waters that have been exposed to the same or similar sediments and 

therefore inform potential source aquifer determination for GDEs. However, these must be 

interpreted cautiously, as additional factors such as mixing, dilution and residence time may also 

influence the water chemical signatures of GDEs.   

As the variety of information sources for potential source aquifers were sparse and did not 

represent aquifers at the spatial resolution recommended for GDE source attribution (EHA 2009), 

the resulting identification of the GAB as the potential source aquifer for GDEs remains equivocal 

and requires additional sampling for confirmation.  

  



GDE investigation supporting the assessment of groundwater sustainability in the Great Artesian Basin of Cape York 

71 

Table 13 Aquifers represented by existing bore water chemistry samples. 

Aquifer name Aquifer class (GAB/ not GAB) 

Bulimba Formation Not GAB 

Rolling Downs Group GAB 

Gilbert River Formation GAB 

Garraway Sandstone GAB 

basement granite Sub-GAB 

Helby beds GAB 

Lilyvale beds Not GAB 

Sefton Metamorphics Not GAB 

 
  



Department of Science, Information Technology, Innovation and the Arts 

72 

Table 14 Aquifers tapped by each bore used in water quality analyses 

Aquifers tapped Bores 

Bulimba Formation/Rolling Downs Group 92100001 

Gilbert River Formation/Garraway Sandstone 13479 

Gilbert River Formation 109788, 37291, 37630, 45216, 72421, 

78220, 92476, 92500003, 92500005 

basement granite 45465, 45466, 72763, 78497 

Helby beds 92600002 

Lilyvale beds/Gilbert River Formation 78747 

Rolling Downs 78180, 92054 

Rolling Downs Group/Gilbert River Formation 72779, 72780, 72781, 72880, 78221, 

78792 

Rolling Downs Group/Gilbert River Formation/Garraway 

Sandstone 

72262, 78666, 92500002 

Sefton Metamorphics 92500007 
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Results 

Site selection 
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Table 15 Field survey sites visited during November 2013 

No. Site Name Latitude Longitude Altitude 

(m) 

Catchment Surface 

water 

present 

In-situ 

pH 

In-situ 

Temp 

Deg C 

In-situ 

EC 

µS/cm 

1 Bertie Creek @ Ranger pump station -11.756900 142.590580 71 Ducie Yes 6.11 26.5 29 

2 Bertie Creek @ Telegraph Road 

crossing 

-11.828860 142.499800 44 Ducie Yes 5.79 25.3 31 

3 Captain Billy Spring @ Source of 

Spring 

-11.661130 142.736200 72 Jacky 

Jacky 

Yes 4.50 25.0 65 

4 Cholmondoley Creek @ Telegraph 

Road 

-11.812420 142.496020 42 Ducie Yes 5.54 26.4 24 

5 Cockatoo Creek @ Heathlands 

Airstrip 

-11.728940 142.556150 79 Ducie Yes 5.54 28.8 19 

6 Crystal Creek @ Bypass Road -11.267090 142.298400 69 Ducie Yes 5.98 28.8 18 

7 Remote Sensing polygon 122 @ 

Telegraph Road 

-12.301570 142.594880 95 Wenlock No N/A N/A N/A 

8 Eliot Creek @ Telegraph Road -11.363420 142.401780 47 Jardine Yes 5.72 29.0 29 
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9 Eliot Creek @ Fruit Bat Falls -11.439713 142.434804 68 Jardine Yes N/A N/A N/A 

10 Everlasting Spring @ Heathlands 

Ranger Station 

-11.753750 142.587840 76 Ducie Yes 5.53 27.7 18 

11 Opportunistic Spring 01 @ 

Frenchmans Road 

-12.657630 142.850330 84 Wenlock Yes 5.38 26.9 57 

12 Opportunistic Spring 02 @ 

Frenchmans Road 

-12.662530 142.923680 120 Wenlock Yes 5.23 27.7 58 

13 Garraway Creek @ Portland's Road -12.755041 143.105564 57 Olive-

Pascoe 

Yes 6.64 26.7 182 

14 Heineman Lagoon -12.641210 142.801900 48 Wenlock Yes 5.38 26.7 32 

15 Heineman Spring -12.641920 142.801700 48 Wenlock Yes 6.05 27.9 42 

16 Hydrology Palustrine wetland 09 -12.030960 142.689380 70 Jacky 

Jacky 

Yes 4.96 28.4 39 

17 Maloney Springs -12.456310 142.928760 154 Olive-

Pascoe 

Yes 5.06 26.4 54 

18 Mt Tozer Lookout viewing platform -12.732860 143.212770 94 Lockhart No N/A N/A N/A 
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19 Opportunistic Spring 03 @ Pascoe 

Crossing Road 

-12.734330 143.060210 46 Olive-

Pascoe 

Yes 4.70 25.8 48 

20 Pascoe River @ Fall Creek -12.880380 142.983320 49 Olive-

Pascoe 

Yes 6.52 29.8 149 

21 Remote Sensing polygon 101 @ 

Mungkan Kandju NP 

-13.610910 142.689563 120 Archer No N/A N/A N/A 

22 Remote Sensing polygon 102 @ 

Mungkan Kandju NP 

-13.614010 142.750530 121 Archer No N/A N/A N/A 

23 Remote Sensing polygon 115 @ 

Mungkan Kandju NP 

-13.693902 142.902668 184 Archer No N/A N/A N/A 

24 Remote Sensing polygon 118 @ 

Telegraph Rd 

-12.199561 142.577653 88 Ducie No N/A N/A N/A 

25 Remote Sensing polygon 119 @ 

Telegraph Rd 

-12.199533 142.582480 87 Ducie No N/A N/A N/A 

26 Remote Sensing polygon 127 @ 

Telegraph Rd 

-12.222056 142.590682 99 Ducie No N/A N/A N/A 

27 Remote Sensing polygon 128 @ 

Vegetation patch 

-12.434060 142.149810 26 Wenlock No N/A N/A N/A 
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28 Remote Sensing polygon 129 @ 

Vegetation patch 

-12.426118 142.168724 17 Wenlock No N/A N/A N/A 

29 Remote Sensing polygon 131 @ 

Vegetation patch 

-12.469129 142.203746 40 Wenlock No N/A N/A N/A 

30 Remote Sensing polygon 132 @ 

Vegetation patch 

-12.450121 142.154408 44 Embley No N/A N/A N/A 

31 Remote Sensing polygon 134 @ 

Vegetation patch 

-12.416560 142.123660 38 Wenlock No N/A N/A N/A 

32 Remote Sensing polygon 17 @ 

Bypass Rd 

-11.375220 142.347933 105 Ducie No N/A N/A N/A 

33 Remote Sensing polygon 25 @ 

Mungkan Kandju NP 

-13.500960 142.688322 99 Archer No N/A N/A N/A 

34 Remote Sensing polygon 26 @ 

Mungkan Kandju NP 

-13.532140 142.690690 93 Archer No N/A N/A N/A 

35 Remote Sensing polygon 27 @ 

Mungkan Kandju NP 

-13.527166 142.693381 94 Archer No N/A N/A N/A 

36 Saucepan Spring @ Eliot Creek -11.386340 142.415800 53 Jardine Yes 5.32 26.8 23 

37 Soda Springs -14.428170 142.849790 122 Holroyd Yes 5.36 26.9 213 
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38 Remote Sensing polygon 135 @ 

Discharge point 

-12.515770 142.285140 60 Embley Yes 4.39 28.2 38 

39 Spring Creek @ Mungkan Kandju 

NP 

-13.537200 142.692830 91 Archer No N/A N/A N/A 

40 Vegetation patch @ Batavia Downs 

Road 

-12.707260 142.588200 142 Wenlock No N/A N/A N/A 

41 Vegetation patch @ Capt Bill 

Landing Road 

-11.619380 142.836550 31 Jacky 

Jacky 

No N/A N/A N/A 

42 Water Course Spring @ Grader 

pump site 

-12.501310 142.255840 55 Embley Yes 4.58 26.0 28 

43 Water Course Spring 07 @ 

Kennedy's Lost Camp 

-11.764437 142.681010 118 Jacky 

Jacky 

Damp N/A N/A N/A 

44 Water Course Spring 21 @ 

Vegetation patch 

-11.423510 142.369000 124 Ducie No N/A N/A N/A 

45 Water Course Spring @ Palm Creek -12.050650 142.636310 50 Ducie Damp N/A N/A N/A 

46 Wenlock River @ Moreton Telegraph 

Station 

-12.455480 142.640530 28 Wenlock Yes 6.58 30.1 77 

47 Wenlock River @ Portland's Road -13.095540 142.941970 114 Wenlock Yes 6.35 29.7 135 
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48 Wenlock River @ Stone Crossing -12.388090 142.174070 4 Wenlock Yes 6.43 30.5 87 

49 Wenlock River U/S of Heineman 

Spring confluence 

-12.641080 142.799640 47 Wenlock Yes 6.18 29.0 79 

50 Qld Mapped Spring 01 @ Mango 

tree 

-14.084960 143.135830 216 Holroyd Yes 5.75 27.5 390 

51 Qld Mapped Spring 03 @ Rokeby Rd -13.631430 142.825700 123 Archer Yes 6.02 25.3 100 

52 Qld Mapped Spring 06 @ Peninsula 

Development Rd 

-13.198030 142.847990 182 Archer Yes 4.89 26.8 107 

53 Qld Mapped Spring 12 @ Drainage 

line 

-11.858720 142.653580 84 Jacky 

Jacky 

Yes 5.02 26.0 49 

54 Qld Mapped Spring 19 @ Old 

Telegraph track 

-11.449010 142.414250 113 Jardine Yes 5.02 27.2 25 

55 Qld Mapped Wetlands 12 @ 

Melaleuca swamp 

-13.722650 142.540270 140 Archer No N/A N/A N/A 
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Figure 19 Map showing site locations and assigned GDE type
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Site descriptions 

To aid flora species identification, representative samples were collected and identified at the 

Queensland Herbarium. Herbarium identified species are denoted with an *. 

Site 1 Bertie Creek @ Ranger pump station  

  

The Bertie Creek @ Ranger pump station sampling location is a clear water creek, approximately 
5 m wide and incised down 2–3 m banks into the landscape. The quality of water and permanency 
of flow is sufficient to support domestic use for the near-by Ranger station. The surrounding 
vegetation consists of relatively dense woodland for the Heathlands area. 

Flow measurements were recorded at this site for comparative purposes. At the time of sampling, 
the flow discharge rate was 0.189 m3/s. 

Distance across stream (m) 0.50 1.50 2.50 3.50 4.50 

Depth (m) 0.40 0.50 0.50 0.30 0.10 

Flow rate (m/s) 0.14 0.15 0.12 0.04 0.0 

Water quality analysis was conducted at this site, with in-situ readings taken and samples collected 
for laboratory analysis of physical parameters and stable isotopes. 

There were no vegetation observations made for this site location. 
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Site 2 Bertie Creek @ Telegraph Road crossing  

 

 

Bertie Creek @ Telegraph road crossing sampling location is a slightly tannin stained creek of 
approximately 10 m width located at a camp site where the Telegraph road crosses the creek. The 
creek has a hard base relative to the sandy substrate found further up the bank. The surrounding 
vegetation consists of dense woodland, with numerous Melaleuca spp. within the riparian zone. 

Flow measurements were not recorded for this site. 

In-situ water quality measurements were recorded for this site. No water samples were collected.  

 

Family Scientific Name Common Name Association with water 

Myrtaceae Melaleuca spp. Paperbark Associated with wet conditions 

Nepenthaceae Nepenthes spp. Pitcher plants Likes high humidity and precipitation 

 Unidentified Liverwort* Associated with wet conditions 
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Site 3 Captain Billy Spring 

  

 

The site Captain Billy Spring is located at the spring discharge point within dense rain forest. The 
terrain is steep, and below the discharge point has eroded into a clear drainage line. Neighbouring 
drainage gullies did not contain any flowing water. The volume of flowing water increased with 
distance downstream of the initial discharge point. 

Flow measurements were not recorded for this site.   
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Water quality analysis was conducted at this site, with in-situ readings taken and samples collected 
for laboratory analysis of physical parameters and stable isotopes. 

 

Family Scientific Name Common 
Name 

Association with water 

Calophyllaceae Calophyllum bicolor Springwood Associated with permanent springs 

Dilleniaceae Dillenia alata Red Beech Associated with wet conditions 

Arecaceae Licualia sp. Fan Palm Found in tropical rainforests  

Asparagaceae Lomandra banksii Clumping mat-
rush 

Found in woodlands, heath, rainforest 
margins 

Melastomataceae Melastoma malabathricum Native 
Lasiandra 

Associated with open, wet conditions 

Myrtaceae Syzygium spp. Lillipillies Unknown 

Cyperaceae Hypolytrum nemorum* Sedge* Associated with wetlands 

Rubiaceae Atractocarpus sessilis* Gardenias* Tolerant of drier periods 

Myrtaceae Rhodomyrtus trineura subsp. 
Capensis* 

Ironwood* Grows anywhere in rain forest 
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Site 4 Cholmondoley Creek @ Telegraph Road 

  

The site Cholmondoley Creek @ Telegraph road is a clear water creek of approximately 5 m width 
located at the road crossing. The site consisted of a sandy substrate, with numerous aquatic plants 
evident. The surrounding vegetation is open woodland, with a well-developed understory. 

Flow measurements were recorded at this site for comparative purposes. At the time of sampling, 
the flow discharge rate was 0.256 m3/s. 

 

Distance across stream (m) 0.50 1.50 2.50 3.50 4.50 

Depth (m) 0.15 0.15 0.10 0.30 0.30 

Flow rate (m/s) 0.30 0.30 0.35 0.25 0.30 

Water quality analysis was conducted at this site, with in-situ readings taken and samples collected 
for laboratory analysis of physical parameters and stable isotopes. 

 

Family Scientific Name Common 
Name 

Association with water 

Cyperaceae Cyperaceae spp. Sedge Associated with wetlands 

 Unidentified Ferns Often associated with moist marginal 
habitats 

Melastomataceae Melastoma 
malabathricum 

Native 
Lasiandra 

Associated with open, wet conditions 

Nepenthaceae Nepenthes spp. Pitcher plants Likes high humidity and precipitation 

Pandanaceae Pandanus spp. Pandan Unknown 

 Unidentified Liverwort* Associated with wet conditions 

Juncaginaceae Cycnogeton dubius* (None 
recorded)* 

Unknown 
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Site 5 Cockatoo Creek @ Heathlands Airstrip 

  

The Cockatoo Creek @ Heathlands airstrip site is an incised, clear water steam of approximately 
1.5 m width, surrounded by open heathlands vegetation. Diffuse seepage of water from the 
surrounding landscape was evident. 

Flow measurements were recorded at this site for comparative purposes. At the time of sampling, 
the flow discharge rate was 0.038 m3/s. 

 

Distance across stream (m) 0.10 0.40 0.70 1.00 1.30 

Depth (m) 0.10 0.20 0.20 0.20 0.10 

Flow rate (m/s) 0.02 0.21 0.16 0.23 0.06 

Water quality analysis was conducted at this site, with in-situ readings taken and samples collected 
for laboratory analysis of physical parameters and stable isotopes. 

 

Family Scientific Name Common Name Association with water 

Cyperaceae Cyperaceae spp. Sedge Associated with wetlands 

 Unidentified Ferns Often associated with moist marginal 
habitats 

Melastomataceae Melastoma 
malabathricum 

Native Lasiandra Associated with open, wet conditions 

Nepenthaceae Nepenthes spp. Pitcher plants Likes high humidity and precipitation 

Pandanaceae Pandanus spp. Pandan Unknown 

Asparagaceae Lomandra banksii Clumping mat-
rush 

Found in woodlands, heath, rainforest 
margins 

Proteaceae Banksia spp. Bottle brush Unknown 

Droseraceae Drosera spp. Sundews Unknown 

Lycopodiaceae Lycopodiella cernua Staghorn 
clubmoss 

Associated with bog environments 
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Site 6 Crystal Creek @ Bypass Road 

  

 

The Crystal Creek @ Bypass road site is a sandy, incised, clear water steam of about 1–2 m wide, 
flowing from a palustrine wetland in open heathlands vegetation. The site was located at the end of 
a side road off the Bypass road. The creek had been excavated to allow pumping for water trucks. 
Evidence of feral pigs could be seen. 

Flow measurements were recorded at this site for comparative purposes. At the time of sampling, 
the flow discharge rate was 0.005 m3/s. 

Distance across stream (m) 0.10 0.30 0.40 

Depth (m) 0.05 0.10 0.10 

Flow rate (m/s) 0.15 0.20 0.10 

Water quality analysis was conducted at this site, with in-situ readings taken and samples collected 
for laboratory analysis of physical parameters and stable isotopes. 
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Family Scientific Name Common 
Name 

Association with water 

Cyperaceae Cyperaceae spp. Sedge Associated with wetlands 

 Unidentified Ferns Often associated with moist marginal habitats 

Melastomataceae Melastoma 
malabathricum 

Native 
Lasiandra 

Associated with open, wet conditions 

Nepenthaceae Nepenthes spp. Pitcher plants Likes high humidity and precipitation 

Pandanaceae Pandanus spp. Pandan Unknown 

Dilleniaceae Dillenia alata Red Beech Associated with wet conditions 

Myrtaceae Melaleuca spp. Paperbark Associated with wet conditions 

Lycopodiaceae Lycopodiella cernua Staghorn 
clubmoss 

Associated with bog environments 

Haloragaceae Gonocarpus 
acanthocarpus* 

Orchard* Associated with moist places in various types 
of woodland 
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Site 7 Remote sensing polygon 122 @ Telegraph Road 

 

 

 

The Remote sensing polygon 122 @ Telegraph Road site is a dry vine thicket located on weather 
lateritic soils on a topographic ridge line. The vegetation patch contained a well-developed 
understory of saplings, with a thick upper canopy of trees approximately 20 m high. This vegetation 
was in stark contrast to the surrounding open woodland. There was no surface water present at 
this site. 

There were no detailed vegetation observations made for this site location. 
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Site 8 Eliot Creek @ Telegraph Road 

  

The Eliot Creek @ Telegraph Road site is a clear water creek of approximately 1–2 m width, 
flowing through incised sandy channels into various deep rock pools. The surrounding vegetation 
consists of dense woodland, with numerous Melaleuca spp. within the riparian zone.  

Flow measurements were recorded at this site for comparative purposes. At the time of sampling, 
the flow discharge rate was 0.140 m3/s. 

 

Distance across stream (m) 0.30 0.90 1.10 1.40 

Depth (m) 0.10 0.15 0.15 0.10 

Flow rate (m/s) 0.95 0.75 0.70 0.85 

Water quality analysis was conducted at this site, with in-situ readings taken and samples collected 
for laboratory analysis of physical parameters and stable isotopes. 

 

Family Scientific Name Common Name Association with water 

Cyperaceae Cyperaceae spp. Sedge Associated with wetlands 

 Unidentified Ferns Often associated with moist marginal 
habitats 

Melastomataceae Melastoma 
malabathricum 

Native Lasiandra Associated with open, wet conditions 

Nepenthaceae Nepenthes spp. Pitcher plants Likes high humidity and precipitation 

Lentibulariaceae Utricularia spp. Bladderworts Occur in fresh water and wet soil 

Dilleniaceae Dillenia alata Red Beech Associated with wet conditions 

Myrtaceae Melaleuca spp. Paperbark Associated with wet conditions 

Lycopodiaceae Lycopodiella cernua Staghorn 
clubmoss 

Associated with bog environments 
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Droseraceae Drosera spp. Sundews Unknown 

Cyperaceae Eleocharis 
ochrostachys* 

Spike rush* Found in riparian forests and Melaleuca 
swamps 

 

Site 9 Eliot Creek @ Fruit Bat Falls 

  

The Eliot Creek @ Fruit Bat Falls site is located at a large water fall and water hole that is a 
popular with tourists as a swimming hole. Eliot Creek at this point is wide (approximately 30 m) 
with a base of lateritic rock, flowing clear water over a rock ledge into a large sandy pool. The 
surrounding vegetation is dense heathland scrub.  

There were no water quality observations made, or samples collected for this site location. Flow 
measurements were not recorded for this site. 

 

Family Scientific Name Common Name Association with water 

Cyperaceae Cyperaceae spp. Sedge Associated with wetlands 

 Unidentified Ferns Often associated with moist marginal habitats 

Droseraceae Drosera spp. Sundews Unknown 

Nepenthaceae Nepenthes spp. Pitcher plants Likes high humidity and precipitation 

Pandanaceae Pandanus spp. Pandan Unknown 

Proteaceae Banksia spp. Bottle brush Unknown 

Lycopodiaceae Lycopodiella cernua Staghorn clubmoss Associated with bog environments 
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Site 10 Everlasting Spring @ Heathlands Ranger Station 

  

The Everlasting Spring @ Heathlands Ranger Station site is a small clear water creek of 
approximately 2–3 m wide incised into a drainage channel. The surrounding vegetation is open 
woodland, with an increase in large canopy trees in the riparian zone. 

Water quality analysis was conducted at this site, with in-situ readings taken and samples collected 
for laboratory analysis of physical parameters and stable isotopes. 

Flow measurements were not recorded for this site. 

 

Family Scientific Name Common Name Association with water 

Dilleniaceae Dillenia alata Red Beech Associated with wet conditions 

 Unidentified Ferns Often associated with moist marginal habitats 

Myrtaceae Melaleuca spp. Paperbark Associated with wet conditions 

Nepenthaceae Nepenthes spp. Pitcher plants Likes high humidity and precipitation 

Pandanaceae Pandanus spp. Pandan Unknown 

Arecaceae Licualia spp. Fan Palm Found in tropical rainforests  
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Site 11 Opportunistic Spring 01 @ Frenchmans Road 

  

The Opportunistic Spring 01 @ Frenchmans road site is a small 1–2 m wide, clear water steam 
flowing parallel to the Frechmans Road. The creek is incised into a sandy loamy substrate within 
an open Eucalypt and Melaleuca woodland with a narrow riparian strip along the creek. 

Water quality analysis was conducted at this site, with in-situ readings taken and samples collected 
for laboratory analysis of physical parameters and stable isotopes. 

Flow measurements were not recorded for this site. 

 

Family Scientific Name Common 
Name 

Association with water 

Dilleniaceae Dillenia alata Red Beech Associated with wet conditions 

 Unidentified Ferns Often associated with moist marginal 
habitats 

Myrtaceae Melaleuca spp. Paperbark Associated with wet conditions 

Melastomataceae Melastoma 
malabathricum 

Native 
Lasiandra 

Associated with open, wet conditions 

Pandanaceae Pandanus spp. Pandan Unknown 

Apocynaceae Alstonia actinophylla Cape Milkwood Usually found in open, monsoon or rain 
forests 

Lamiaceae Faradaya splendida* Vine* Found in well-developed rain forests 

Rhizophoraceae Carallia brachiata* Cork wood* Associated with coastal watercourses 
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Site 12 Opportunistic Spring 02 @ Frenchmans Road 

  

The Opportunistic Spring 02 @ Frenchmans road site is a small sandy, tannin stained stream 
draining a palustrine wetland, as the stream crosses the road. The presence of inundated dead 
trees within the road crossing pool suggests a disruption to the natural flow by the road crossing. 
The surrounding vegetation consists of open heath woodland. 

Water quality analysis was conducted at this site, with in-situ readings taken and samples collected 
for laboratory analysis of physical parameters and stable isotopes. 

At the road crossing, stream width is reduced to 0.30 m, with a flow rate of 0.65 m/s. 

 

Family Scientific Name Common Name Association with water 

Cyperaceae Cyperaceae spp. Sedge Associated with wetlands 

 Unidentified Ferns Often associated with moist marginal habitats 

Proteaceae Banksia spp. Bottle brush Unknown 

Nepenthaceae Nepenthes spp. Pitcher plants Likes high humidity and precipitation 

Asparagaceae Lomandra banksii Clumping mat-rush Found in woodlands, heath, rainforest margins 

Pandanaceae Pandanus spp. Pandan Unknown 

Myrtaceae Melaleuca spp. Paperbark Associated with wet conditions 

Lycopodiaceae Lycopodiella cernua Staghorn clubmoss Associated with bog environments 
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Site 13 Garraway Creek @ Portland’s Road 

  

The Garraway Creek @ Portland’s Road site is a small stream cascading through boulder rock 
pools and sandy reaches in rainforest vegetation. 

Water quality analysis was conducted at this site, with in-situ readings taken and samples collected 
for laboratory analysis of physical parameters and stable isotopes. 

Flow measurements were not recorded for this site. 

There were no detailed vegetation observations made for this site location. 
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Site 14 Heineman Lagoon 

  

The Heineman Lagoon site is a large permanent waterhole (approximately 50 m wide and 300–
400 m long) situated parallel to the Wenlock River on the high bank, well above the river water 
level. The presence of Lepironia and Cyanophytes in the littoral zone suggests a consistent water 
level, even during the dry season. It is surrounded by open woodland, with no discernible riparian 
zone.  

Water quality analysis was conducted at this site, with in-situ readings taken and samples collected 
for laboratory analysis of physical parameters and stable isotopes. 

Flow measurements were not recorded for this site. 

 

Family Scientific Name Common Name Association with water 

Cyperaceae Cyperaceae spp. Sedge Associated with wetlands 

 Unidentified Ferns Often associated with moist marginal habitats 

Pandanaceae Pandanus spp. Pandan Unknown 

Dilleniaceae Dillenia alata Red Beech Associated with wet conditions 
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Site 15 Heineman Spring 

  

The Heineman Spring site is located at the junction of an overflow drainage path from Heineman 
Lagoon to a small sandy rainforest stream that flows down into the main channel of the Wenlock 
River. The overflow drainage path was not receiving water from the Lagoon, but flow began at a 
discharge point half way down a steep slope. The stream was approximately 5 m wide and flowed 
with clear water through established rainforest vegetation with a dense canopy and minimal 
understory. Numerous large (> 0.30 m) Barramundi, Sooty Grunter and Saratoga were observed in 
the small stream.  

Water quality analysis was conducted at this site, with in-situ readings taken and samples collected 
for laboratory analysis of physical parameters and stable isotopes. 

Flow measurements were not recorded for this site. There were no vegetation observations made 
for this site location. 
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Site 16 Hydrology palustrine wetland 09 

  

The Hydrology palustrine wetland 09 site is a braided network of numerous connected, small yet 
deep pools in a sandy loamy valley flat region between two rises. It appears to be a window into a 
local surface aquifer. The surrounding vegetation is a combination of open woodland, Melaleuca 
riparian vegetation and grassland across the waterlogged valley flat. 

Water quality analysis was conducted at this site, with in-situ readings taken and samples collected 
for laboratory analysis of physical parameters and stable isotopes. 

Flow measurements were not recorded for this site. 

 

Family Scientific Name Common Name Association with water 

Cyperaceae Cyperaceae spp. Sedge Associated with wetlands 

 Unidentified Ferns Often associated with moist marginal 
habitats 

Melastomataceae Melastoma 
malabathricum 

Native Lasiandra Associated with open, wet conditions 

Nepenthaceae Nepenthes spp. Pitcher plants Likes high humidity and precipitation 

Apocynaceae Alstonia actinophylla Cape Milkwood Usually found in open, monsoon or rain 
forests 

Asparagaceae Lomandra banksii* Clumping mat-
rush* 

Found in woodlands, heath, rainforest 
margins 

Myrtaceae Melaleuca spp. Paperbark Associated with wet conditions 

Lycopodiaceae Lycopodiella cernua* Staghorn 
clubmoss* 

Associated with bog environments 

Droseraceae Drosera spp. Sundews Unknown 

Pandanaceae Pandanus spp. Pandan Unknown 

Cyperaceae Scleria sieberiana* Sedge* Associated with wetlands 

Eriocaulaceae Eriocaulon setaceum* Pipeworts* Associated with swamps and seasonal 
soaks 



GDE investigation supporting the assessment of groundwater sustainability in the Great Artesian Basin of Cape York 

99 

Site 17 Maloney Springs 

  

The Maloney Springs site is a perennially flowing spring creek previously identified by the 
Queensland Herbarium. The creek is incised into sandy loamy soil in open woodland, but supports 
a distinct riparian strip along its margins. 

Water quality analysis was conducted at this site, with in-situ readings taken and samples collected 
for laboratory analysis of physical parameters and stable isotopes. 

Flow measurements were not recorded for this site. 

 

Family Scientific Name Common Name Association with water 

Calophyllaceae Calophyllum bicolor* Springwood* Associated with permanent 
springs 

Dilleniaceae Dillenia alata* Red Beech* Associated with wet 
conditions 

Arecaceae Licualia sp. Fan Palm Found in tropical 
rainforests  

 Unidentified Ferns Often associated with moist 
marginal habitats 

Melastomataceae Melastoma malabathricum* Native Lasiandra* Associated with open, wet 
conditions 

Pandanaceae Pandanus spp. Pandan Unknown 

Nepenthaceae Nepenthes spp. Pitcher plants Likes high humidity and 
precipitation 

Schizaeaceae Schizaea dichotoma* Branched Comb Fern* Found in coastal sandy soil 
and sometimes rain forest  
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Site 18 Mt Tozer lookout viewing platform 

  

The Mt Tozer lookout viewing platform site is a potential GDE palustrine wetland that was dry at 
the time of sampling. The surrounding vegetation consists of open woodland (mainly Melaleuca), 
various sedges and grassland. 

 

Family Scientific Name Common Name Association with water 

Cyperaceae Cyperaceae spp. Sedge Associated with wetlands 

Myrtaceae Melaleuca spp. Paperbark Associated with wet conditions 

Nepenthaceae Nepenthes spp. Pitcher plants Likes high humidity and precipitation 

 

  



GDE investigation supporting the assessment of groundwater sustainability in the Great Artesian Basin of Cape York 

101 

Site 19 Opportunistic Spring 03 @ Pascoe Crossing Road  

  

The Opportunistic Spring 03 @ Pascoe crossing road site was first observed as a distinct riparian 

zone within a sparse heathland landscape. It consisted of a dry, highly incised lateritic drainage 

line with vigorous canopy trees. Further downstream seeping water became evident, eventually 

filling small pools.  

Water quality analysis was conducted at this site, with in-situ readings taken and samples collected 

for laboratory analysis of physical parameters and stable isotopes. Flow measurements were not 

recorded for this site. 

 

Family Scientific Name Common Name Association with water 

Myrtaceae Melaleuca spp. Paperbark Associated with wet conditions 

Dilleniaceae Dillenia alata Red Beech Associated with wet conditions 

Asparagaceae Lomandra banksii Clumping mat-
rush 

Found in woodlands, heath, rainforest 
margins 

Cyperaceae Cyperaceae spp. Sedge Associated with wetlands 

Melastomataceae Melastoma 
malabathricum 

Native Lasiandra Associated with open, wet conditions 

Pandanaceae Pandanus spp. Pandan Unknown 

Nepenthaceae Nepenthes spp. Pitcher plants Likes high humidity and precipitation 
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Site 20 Pascoe River @ Falls Creek 

  

The Pascoe River @ Falls Creek site is located at a Queensland Government gauging station. The 

river is incised into a rock basement, meandering through a sandy channel. The water level was 

clearly low at the time of sampling. 

Water quality analysis was conducted at this site, with in-situ readings taken and samples collected 

for laboratory analysis of stable isotopes. Samples were not collected for physical chemical 

analysis due to the long historic record of water quality data at the gauging station.  

Flow measurements were not recorded for this site. 

 

Family Scientific Name Common Name Association with water 

Myrtaceae Melaleuca spp. Paperbark Associated with wet conditions 
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Site 21 Remote sensing Polygon 101 @ Mungkan Kandju 

 

The Remote Sensing Polygon 101 @ Mungkan Kandju site is a sapling regrowth area that is 

undifferentiated from the surrounding Eucalypt woodland. There was no surface water present at 

this site.  

There were no vegetation observations made for this site location. 

 

Site 22 Remote sensing Polygon 102 @ Mungkan Kandju 

  

The Remote Sensing Polygon 102 @ Mungkan Kandju site is a patch of mixed vine thickets and 

dry scrubby / open canopy Melaleuca vegetation. The vegetation at this site appeared noticeably 

water stressed. There was no surface water present at this site. 

  

Family Scientific Name Common Name Association with water 

Myrtaceae Melaleuca spp. Paperbark Associated with wet conditions 
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Site 23 Remote sensing polygon 115 @ Mungkan Kandju  

 

The Remote Sensing Polygon 115 @ Mungkan Kandju site was dry, undifferentiated Eucalypt 

open woodland. It was located on top of a ridgeline with red, loamy soil. There was no surface 

water present at this site. 

There were no vegetation observations made for this site location. 

 

Site 24 Remote sensing polygon 118 @ Telegraph road 

 

The Remote sensing polygon 118 @ Telegraph road site was dry, undifferentiated open Eucalypt 

woodland. There was no surface water present at this site. 

There were no vegetation observations made for this site location. 

 

Site 25 Remote sensing polygon 119 @ Telegraph road 

The Remote sensing polygon 119 @ Telegraph road site was dry, undifferentiated open Eucalypt 

woodland, that is indistinguishable from Remote sensing polygon 118 @ Telegraph Road. There 

was no surface water present at this site. There were no photos taken of this site. 

There were no vegetation observations made for this site location. 
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Site 26 Remote sensing polygon 127 @ Telegraph Road 

The Remote sensing polygon 127 @ Telegraph road site was a patch of rainforest / dry vine 

thicket located within an open woodland landscape on top of a ridgeline. The vegetation present 

was similar to that found at Remote sensing polygon 122 @ Telegraph road. There was no surface 

water present. There were no photos taken of this site. 

There were no vegetation observations made for this site location. 

 

Site 27 Remote sensing polygon 128 @ Vegetation patch 

  

The Remote sensing polygon 128 @ Vegetation patch site was a dry vine thicket with a dense 

closed canopy and a well-developed understory, located within sparse open woodland. Red 

lateritic rocks were present, and the soil processed high red gravel content. There was no surface 

water present at this site. 

There were no vegetation observations made for this site location. 

 

Site 28 Remote sensing polygon 129 @ Vegetation patch  

 

The Remote sensing polygon 129 @ Vegetation patch site was a dry vine thicket on top of a ridge, 

with a sparse canopy and a poorly-developed understory. There was no surface water present at 

this site. 

There were no vegetation observations made for this site location. 
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Site 29 Remote sensing polygon 131 @ Vegetation patch 

  

The Remote sensing polygon 131 @ Vegetation patch site was a dry vine thicket located within an 

open woodland landscape. There was no surface water present at this site. 

 

Family Scientific Name Common Name Association with water 

Apocynaceae Alstonia actinophylla Cape Milkwood Usually found in open, monsoon or rain forests 

 

Site 30 Remote sensing polygon 132 @ Vegetation patch 

  

The Remote sensing polygon 132 @ Vegetation patch site was a dry vine thicket located on top of 

a ridge, either side of the road within an open woodland landscape. The vegetation has a sparse 

upper canopy, with a dense, dry understory. There was no surface water present at this site. 

 

Family Scientific Name Common Name Association with water 

Apocynaceae Alstonia actinophylla Cape Milkwood Usually found in open, monsoon or rain forests 
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Site 31 Remote sensing polygon 134 @ Vegetation patch  

  

The Remote sensing polygon 134 @ Vegetation patch site was a dry vine thicket of open canopy 

and dense understory, on top of a ridge within an open woodland landscape. The site is located on 

top of a ridge of lateritic rock in various stages of weathering. The thicket was centred at the start 

of a shallow drainage line that was dry at the time of sampling. The vegetation appeared water 

stressed. There was no surface water present at this site. 

There were no vegetation observations made for this site location. 

 

Site 32 Remote sensing polygon 17 @ Bypass Road 

 

The Remote sensing polygon 17 @ Bypass Road site is a Eucalypt forest that is undifferentiated 

from the surrounding vegetation. There was no surface water present at this site. 

There were no vegetation observations made for this site location. 
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Site 33 Remote sensing polygon 25 @ Mungkan Kandju  

 

The Remote sensing polygon 25 @ Mungkan Kandju site is open mixed Eucalypt woodland habitat 

that is undifferentiated from the surrounding vegetation. There was no surface water present at this 

site. 

There were no vegetation observations made for this site location. 

 

Site 34 Remote sensing polygon 26 @ Mungkan Kandju 

 

The Remote sensing polygon 26 @ Mungkan Kandju site is a stand of Melaleuca saplings on clay 

lined drainage line within an open mixed Eucalypt woodland habitat. There was no surface water 

present at this site. 

 

Family Scientific Name Common Name Association with water 

Myrtaceae Melaleuca spp. Paperbark Associated with wet conditions 
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Site 35 Remote sensing polygon 27 @ Mungkan Kandju  

 

The Remote sensing polygon 27 @ Mungkan Kandju site is open mixed Eucalypt woodland habitat 

that is generally undifferentiated from the surrounding vegetation. The substrate was generally 

sand dominated, however some minor depressions contained higher clay content. The higher clay 

content corresponded to thicker grass cover and the presence of sedges. There was no surface 

water present at this site. 

 

Family Scientific Name Common Name Association with water 

Cyperaceae Cyperaceae spp. Sedge Associated with wetlands 
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Site 36 Saucepan Spring @ Eliot Creek 

   

The Saucepan Spring @ Eliot Creek site is small clear water spring fed stream discharging 

through twin falls into “The Saucepan” waterhole at the Eliot Falls camping area. The surrounding 

vegetation is very dense Eucalypt woodland with a well-developed understory. 

Flow measurements were recorded at this site for comparative purposes. At the time of sampling, 

the flow discharge rate was 0.083 m3/s. 

Distance across stream (m) 0.15 0.35 0.65 0.85 

Depth (m) 0.15 0.15 0.15 0.15 

Flow rate (m/s) 0.65 0.65 0.65 0.65 

Water quality analysis was conducted at this site, with in-situ readings taken and samples collected 

for laboratory analysis of physical parameters and stable isotopes. 

 

Family Scientific Name Common Name Association with water 

Calophyllaceae Calophyllum bicolor* Springwood* Associated with permanent springs 

Dilleniaceae Dillenia alata Red Beech Associated with wet conditions 

Cyperaceae Cyperaceae spp. Sedge Associated with wetlands 

 Unidentified Ferns Often associated with moist marginal 
habitats 

Melastomataceae Melastoma 
malabathricum 

Native 
Lasiandra 

Associated with open, wet conditions 

Asparagaceae Lomandra banksii Clumping mat-
rush 

Found in woodlands, heath, rainforest 
margins 

Nepenthaceae Nepenthes spp. Pitcher plants Likes high humidity and precipitation 

Lycopodiaceae Lycopodiella cernua* Staghorn 
clubmoss* 

Associated with bog environments 

Rubiaceae Hedyotis philippensis* Unknown* Found in moist areas and along streams 
in various types of forest 
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Pentaphylacaceae Ternstroemia cherry* Cherry Beech* Occurs as an understory tree in rain forest 

Rubiaceae Hydnophytum 
moseleyanum subsp. 
Moseleyanum* 

Smooth Ant 
Plant* 

Unknown 

Rubiaceae Atractocarpus sessilis Gardenias* Tolerant of drier periods 

 

 

 

 

 

 

 

  



Department of Science, Information Technology, Innovation and the Arts 

112 

Site 37 Soda Springs 

  

  

The Soda Springs site is located within open woodland landscape. It is similar to mound springs 

found in Western Queensland, with wet areas located around 1.5 m above the surround 

landscape, and seeps radiating out from the wetted perimeter. A clearly visible wet area of mud, 

and shallow water (~0.10 m deep) surrounded deeper pools covered in Azolla and algae. The soil 

type is generally clay/loamy dominated. Significant impacts from cattle were evident. There is no 

distinct outflow from this spring, despite minor flows being observed between pools. 

Water quality analysis was conducted at this site, with in-situ readings taken and samples collected 

for laboratory analysis of physical parameters and stable isotopes. 

Flow measurements were not recorded for this site. 

 

Family Scientific Name Common Name Association with water 

Myrtaceae Melaleuca spp. Paperbark Associated with wet conditions 

Apocynaceae Alstonia 
actinophylla 

Cape Milkwood Usually found in open, monsoon or rain forests 

Cyperaceae Cyperaceae spp. Sedge Associated with wetlands 

 Unidentified Ferns Often associated with moist marginal habitats 

Vitaceae Cissus hastate* Native grape* Grows in upland and lowland rain forest 

Rubiaceae Morinda citrifolia* Cheese fruit* Occurs near streams 

Lecythidaceae Planchonia 
careya* 

Cocky apple* Occurs mainly in open forest 

Moraceae Ficus oblique* Small-leaved fig* Occurs mainly in rain forest 
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Meliaceae Vavaea 
amicorum* 

Vavaea* Occurs in rain, monsoon and beach forest 

Anacardiaceae Buchanania 
arborescens* 

Jam Jam * Occurs in rain forests along water courses 

Rhizophoraceae Carallia 
brachiata* 

Cork wood* Associated with coastal watercourses 

Rubiaceae Nauclea orientalis Leichhardt tree* Occurs in rain forests, along stream and in 
swampy situations 

Thelypteridaceae Amphineuron 
terminans* 

Ferns* Unknown 

 

 

 

 

 

  



Department of Science, Information Technology, Innovation and the Arts 

114 

Site 38 Remote sensing polygon 135 @ Discharge point 

  

The Remote sensing polygon 135 @ Discharge point site is the beginning of a clear water stream 

in sandy /loamy peat substrate, within open Eucalypt woodland. There is a distinct riparian zone of 

dense upper canopy trees and well-developed understory. 

Water quality analysis was conducted at this site, with in-situ readings taken and samples collected 

for laboratory analysis of physical parameters and stable isotopes. 

Flow measurements were not recorded for this site. 

 

Family Scientific Name Common 
Name 

Association with water 

Calophyllaceae Calophyllum bicolor Springwood Associated with permanent springs 

Dilleniaceae Dillenia alata Red Beech Associated with wet conditions 

Apocynaceae Alstonia actinophylla Cape Milkwood Usually found in open, monsoon or rain 
forests 

 Unidentified Ferns Often associated with moist marginal 
habitats 

Melastomataceae Melastoma 
malabathricum 

Native 
Lasiandra 

Associated with open, wet conditions 

Arecaceae Licualia sp. Fan Palm Found in tropical rainforests  

Myrtaceae Melaleuca spp. Paperbark Associated with wet conditions 
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Site 39 Spring Creek @ Mungun Kandju 

  

The Spring Creek @ Mungun Kandju site is a dry sandy creek bed through open Eucalypt 

woodland. A narrow riparian zone of large, mature Melaleuca trees was present. There was no 

surface water present at this site. 

 

Family Scientific Name Common Name Association with water 

Myrtaceae Melaleuca spp. Paperbark Associated with wet conditions 

Dilleniaceae Dillenia alata Red Beech Associated with wet conditions 

Asparagaceae Lomandra banksii Clumping mat-rush Found in woodlands, heath, rainforest margins 

Pandanaceae Pandanus spp. Pandan Unknown 
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Site 40 Vegetation patch @ Batavia Downs Road 

  

The Vegetation patch @ Batavia Downs Road site is a dense, dry vine forest located on top of a 

lateritic ridge within open woodland. The vegetation had an intact canopy (~ 15m high) and an 

open vine dominated understory. There was no surface water present at this site. 

There were no vegetation observations made for this site location. 

 

Site 41 Vegetation patch @ Captain Billy’s Landing Road 

The Vegetation patch @ Captain Billy’s Landing Road site is a dense, closed rainforest habitat 

dominated by Melaleuca’s on sandy soil. There was no surface water present at this site. 

 

Family Scientific Name Common Name Association with water 

Myrtaceae Melaleuca spp. Paperbark Associated with wet conditions 

Dilleniaceae Dillenia alata Red Beech Associated with wet conditions 
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Site 42 Watercourse Spring @ Grader pump site 

   

 

The Watercourse Spring @ Grader pump site sampling location is at the discharge point of a small 

clear water stream within open woodland. There is a distinct riparian zone of closed canopy forest 

and a well-developed understory.  

Water quality analysis was conducted at this site, with in-situ readings taken and samples collected 

for laboratory analysis of physical parameters and stable isotopes. 

Flow measurements were not recorded for this site. 

 

Family Scientific Name Common 
Name 

Association with water 

Dilleniaceae Dillenia alata Red Beech Associated with wet conditions 

Apocynaceae Alstonia actinophylla Cape Milkwood Usually found in open, monsoon or rain 
forests 

 Unidentified Ferns Often associated with moist marginal 
habitats 

Melastomataceae Melastoma 
malabathricum 

Native 
Lasiandra 

Associated with open, wet conditions 

Arecaceae Licualia sp. Fan Palm Found in tropical rainforests  

Myrtaceae Melaleuca spp. Paperbark Associated with wet conditions 
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Site 43 Watercourse Spring 07 @ Kennedy’s Lost Camp 

  

The Watercourse Spring 07 @ Kennedy’s Lost Camp site is a wet heathland patch located within a 

large expanse of dry heathland habitat. There was no surface water present at the time of 

sampling, but the peaty substrate was damp along the drainage line. There is a distinct riparian 

zone of Melaleuca and Pandanus.  

There were no water quality observations made, or samples collected for this site location. 

Flow measurements were not recorded for this site. 

 

Family Scientific Name Common Name Association with water 

Asparagaceae Lomandra banksii Clumping mat-
rush 

Found in woodlands, heath, rainforest 
margins 

Melastomataceae Melastoma 
malabathricum 

Native Lasiandra Associated with open, wet conditions 

Nepenthaceae Nepenthes spp. Pitcher plants Likes high humidity and precipitation 

Pandanaceae Pandanus spp. Pandan Unknown 

Dilleniaceae Dillenia alata Red Beech Associated with wet conditions 

Myrtaceae Melaleuca spp. Paperbark Associated with wet conditions 

Lycopodiaceae Lycopodiella cernua Staghorn 
clubmoss 

Associated with bog environments 
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Site 44 Watercourse Spring 21 @ Vegetation patch 

 

The Watercourse spring 21 @ Vegetation patch site is a closed vine forest patch within open 

woodland. The patch is located on sand/loamy soils with lateritic rocks present. There was no 

surface water present at this site. 

 

Family Scientific Name Common Name Association with water 

Dilleniaceae Dillenia alata Red Beech Associated with wet conditions 

 Unidentified Ferns Often associated with moist marginal habitats 

Myrtaceae Melaleuca spp. Paperbark Associated with wet conditions 

 

Site 45 Watercourse spring 25 @ Palm Creek 

   

The Watercourse spring 25 @ Palm Creek site was a damp drainage line with small isolated 

lateritic rock pools at the time of sampling. A narrow riparian zone was evident within the 

surrounding open woodland habitat. 

There were no water quality observations made, or samples collected for this site location. 

Flow measurements were not recorded for this site. 

 

Family Scientific Name Common Name Association with water 

Myrtaceae Melaleuca spp. Paperbark Associated with wet conditions 
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Site 46 Wenlock River @ Moreton Telegraph Station  

The Wenlock River @ Moreton Telegraph Station site is a wide, shallow, sandy river bed with a 

well-established riparian zone of mature Eucalypts and Melaleuca trees. The sampling site is a 

popular rest stop/swimming hole for tourists. 

In-situ water quality measurements were recorded for this site. No water samples were collected.  

Flow measurements were not recorded for this site. 

There were no photos or vegetation observations made for this site location. 

 

Site 47 Wenlock River @ Portland’s Road Road 

  

The Wenlock River @ Portland’s Road road site is a wide, shallow, sandy river bed with a well-

established riparian zone of mature Eucalypts and Melaleuca trees.  

In-situ water quality measurements were recorded for this site. No water samples were collected. 

Flow measurements were not recorded for this site. 

 

Family Scientific Name Common Name Association with water 

Myrtaceae Melaleuca spp. Paperbark Associated with wet conditions 
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Site 48 Wenlock River @ Stone crossing 

  

The Wenlock River @ Stone crossing site is a wide and deep river with considerable sandy 

deposits on a lateritic base. The surrounding riparian zone is well-established, with mature 

Eucalypts and Melaleuca trees.  

In-situ water quality measurements were recorded for this site. No water samples were collected.  

Flow measurements were not recorded for this site. 

 

Family Scientific Name Common Name Association with water 

Myrtaceae Melaleuca spp. Paperbark Associated with wet conditions 
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Site 49 Wenlock River upstream of Heineman Spring confluence 

  

The Wenlock River upstream of Heineman Spring confluence site is located upstream of the 

junction of a small sandy rainforest stream flowing from close to Heineman Lagoon into the main 

channel of the Wenlock River. The small stream was approximately 5 m wide and flowed with clear 

water through established rainforest vegetation with a dense canopy and minimal understory. 

Numerous large (> 0.30 m) Barramundi, Sooty Grunter and Saratoga were observed in the small 

stream. The main branch of the Wenlock River is a wide, shallow, sandy river bed with a well-

established riparian zone of mature Eucalypts and Melaleuca trees. 

Water quality analysis was conducted at this site, with in-situ readings taken and samples collected 

for laboratory analysis of physical parameters and stable isotopes. 

Flow measurements were not recorded for this site. 

  

Family Scientific Name Common Name Association with water 

Myrtaceae Melaleuca spp. Paperbark Associated with wet conditions 
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Site 50 Qld Mapped Spring 01 @ Mango tree 

  

The Qld Mapped Spring 01 @ Mango tree site is a sandy drainage line incised into open 

woodland. A distinct riparian zone was present, consisting of mature Melaleuca’s and domestic 

mango trees. Surface water was present at this site, but disappeared into the substrate, then re-

appeared further downstream numerous times. Evidence of feral pig and cattle impacts was 

present at this site. 

Water quality analysis was conducted at this site, with in-situ readings taken and samples collected 

for laboratory analysis of physical parameters and stable isotopes. 

Flow measurements were not recorded for this site. 

 

Family Scientific Name Common Name Association with water 

Myrtaceae Melaleuca spp. Paperbark Associated with wet conditions 

Anacardiaceae Mangifera indica Mango Unknown 
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Site 51 Qld Mapped Spring 03 @ Rokeby Road 

  

The Qld Mapped Spring 03 @ Rokeby Road site was a damp drainage line approximately 4 m 

wide with small isolated lateritic rock pools at the time of sampling. A narrow riparian zone was 

evident within the surrounding open woodland habitat.  

Water quality analysis was conducted at this site, with in-situ readings taken and samples collected 

for laboratory analysis of physical parameters and stable isotopes. 

Flow measurements were not recorded for this site. 

 

Family Scientific Name Common Name Association with water 

Arecaceae Licualia sp. Fan Palm Found in tropical rainforests  

Melastomataceae Melastoma malabathricum Native Lasiandra Associated with open, wet conditions 

Dilleniaceae Dillenia alata Red Beech Associated with wet conditions 
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Site 52 Qld Mapped Spring 06 @ Peninsula Development Road 

  

The Qld Mapped Spring 06 @ Peninsula Development Road is located at the spring discharge 

point within open woodland. The terrain is sloped, and below the discharge point has eroded into a 

clear drainage line. There was minimal flow at the time of sampling; however surface water was 

clearly present. The quantity of water present in the substrate was sufficient for cattle to become 

trapped in the mud. 

Water quality analysis was conducted at this site, with in-situ readings taken and samples collected 

for laboratory analysis of physical parameters and stable isotopes. 

Flow measurements were not recorded for this site. There were no vegetation observations made 

for this site location. 
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Site 53 Qld Mapped Spring 12 @ Drainage line 

   

The Qld Mapped Spring 12 @ Drainage line site is a small stream with a well-developed, closed 

canopy riparian zone located within open woodland. The stream was reduced to shallow pools with 

minimal flow at the time of sampling. Evidence of feral pig impacts was present at this site. 

Water quality analysis was conducted at this site, with in-situ readings taken and samples collected 

for laboratory analysis of physical parameters and stable isotopes. 

Flow measurements were not recorded for this site. 

 

Family Scientific Name Common Name Association with water 

Calophyllaceae Calophyllum bicolor Springwood Associated with permanent springs 

Dilleniaceae Dillenia alata Red Beech Associated with wet conditions 

Pandanaceae Pandanus spp. Pandan Unknown 

 Unidentified Ferns Often associated with moist marginal habitats 
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Site 54 Qld Mapped Spring 19 @ Old Telegraph track 

  

The Qld Mapped Spring 19 @ Old Telegraph track site is a clear water stream with a distinct 

riparian zone flowing through open woodland. The stream flows through peaty substrate, while the 

surrounding substrate is mixture of sand and lateritic gravel. 

Water quality analysis was conducted at this site, with in-situ readings taken and samples collected 

for laboratory analysis of physical parameters and stable isotopes. 

Flow measurements were not recorded for this site. 

 

Family Scientific Name Common Name Association with water 

Asparagaceae Lomandra banksii Clumping mat-

rush 

Found in woodlands, heath, rainforest 

margins 

Melastomataceae Melastoma 

malabathricum 

Native Lasiandra Associated with open, wet conditions 

 Unidentified Ferns Often associated with moist marginal 

habitats 

Pandanaceae Pandanus spp. Pandan Unknown 

Dilleniaceae Dillenia alata Red Beech Associated with wet conditions 

Arecaceae Licualia sp. Fan Palm Found in tropical rainforests  

Lycopodiaceae Lycopodiella cernua Staghorn 

clubmoss 

Associated with bog environments 

Apocynaceae Alstonia actinophylla Cape Milkwood Usually found in open, monsoon or rain 

forests 

Calophyllaceae Calophyllum bicolor Springwood Associated with permanent springs 
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Site 55 Qld Mapped Wetland 12 @ Melaleuca swamp 

  

The Qld Mapped Wetland 12 @ Melaleuca swamp site is a palustrine wetland dominated by 

Melaleuca saplings that was dry at the time of sampling. The substrate appeared to be clay 

dominated and covered in a layer of desiccated algae. The surrounding landscape is open 

woodland. There was no surface water present at this site. 

 

Family Scientific Name Common Name Association with water 

Myrtaceae Melaleuca spp. Paperbark Associated with wet conditions 

Terrestrial vegetation observations from field sites 

Several plant species were found to occur at many of the spring and baseflow stream sites visited. 

These included typical widespread wetland and riparian species such as Melaleuca spp. Pandanus 

spp. and Lomandra spp. The four species described in greater detail below (Dillenia alata, 

Calophyllum bicolor, Melastoma malabathricum and Nepenthes mirabilis) were found to occur at 

the majority of sites with surface water present and few to none of the dry sites. Because the 

weather had been very dry for a long period at the time of sampling and our subsequent 

assumption that any surface water at the time was sourced from groundwater, these species 

represent good indicators of GDEs with permanent access to water on Cape York Peninsula. Other 

plant species such as corkwood (Melicope elleryana), the climbing swamp fern (Stenochlaena 

palustris) and the club moss (Lycopodiella cernua) were also found only at sites with surface water 

available but were not widespread. These also represent indicators of GDEs with permanent 

access to water but their limited distributions make them less broadly useful.  

Dillenia alata (red beech) 

Commonly known as red beech or golden guinea tree this species is a member of the Dilleniaceae. 

It is a small to medium spreading tree (6 to 10 m high) with unusual flaky, plum-red bark, which 

supports a dense spreading crown of thick glossy leaves. The large bright yellow flowers (6–9 cm 

in diameter) last for one day, and are replaced daily over many months in late spring and summer. 

The flowers are followed by red, segmented fruits with black seeds. Dillenia alata grows only where 

it has access to water and for example is abundant in many swampy depressions around Cairns. It 

is the only native species of Dillenia in Australia and occurs in coastal rainforest from Ingham to 

Cape York Peninsula, in the Northern Territory and from New Guinea to Malaysia. It is not 

considered to be at risk in the wild. 
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Figure 20 Dillenia alata (red beech) was present at almost every site with surface water present, 
making it a good indicator of GDEs with permanent access to water. Its distinctive red bark and 
broad leaves make it easily recognised. 

Calophyllum bicolor (springwood) 

Commonly known as Springwood, is a member of the Calophyllaceae family. It is a perennial shrub 

to small tree up to 50 cm in stem diameter. It can be identified by its hairy young stems, yellow 

bark and narrowing leaves. It occurs in spring-fed areas that form a distinct habitat with evergreen 

rainforest gullies and permanently wet soils (EHP 2013b). In Australia it is only found on Cape York 

Peninsula where prior to this survey it was known from just seventeen locations. It is endemic to 

permanent groundwater seepage areas (EHP 2013b, Fensham et al. 2007). It also occurs in 

Indonesia and New Guinea. Calophyllum bicolor is listed as Vulnerable in Queensland (Nature 

Conservation Act 1992) and nationally (Environment Protection and Biodiversity Conservation Act 

1999).  
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Figure 21 Calophyllum bicolor showing (left) its distinctive yellow bark and (right) lancelate leaves 
with characteristic fine, parallel veination, was another species indicative of GDEs with permanent 
access to water. 

Melastoma malabathricum (native lasiandra) 

Commonly known as native lasiandra, rhododendron or blue tongue, Melastoma malabathricum is 

a member of the family Melastomataceae and has mauve-purple flowers, about 5 cm in diameter, 

with prominent yellow anthers. Leaves are simple and narrow with 3 prominent veins and are 

velvety and rough in texture. Flowering November to January it has edible fruits that are purple to 

red with semi-succulent fruit capsule/ berries. It is a small to medium shrub 0.5–3 m high which 

coccurs from Cape York Peninsula, north east Queensland, Western Australia, Northern Territory 

to north eastern New South Wales. It also occurs in Asia and Malesia. The species grows on the 

edge of streams, swamps or on waterlogged areas, usually in moist soils as an understory plant. 
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Figure 22 Melastoma malabathricum has very distinctive hairy leaves and purple flowers. It was 
found at most sites with surface water present. 

Nepenthes mirabilis (pitcher plant) 

Nepenthes mirabilis is a member of the Nepenthaceae, commonly known as pitcher plants. It is 

widespread on Cape York Peninsula north from Cairns and across most major islands of the South 

East Asian archipelago to southern China (McPherson 2014). The stem of this scrambling vine is 

mostly no larger than 2 cm in diameter and slender, but it expands into both upper and larger lower 

traps or pitchers, up to 24 cm long and 6 cm in diameter, which trap insects and digest them to 

provide the plants with nitrogen. Nepenthes sp. usually grows in swampy open forest or heath and 

is often found on the margins between swamp forest and rainforest in sandy but quite moist soils 

(McPherson 2014). On Cape York Peninsula almost all populations of N. mirabilis grow along the 

banks of perennial streams and rivers. Local aboriginal groups in Queensland call the pitchers of 

this plant “honey jars” or “native jars”, and they use the traps to transport wild honey or water. Two 

other rarer species of Nepenthes (N. rowaniae and N. tenax) are endemic to swamps in northern 

Cape York Peninsula (Wilson 2011) but these were not observed at the sites sampled for this 

project. The Nepenthes of Australia remain little studied and poorly known. 
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Figure 23 The carnivorous pitcher-plant Nepenthes mirabilis was a conspicuous element of the 
vegetation of many springs and baseflow streams GDEs 
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Water chemistry  

Table 16 Results of water quality analyses for sites sampled 
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Qld Mapped Spring 03 @ Rokeby Rd Archer 103 68 25 10 2.3 0.3 0 2.1 16 3 30 2.4
8 

13.
5 

0.1
6 

0.0
5 

Qld Mapped Spring 06 @ Peninsula 
Development Rd 

Archer 108 76 31 7 3.3 0.5 1.1 1 20 0 38 1.9
5 

12.
6 

0.0
9 

0 

Bertie Creek @ Ranger pump station Ducie 31 17 3 3 1.2 0 0 0.6 5 0 4 0 5.5
7 

0.0
6 

0 

Cholmondoley Creek @ Telegraph Road Ducie 26 15 3 3 1 0 0 0.6 4 0 4 0 4.2
4 

0 0 

Cockatoo Creek @ Heathlands Airstrip Ducie 23 13 0 2 0.9 0 0 0.6 3 0 4 0 3.0
8 

0 0 

Crystal Creek @ Bypass Road Ducie 24 13 0 2 1.1 0 0 0 3 0 3 0 3.9
6 

0 0 

Everlasting Spring @ Heathlands Ranger 
Station 

Ducie 24 14 3 2 1 0 0 0.5 4 0 4 0 3.4
8 

0 0 

Remote Sensing polygon 135 @ Discharge 
point 

Embley 36 19 4 2 1.4 0 0 0.5 5 0 5 0 5.9
1 

0 0 

Water Course Spring @ Grader pump site Embley 30 16 5 2 1.4 0 0 0 4 0 6 0 3.8
3 

0 0 

Soda Springs Holroyd 211 161 75 24 3.2 1 2.1 4.5 36 7 92 3.1 16.
5 

0.2
7 

0.0
6 

Qld Mapped Spring 01 @ Mango tree Holroyd 605 407 129 61 6.1 1.4 8.3 9.7 110 7 158 1 112 0.3
2 

0.2
5 
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Captain Billy Spring Jacky 
Jacky 

71 31 0 6 1.8 0 0 1.3 10 0 0 2.2
2 

15.
7 

0.0
7 

0 

Hydrology Palustrine wetland 09 Jacky 
Jacky 

48 27 6 4 1.6 0 0 0.9 8 0 7 0 9.4
5 

0 0 

Qld Mapped Spring 12 @ Drainage line Jacky 
Jacky 

52 28 5 5 1.5 0 0 1.2 8 0 6 0 10.
8 

0.0
7 

0 

Eliot Ck @ Telegraph Road Jardine 25 14 0 3 0.9 0 0 0.6 4 0 4 0 4.2
3 

0 0 

Saucepan Spring @ Eliot Creek Jardine 28 11 0 2 1.1 0 0 0.5 4 0 0 0 4.8
5 

0 0 

Qld Mapped Spring 19 @ Old Telegraph 
track 

Jardine 27 14 0 2 0.9 0 0 0.5 3 0 3 0 5.4
6 

0.0
6 

0 

Garraway Ck @ Portland's Road Olive-
Pascoe 

171 111 30 19 3 0.2 3 2.8 30 3 37 2.1
4 

32.
7 

0.2
6 

0.0
7 

Maloney Springs Olive-
Pascoe 

56 27 0 4 2 0 0 0.9 9 0 0 1.2 13.
5 

0 0.0
6 

Opportunistic Spring 03 @ Pascoe Crossing 
Road 

Olive-
Pascoe 

51 28 6 1 2.7 0.1 0 0 8 0 8 1.2
4 

9.0
4 

0.1 0 

Opportunistic Spring 01 @ Frenchmans Road Wenlock 61 33 6 6 1.6 0 0 1.4 9 0 7 0 13.
7 

0.0
6 

0 

Opportunistic Spring 02 @ Frenchmans Road Wenlock 65 36 7 7 1.5 0 0 1.5 9 0 8 0 14.
8 

0 0 

Heineman Lagoon Wenlock 48 27 9 4 1.3 0 0 0.8 6 0 11 0 7.5
1 

0.0
7 

0 

Heineman Spring Wenlock 50 27 5 5 1.4 0 0 1 7 0 6 0 11 0 0 

Wenlock River U/S of Heineman Spring 
confluence 

Wenlock 85 51 13 10 1.8 0 1.2 1.6 13 0 15 1.0
1 

17.
1 

0.0
8 

0 

Groundwater test bore 92600003 Ducie 125
0 

804 171 169 6.9 < 
0.1 

42 15.
6 

207 5 208 53.
5 

272 0.1
8 

0.6
7 
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Table 17 Isotopic Water Quality results 

Site Name Catchment Isotopic Delta  

18
O / 

16
O (‰) 

Isotopic Delta  

D/H (‰) 

Std Dev  

18
O / 

16
O (‰) 

Std Dev  

D/H (‰) 

Qld Mapped Spring 03 @ Rokeby Rd Archer -3.8 -30.8 0.1 0.5 

Qld Mapped Spring 06 @ Peninsula Development Rd Archer -4.4 -31.7 0.1 1.2 

Bertie Creek @ Ranger pump station Ducie -6.2 -39.3 0.1 0.4 

Cholmondoley Creek @ Telegraph Road Ducie -6.4 -36.9 0.1 1 

Cockatoo Creek @ Heathlands Airstrip Ducie -6.1 -39.1 0.2 1 

Crystal Creek @ Bypass Road Ducie -6.4 -36.1 0.1 0.8 

Everlasting Spring @ Heathlands Ranger Station Ducie -6.4 -41.1 0.1 0.2 

Remote Sensing polygon 135 @ Discharge point Embley -6.6 -37.1 0.1 0.4 

Water Course Spring @ Grader pump site Embley -6.6 -37.5 0.1 0.6 

Soda Springs Holroyd -6.1 -43 0.1 0.5 

Qld Mapped Spring 01 @ Mango tree Holroyd -6.1 -41.1 0.2 1.6 

Captain Billy Spring Jacky Jacky -6.8 -43.6 0.1 1 

Hydrology Palustrine wetland 09 Jacky Jacky -5.4 -35.6 0.1 0.5 

Qld Mapped Spring 12 @ Drainage line Jacky Jacky -5.7 -38.1 0.1 0.7 

Eliot Ck @ Telegraph Road Jardine -6.6 -41.2 0.1 0.4 

Saucepan Spring @ Eliot Creek Jardine -6.8 -38.4 0.1 0.5 

Qld Mapped Spring 19 @ Old Telegraph track Jardine -7 -39.8 0.1 0.7 

Garraway Ck @ Portland's Road Olive-Pascoe -4.1 -26.2 0.1 1.1 

Maloney Springs Olive-Pascoe -6.3 -40.5 0.1 0.4 

Opportunistic Spring 03 @ Pascoe Crossing Road Olive-Pascoe -5.3 -35.5 0.1 0.7 

Pascoe River @ Fall Ck Olive-Pascoe -2 -19.3 0.1 0.4 

Opportunistic Spring 01 @ Frenchmans Road Wenlock -6.3 -35.7 0.1 0.6 

Opportunistic Spring 02 @ Frenchmans Road Wenlock -5.2 -35 0.1 0.5 

Heineman Lagoon Wenlock -2 -20.2 0.1 0.4 

Heineman Spring Wenlock -6.1 -34.5 0.1 0.7 

Wenlock River U/S of Heineman Spring confluence Wenlock -5.3 -31.2 0.1 1.2 
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Table 18 Ionic equivalent fraction data used to construct Piper Diagrams 

Sites Mg 

equivalent 

fraction 

Na+K 

equivalent 

fraction 

Ca 

equivalent 

fraction 

SO4 

equivalent 

fraction 

HCO3+CO3 

equivalent 

fraction 

Cl 

equivalent 

fraction 

pH EC 

µS/cm 

Captain Billy Spring @ Source of Spring 0.20 0.80 0.00 0.09 0.00 0.91 4.5 65 

Saucepan Spring @ Eliot Creek 0.19 0.81 0.00 0.00 0.00 1.00 5.32 23 

Qld Mapped Spring 19 @ Old Telegraph 

track 

0.24 0.76 0.00 0.00 0.00 1.00 5.02 25 

Hydrology Palustrine wetland 09 0.18 0.82 0.00 0.00 0.31 0.69 4.96 39 

Bertie Creek @ Ranger pump station 0.19 0.81 0.00 0.00 0.28 0.72 6.11 29 

Qld Mapped Spring 01 @ Mango tree 0.13 0.80 0.07 0.00 0.45 0.55 5.75 390 

Soda Springs 0.17 0.79 0.05 0.03 0.74 0.23 5.36 213 

Garraway Creek @ Portland's Road 0.13 0.78 0.08 0.03 0.38 0.59 6.64 182 

Water Course Spring @ Grader pump site 0.00 1.00 0.00 0.00 0.48 0.52 4.58 28 

Heineman Spring 0.21 0.79 0.00 0.00 0.24 0.76 6.05 42 

Opportunistic Spring 03 @ Pascoe 

Crossing Road 

0.00 1.00 0.00 0.06 0.30 0.64 4.7 48 

Remote Sensing polygon 135 @ Discharge 

point 

0.16 0.84 0.00 0.00 0.32 0.68 4.39 38 
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Qld Mapped Spring 03 @ Rokeby Rd 0.18 0.82 0.00 0.06 0.54 0.41 6.02 100 

Qld Mapped Spring 06 @ Peninsula 

Development Rd 

0.08 0.86 0.05 0.04 0.61 0.35 4.89 107 

Opportunistic Spring 01 @ Frenchmans 

Road 

0.23 0.77 0.00 0.00 0.24 0.76 5.38 57 

Heineman Lagoon 0.20 0.80 0.00 0.00 0.46 0.54 5.38 32 

Wenlock River U/S of Heineman Spring 

confluence 

0.17 0.75 0.08 0.03 0.34 0.63 6.18 79 

Opportunistic Spring 02 @ Frenchmans 

Road 

0.24 0.76 0.00 0.00 0.25 0.75 5.23 58 

Maloney Springs 0.16 0.84 0.00 0.06 0.00 0.94 5.06 54 

Qld Mapped Spring 12 @ Drainage line 0.22 0.78 0.00 0.00 0.25 0.75 5.02 49 

Everlasting Spring @ Heathlands Ranger 

Station 

0.19 0.81 0.00 0.00 0.38 0.62 5.53 18 

Cockatoo Creek @ Heathlands Airstrip 0.27 0.73 0.00 0.00 0.00 1.00 5.54 19 

Eliot Creek @ Telegraph Road 0.22 0.78 0.00 0.00 0.00 1.00 5.72 29 

Cholmondoley Creek @ Telegraph Road 0.22 0.78 0.00 0.00 0.33 0.67 5.54 24 

Crystal Creek @ Bypass Road 0.00 1.00 0.00 0.00 0.00 1.00 5.98 18 

Groundwater test bore 92600003 0.10 0.73 0.17 0.09 0.28 0.63 7.6 1250 
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Field validation to support groundwater conceptualisation  

Water temperature 

The water temperature of the spring and baseflow streams sampled in the field ranged from   

25.0oC to 29.8oC (Table16) but there were no existing records available of water temperature in 

potential source aquifers with which to compare these values. 

Ionic composition 

The majority of field sites sampled had cation balances that were sodium and potassium 

dominated (Figure 24, Table18), having close to 80 per cent Na+ + K+ cations. Variation occurred in 

anion dominance, the most noteworthy being three sites (Soda Springs, Qld Mapped Spring 03 @ 

Rokeby Rd, and Qld Mapped Spring 06 @ Peninsula Development Rd) with carbonate and 

bicarbonate constituting greater than 50 per cent. These sites are located at the southern extent of 

the study area (Figure 25). 

 

Figure 24 Piper diagram displaying the ionic distribution of water quality samples collected at GDE 
field sites during the current investigation, along with reference data from a “standard” seawater 
sample, and a sample collected from bore RN92600003 drilled during the current investigation. 
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Figure 25 Spatial distribution of variability in the proportion of carbonate and bicarbonate 
concentration to total anion composition at field sites 
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Data from existing water samples from bores indicates that potential source aquifers on Cape York 

Peninsula had a broader, but generally overlapping ionic composition to GDEs in the region 

(Figure 26). 

 

Figure 26 Ionic composition of existing Queensland government agency water samples from bores 
across Cape York Peninsula. Red points are samples from GAB aquifers, blue from non-GAB tertiary 
aquifers and green represent samples from mixed aquifer sources. 

Similarity in the ionic composition of water was identified between the surface sample collected 

from the Soda Springs GDE and existing water samples from two bores (RN92476 and 

RN92500003) (Figure 16). Stratigraphy details from bore card records indicate both these bores 

tap the aquifer of the Gilbert River Formation sediments, which is a component of the GAB.  

Additional over-laps in ionic ratios were observed in the highly sodium and potassium dominant 

samples from two GDEs (Water Course Spring @ Grader Pump Site, Opportunistic Spring 03 @ 

Pascoe Crossing Rd) and bore RN72262 (Figure 27). Bore card stratigraphy details indicate that 

bore RN72262 receives water from three separate GAB and non-GAB groundwater systems – 

Gilbert River Formation, Rolling Downs Group, and the Garraway Sandstone, therefore represents 

a mixture of source aquifers 
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Figure 27 Piper diagram displaying the overlap in the ionic composition of water from Soda spring 
and two bores (RN92476 and RN92500003). 
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Figure 28 Piper diagram displaying the over-lap in the ionic composition of water from two GDEs 
(Water Course Spring @ Grader Pump Site, Opportunistic Spring 03 @ Pascoe Crossing Rd), and 
bore RN72262. 

Despite these similarities in the ionic composition of water from some GDEs and some potential 

source aquifers, all GDE sites had low to very low electrical conductivity (Table 16) whereas all 

aquifer samples had much higher values (Figure 29). 
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Figure 29 Box and whisker plot indicating that the electrical conductivity of GDEs was much lower 
than that of most samples from potential source aquifers. 

Similarities in piper diagram displays between field sites and bore data provide one line of 

evidence to assist aquifer source identification. However, the much lower values of electrical 

conductivity in GDE water than in potential source aquifers (Figure 29) indicates that any water 

contributed to the GDEs from the suite of aquifers represented by these existing samples must by 

substantially diluted from other sources, be that from shallow perched aquifers or rainfall. In the 

absence of targeted investigation and data collection into specific water sources, further 

confirmation or lines of evidence is required to justify attributing a source aquifer to GDEs. 

Stable Isotopes 

The stable isotope results (δ18O and δD) for surface water collected from all GDE field samples are 

shown in Table 18 and Figure 30 including one groundwater bore sample, and local meteoric water 

lines (MWL) from Crosbie et al. (2012).  

The majority of GDE samples plot close to the meteoric water lines, typically between δD values 

of  ̶ 30‰ and   ̶44‰. However, a few samples (δD >  ̶30‰) deviate away from the meteoric water 

line at a shallower gradient. This typically represents an evaporation trend, indicating that water 

from the sources was evaporated prior to sampling, either at the recharge source or at the 

sampling location. One sample from a recently drilled groundwater bore also coincides with the 

MWL, but is more depleted than spring samples (δD =  ̶ 46.7‰). 

An apparent separation of two sample groups (Figure 20) shows two separate linear (and 

approximately parallel) trends. There is no spatial relationship between these two groups, however 

it is noted that some of these samples tend to be located west of the other samples. This may infer 

some correlation with a more westerly stratigraphic layer. These samples are slightly enriched in 
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δD compared to other samples. This may indicate some chemical interaction with sediments with 

higher hydrocarbon content (organic layers), but there is insufficient data to draw such a 

conclusion and the result may also be purely coincidental. Some samples from one of these 

‘groups’ are geographically located very close to samples from the other group, indicating that 

there may not be sufficient justification to distinguish between the two groups. 

 

Figure 30 Stable isotope graph of δ
18

O and δD for selected GDE surface water samples in the Cape 
York area. Samples are compared to meteoric water lines and one groundwater sample. 
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Figure 31 Two apparently separate groups of data are observed close to the meteoric water line 
indicated by the two shaded ovals. 

The stable isotope results for spring and baseflow stream GDEs in the Cape York upland areas 

could be explained by two potential scenarios. Firstly, they could be recharge springs. These are 

springs that are located close to the recharge source of the deeper aquifers and occur due to local 

stratigraphic anomalies (e.g. impermeable layers) that cause sporadic rejection of recharge water 

to the surface. These springs would be expected to contain isotopic compositions closer to the 

composition of recharge water (rainfall and/or watercourse leakage). Secondly, they could be 

groundwater springs. These are springs that occur due to the upward leakage of deeper 

groundwater forced to the surface via natural conduits due to artesian pressure. These springs 

would be expected to contain isotopic compositions closer to the composition of groundwater at 

those locations. 

The majority of spring samples plot close to the meteoric water line with some showing evidence of 

evaporation prior to sampling, either at the spring or from a potential recharge source. By 

extrapolating back from the evaporation trend, these samples can be interpreted as having an 

original rainfall pre-evaporation composition similar to the rest of the samples. 
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There is only a single sample of GAB groundwater available which was collected from a recently 

drilled borehole (RN92600003) approximately 23 km from the nearest spring sample from a depth 

of approximately 160 m (the monitoring bore is screened from 157.5–469.5 m but airlift only 

occurred near the top of this section). Given this, aquifer source for this sample is uncertain. 

However if this sample is assumed to represent deep GAB groundwater, the majority of spring 

samples do not show any definitive relationship with the deeper GAB groundwater (from isotope 

evidence alone). The only exceptions are samples from “Soda Springs” and “QMS 01 Spring @ 

Mango Tree” that may represent evaporated equivalents of deeper groundwater. Notably, both of 

these are the southernmost springs sampled. 

These two samples have EC concentrations notably higher than all other spring samples and 

tending towards the field-recorded EC of 1240 µS/cm recorded in groundwater bore RN 92600003, 

supporting suggestion that they may be influenced by deeper-seated groundwater sources. 

Benthic diatoms 

All samples analysed had an abundance and variety of diatoms present with the exception of the 

sample from Maloney Springs which had only six individual diatom frustules (cells) and was 

subsequently excluded from the ordination analysis. Species diversity varied between samples, 

with the most diverse being Garraway Creek at Portland Road (37 species) and Heineman Spring 

and Wenlock Road upstream Heineman Spring which both recorded 34 species. The least diverse 

sites were Captain Billy Spring and WMS19 in which 8 and 9 species, respectively, were 

encountered (Table 19). Diatom assemblages varied between sites and this was well represented 

by the MDS ordination in two dimensions (stress 0.13).  

A total of 112 species were identified from the samples, with 47 of these considered ‘key’ taxa (i.e. 

have attained a maximum abundance of > 5 per cent of any one sample). The species 

assemblages are dominated by species from the genera Eunotia, Frustulia and Brachysira; of the 

47 ‘key’ taxa, 19 (40 per cent) are from these three genera. These genera are associated with 

fresh, oligotrophic, acidic conditions. Sites such as these are not represented in published 

Australian diatom datasets, and it is, therefore, difficult to identify the tolerance and optima of these 

genera to environmental variables. However, Figure 32 illustrates the relative species abundance 

of these key genera, and total number of species identified, in sample sites ordered by conductivity 

and pH and, in terms of pH at least, the differing preferences of the genera are apparent. The 

absence of a similarly clear response along the conductivity gradient may be due to the length of 

the respective environmental gradients. That is, a pH range of 4.7–6.9 represents a far greater shift 

in water chemistry than a conductivity range of 24–221 µS/cm. 
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Figure 32 Relative diatom species abundance of key genera, and total number of species identified, 
in sample sites ordered by conductivity and pH 
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Table 19 Diatom species by site. 

Diatom species 

 

C
a

p
ta

in
 B

ill
y
 S

p
ri

n
g
 

C
ry

s
ta

l 
C

k
 @

 B
y
p

a
s
s
 R

d
 

E
lio

t 
C

k
 @

 T
e
le

g
ra

p
h
 

G
a

rr
a

w
a

v
 C

k
 @

 P
o

rt
la

n
d

 R
d
 

H
e

in
a
m

a
n

 S
p

ri
n

g
 

H
e

in
e
m

a
n

 L
a

g
o
o

n
 

H
y
d

ro
lo

g
y
 P

a
lu

s
tr

in
e

 w
e

tl
a

n
d

 0
9
 

M
a

lo
n

e
y
 S

p
ri
n

g
s
 

O
p

p
o

rt
u

n
is

ti
c
 S

p
ri

n
g
 0

1
 @

 F
re

n
c
h
m

a
n
s
 R

o
a
d
 

O
p

p
o

rt
u

n
is

ti
c
 S

p
ri

n
g
 0

2
 @

 F
re

n
c
h
m

a
n
s
 R

o
a
d
 

O
p

p
o

rt
u

n
is

ti
c
 S

p
ri

n
g
 0

3
 @

 P
a
s
c
o
e

 C
ro

s
s
in

g
 R

o
a
d
 

Q
ld

 M
a
p

p
e

d
 S

p
ri

n
g

 0
1
 @

 M
a
n
g

o
 t

re
e
 

Q
ld

 M
a
p

p
e

d
 S

p
ri

n
g

 0
3
 @

 R
o

k
e

b
y
 R

d
 

Q
ld

 M
a
p

p
e

d
 S

p
ri

n
g

 0
6
 @

 P
e

n
in

s
u

la
 D

e
v
e

lo
p

m
e
n

t 
R

d
 

Q
ld

 M
a
p

p
e

d
 S

p
ri

n
g

 1
9
 @

 O
ld

 T
e

le
g

ra
p

h
 t
ra

c
k
 

S
a

u
c
e
p

a
n

 S
p

ri
n
g

s
 @

 E
lio

t 
C

k
. 

S
o

d
a

 S
p

ri
n

g
s
 

W
a

te
r 

C
o
u

rs
e

 S
p

ri
n
g

 @
 G

ra
d
e

r 
p

u
m

p
 s

it
e
 

W
e

n
lo

c
k
 R

iv
e

r 
U

/S
 o

f 
H

e
in

e
m

a
n

 S
p

ri
n

g
 c

o
n

fl
u

e
n
c
e
 

Achnanthes aff 

suchlandtii 

- - - - - - - - - - - 30.5 - - - - - - - 

Achnanthes exigua - - - - - - - - - - - 19.8 - - - - 29.2 - - 

Achnanthidium 

minutissimum 

- - - 25.6 1.0 - - - - - - - 0.3 - - - - - 6.6 

Brachysira cf. 

archibaldii 

- - - - 5.5 3.9 23.7 - 1.6 - - - - - - - - - - 

Brachysira neoacuta - - 4.0 - - - - - 1.0 15.4 - - - - - - - - - 

Brachysira serians - 17.4 29.7 - 6.1 9.7 3.9 - 4.6 7.5 21.5 - 38.2 - 2.0 8.3 - - 9.8 
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Brachysira stryriaca - - - 0.7 4.5 15.2 - - 5.2 - - - - - - - - - 14.5 

Cymbella aspera - - - 11.8 - - - - - - - - - - - - - - - 

Encyonema gracilis - - - 1.0 11.0 17.4 - - 6.2 0.3 - - 0.7 - - - - - 5.4 

Encyonema 

silesiacum 

- - - 11.4 1.3 2.9 - - 1.6 - - - 13.3 0.3 - - - - 9.1 

Encyonopsis 

microcephala 

- 35.5 16.5 - - - 1.6 - - 3.0 - - - - - 38.2 - - 0.3 

Eolimna minima - - - - - - - - - - - - - 21.8 - - - - - 

Eunotia aff musciola - - - - - - - - 1.6 - 0.7 - - - - - - 26.5 - 

Eunotia bilunaris 4.6 0.6 11.2 0.3 8.7 - 11.5 - 1.0 0.3 0.7 - - 0.3 34.9 9.3 - 1.6 - 

Eunotia curvata - 6.5 7.6 - 1.0 - - - 2.3 - 3.3 - 0.7 - - 9.0 - 10.1 - 

Eunotia faba - 1.3 - 5.9 - - - 66.7 2.3 - 0.3 - 2.3 - - 0.7 - 5.8 2.2 

Eunotia mucophila 70.0 - 2.6 - 1.3 - - - - - - - 5.3 - - 2.0 - 9.0 - 

Eunotia pectinalis 8.9 0.6 - - 5.8 - - - 2.3 - 1.3 10.4 - - 24.8 - - - - 

Eunotia spp 1. - - 0.3 - 1.9 - - 16.7 - - - - - - 8.1 1.3 - - - 

Frustulia aff. 

pseudomagliesmont

ana 

0.7 13.5 22.4 - 3.2 - 17.4 - 8.2 42.3 16.9 - 1.0 0.7 2.3 16.6 - - - 

Frustulia 

rhomboides 

0.7 5.5 2.0 1.7 7.1 7.1 16.8 - 5.6 18.0 44.7 - 5.6 2.0 0.7 5.0 - 8.5 8.2 



Department of Science, Information Technology, Innovation and the Arts 

150 

Gomphonema affine - - - - - 0.3 - - - - - - 1.0 - 2.7 0.3 - 19.0 - 

Koboyasiella 

subtilissima 

- 12.9 1.7 0.3 0.3 1.6 0.7 - 2.6 0.7 0.3 - 3.3 - - 0.7 - 3.2 - 

Navicula aff. 

Agrestis 

- - - - - - - - - - - 12.3 - - - - - - - 

Navicula 

cryptocephala 

- - 0.3 5.5 1.3 0.6 - - 2.6 0.3 - - - 10.7 - - 0.7 - 2.8 

Nitzschia agnita - - - 0.3 0.6 - - - 2.3 1.0 - - - - 23.8 - - - 0.6 

Nitzschia palea - - - 0.3 - - - - - 0.7 - 7.8 - 12.4 - - 21.6 - 1.3 

Rhopalodia 

brebissonii 

- - - - - - - - - - - - - 15.6 - - - - - 

Rossithidium 

pusillum 

- - - 0.7 - 0.3 - - - - - 13.6 0.3 - - - 3.6 - 0.6 

Surrirella linearis - - - 0.7 - - - 16.7 - - - - - - - - - - - 

Total Diatom 

richness 

8 15 14 37 34 23 17 3 32 20 13 11 24 25 9 16 27 16 34 

Number of 

frustules 

303 310 303 289 310 310 304 6 305 305 302 308 301 307 298 301 305 189 317 
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Diatom assemblages varied between sites (Table 19) and this was well represented by the MDS 

ordination in two dimensions (stress 0.13). 

Despite this genus scale response to pH, bubble plots showed no evidence that variation between 

sites in pH was driving diatom assemblage patterns at the species level (Figure 33, Table 20). EC 

had the strongest correlation with diatom species assemblage patterns (Figure 34). There was a 

gradient from the top right of the ordination space which is dominated by sites with very low 

conductivity (e.g. Queensland Mapped Spring 19 @ Old Telegraph track, Eliot Creek @ Telegraph, 

Saucepan Springs @ Eliot CK.), to the bottom right of ordination space dominated by higher 

conductivity sites (e.g. Queensland Mapped Spring 01 @ Mango tree, Soda Springs, Queensland 

Mapped Spring 06 @ Peninsula Development Rd). Diatom assemblage variability also correlated 

with the major axis of variation in water ionic composition between sites, which was the percentage 

of total anions as carbonate and bicarbonate (as opposed to sulphate and chloride) (Figures 34 

and 35). Sites toward the top right region of ordination space had no carbonate/bicarbonate (e.g. 

Captain Billy Spring, Queensland Mapped Spring 19 @ Old Telegraph track), whereas sites toward 

the bottom left region had up to 80 per cent of their anions as carbonate/bicarbonate (Soda 

Springs). 

Analysis of diatom assemblages showed that variability in water chemistry attributes between sites 

is reflected in variation in their ecology. This implies that aquifer source is an important determinant 

of spring and baseflow stream ecology. This is relevant when considering the significance of GDEs 

fed by groundwater from different aquifer sources. 

Table 20 Codes used to represent sampling sites in Figures 32, 33 and 34. 

Site code Site name 

A Captain Billy Spring 

B Crystal Ck @ Bypass Rd 

C Eliot Ck @ Telegraph 

D Garrawav Ck @ Portland Rd 

E Heinaman Spring 

F Heineman Lagoon 

G Hydrology Palustrine wetland 09 

H* Maloney Springs 

I Opportunistic Spring 01 @ Frenchmans Road 

J Opportunistic Spring 02 @ Frenchmans Road 
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K Opportunistic Spring 03 @ Pascoe Crossing Road 

L Qld Mapped Spring 01 @ Mango tree 

M Qld Mapped Spring 03 @ Rokeby Rd 

N Qld Mapped Spring 06 @ Peninsula Development Rd 

O Qld Mapped Spring 19 @ Old Telegraph track 

P Saucepan Springs @ Eliot Ck. 

Q Soda Springs 

R Water Course Spring @ Grader pump site 

S Wenlock River U/S of Heineman Spring confluence 

 

 

Figure 33 MDS ordination plot of variability between sampling sites based on their diatom 
assemblages, with values for pH overlaid as a bubble plot with the size of bubble representing the 
site pH value according to the scale in the legend. 
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Figure 34 MDS ordination plot of variability between sampling sites based on their diatom 
assemblages, with values for EC overlaid as a bubble plot with the size of bubble representing the 
site EC value according to the scale in the legend 

 

Figure 35 Piper diagram displaying the ionic distribution of water quality samples collected at 
selected diatom sampling sites during the current investigation, along with reference data from a 
“standard” seawater sample, and a sample collected from bore RN92600003 drilled during the 
current investigation 
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Figure 36 MDS ordination plot of variability between sampling sites based on their diatom 
assemblages, with values for anion dominance by bicarbonate and carbonate overlaid as a bubble 
plot with the size of bubble representing the site percentage anion dominance by bicarbonate and 
carbonate according to the scale in the legend 
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Appendix 3 – Basic principles of stable isotopes of 

water 

The isotopic signature of water can be assessed by observing variations in the ratios of the heavier 

stable isotopes of oxygen and hydrogen, namely oxygen-18 (18O) and deuterium (2H or D) to their 

heavier and more common counterparts (16O and 1H). Hydrogen and oxygen make up the water 

molecule (H2O) with the most common isotopic form being 1H2
16O. Heavier forms of the water 

molecule (2H2
16O, 1H2

18O and 2H2
18O) exist naturally but make up a very small percentage of all 

water molecules. Variations of these ratios in natural waters can provide some understanding of 

the hydrological processes that form the landscape. For reference, the isotopic compositions of 

water samples are compared to an internationally accepted standard composition representing 

global oceanic composition, known as SMOW (Standard Mean Ocean Water) (Craig 1961). The 

International Atomic Energy Agency (IAEA) later revised the standard to VSMOW (Vienna 

Standard Mean Ocean Water). The ratios of 18O/16O and 2H/1H are reported as δ18O and δD 

respectively and denoted as a part per thousand or per mL (‰) deviation from the standard. 

Variations in δ18O and δD occur due to kinetic fractionation of the heavier and lighter water 

molecules which can occur through numerous environmental and climatic conditions. A water body 

that is depleted in heavy isotopes compared to SMOW will carry a negative value, and one that is 

enriched compared to SMOW will carry a positive value. Generally speaking, the stable isotopic 

composition of water in the landscape will be variable and typically negative since rainfall will 

commonly be depleted in heavier isotopes due to evaporation. The magnitude of that depletion is 

determined by processes such as: 

• evaporation 

• rainfall intensity 

• rainfall duration 

• temperature 

• altitude 

• latitude 

• humidity. 

Once water enters the landscape from rainfall, it can continue to undergo fractionation (primarily 

due to evaporation) prior to entering the water table. Therefore, the resultant isotopic composition 

of groundwater at any location can be assessed in terms of the nature of the recharge water from 

which it was sourced, or from mixing of multiple sources of water. For example, groundwater that is 

recharged quickly via infiltration from heavy rainfall will have a different composition to groundwater 

that is recharged from the bed of a leaky lake that experiences high evaporation. Groundwater that 

has experienced little evaporation (that is, has a composition similar to rainfall) will plot close to the 

MWL, but as water is evaporated the graphical position of the residual water tends to move to the 

right and slightly upwards and a shallower gradient to the MWL (Figure 37).  
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Figure 37 Typical representation of isotopic compositions for natural waters. The majority of natural 
terrestrial waters have negative δ

18
O and δD ratios. 

Rainfall 

The IAEA maintains a comprehensive record of stable isotopes in rainfall within its Global Network 

of Isotopes of Preciptation (GNIP) database. Monthly rainfall records exist for Darwin and Brisbane 

rainfall stations, but these are significantly displaced from Cape York in terms of distance as well 

as climatic patterns. Crosbie et al. (2012) provide local rainfall composition for Townsville as well 

as additional stations in Australia, so data from this report are included in the assessment. 

Rainfall isotopic compositions tend to plot linearly, so that the isotopic rainfall composition of any 

given location can be expressed as a simple mathematical linear trend. The globally accepted 

formula for all global rainfall is known as the Global Meteoric Water Line (GMWL) and is 

represented as δD = 8.0 x δ18O + 10. Local meteoric water lines (LMWL) vary slightly from this and 

Crosbie et al. (2012) have determined the following LMWLs:  

Darwin: δD = 8.1 x δ18O + 11.7 

Brisbane: δD = 7.6 x δ18O + 12.8 

Townsville δD = 7.3 x δ18O + 8.3 

These trendlines can be plotted for comparison with individual sample compositions for 

comparative analysis. 
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Appendix 4 – Wildnet species records for field sites 

Wildlife sighting and specimen record data were extracted from the Queensland Department of 

Environment and Heritage Protection wildlife online database (22/11/2013). A species list was 

generated for each field site location using the field site location co-ordinates with a specified 1 km 

radius buffer (the smallest available buffer in the database search tool). All species records were 

collated and those containing records of rare or threatened species as defined under the 

Queensland Nature Conservation Act 1992 (Endangered (E1), Vulnerable (V1), Near Threatened 

(NT)) and the Australian Environment Protection and Biodiversity Conservation Act 1999 

(Endangered (E2), and Vulnerable (V2)) are listed below.  

Site 1–Bertie Creek @ Ranger pump station  

Type Family Scientific Name Common Name Conservation status 

Bird Cacatuidae Probosciger aterrimus Palm Cockatoo NT 

 

Site 2–Bertie Creek @ Telegraph Road crossing  

Type Family Scientific Name Common Name Conservation status 

Bird Cacatuidae Probosciger aterrimus Palm Cockatoo NT 

 

Site 3–Captain Billy Spring 

Type Family Scientific Name Common Name Conservation status 

Plant Araliaceae Schefflera bractescens Pascoe Umbrella NT 

Plant Mimosaceae Archidendron hirsutum Cape Laceflower NT 

 

Site 4–Cholmondoley Creek @ Telegraph Road 

There were no rare or threatened species wildnet records retrieved for this site location 

 

Site 5–Cockatoo Creek @ Heathlands airstrip 

There were no wildnet records retrieved for this site location 

 

Site 6–Crystal Creek @ Bypass Road 

There were no wildnet records retrieved for this site location 
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Site 7–Remote sensing polygon 122 @ Telegraph Road 

Type Family Scientific Name Common Name Conservation status 

Bird Cacatuidae Probosciger aterrimus Palm Cockatoo NT 

Mammal Phalangeridae Spilocuscus maculatus Common Spotted 

Cuscus 

NT 

Plant Mimosaceae Senegalia albizioides Climbing Wattle NT 

 

Site 8–Eliot Creek @ Telegraph Road 

There were no rare or threatened species wildnet records retrieved for this site location 

 

Site 9–Eliot Creek @ Fruit Bat Falls 

Type Family Scientific Name Common Name Conservation status 

Plant Poaceae Eremochloa ciliaris  NT 

 

Site 10–Everlasting spring @ Heathlands Ranger Station 

Type Family Scientific Name Common Name Conservation status 

Bird Cacatuidae Probosciger aterrimus Palm Cockatoo NT 

Mammal Emballonuridae Saccolaimus mixtus Papuan 

Sheathtail 

Bat 

NT 

Mammal Pteropodidae Pteropus conspicillatus Spectacled 

Flying-Fox 

V2 

 

Site 11–Opportunistic Spring 01 @ Frenchmans Road 

There were no rare or threatened species wildnet records retrieved for this site location 

 

Site 12–Opportunistic Spring 02 @ Frenchmans Road 

There were no wildnet records retrieved for this site location 

 

Site 13–Garraway Creek @ Portland’s Road 

There were no wildnet records retrieved for this site location 
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Site 14–Heineman Lagoon 

Type Family Scientific Name Common Name Conservation status 

Bird Cacatuidae Probosciger aterrimus Palm Cockatoo NT 

 

Site 15–Heineman Spring 

There were no wildnet records retrieved for this site location 

 

Site 16–Hydrology palustrine wetland 09 

There were no wildnet records retrieved for this site location 

 

Site 17–Maloney springs 

Type Family Scientific Name Common Name Conservation status 

Plant Cyatheaceae Cyathea felina  E1 

Plant Cyatheaceae Cyathea exilis  E1, E2 

Plant Gleicheniaceae Sticherus milnei  NT 

Plant Apocynaceae Marsdenia paludicola  V1, V2 

Plant Argophyllaceae Argophyllum verae  NT 

Plant Bignoniaceae Neosepicaea viticoides Cape York Jungle 

Vine 

NT 

Plant Clusiaceae Calophyllum bicolor  V1, V2 

Plant Rubiaceae Gardenia psidioides Hann Gardenia V1, V2 

Plant Arecaceae Hydriastele costata  V1, V2 

Plant Pandanaceae Pandanus zea Corncob Pandan NT 

Plant Poaceae Garnotia stricta var. 

longiseta 

 NT 

 

Site 18–Mt Tozer lookout viewing platform 

Type Family Scientific Name Common Name Conservation status 

Bird Apodidae Aerodramus terraereginae Australian Swiftlet NT 

Bird Psittacidae Eclectus roratus macgillivrayi Eclectus Parrot V1 

Plant Vittariaceae Antrophyum plantagineum  NT 

Plant Fabaceae Phylacium bracteosum  NT 

Plant Proteaceae Lasjia claudiensis  V1 
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Plant Orchidaceae Cadetia wariana  NT 
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Site 19–Opportunistic Spring 03 @ Pascoe Crossing Road  

There were no wildnet records retrieved for this site location 

 

Site 20–Pascoe River @ Fall Creek 

There were no wildnet records retrieved for this site location 

 

Site 21–Remote sensing Polygon 101 @ Mungkan Kandju 

There were no rare or threatened species wildnet records retrieved for this site location 

 

Site 22–Remote sensing Polygon 102 @ Mungkan Kandju  

There were no rare or threatened species wildnet records retrieved for this site location 

 

Site 23–Remote sensing polygon 115 @ Mungkan Kandju  

There were no rare or threatened species wildnet records retrieved for this site location 

 

Site 24–Remote sensing polygon 118 @ Telegraph Road 

There were no rare or threatened species wildnet records retrieved for this site location 

 

Site 25–Remote sensing polygon 119 @ Telegraph Road 

There were no rare or threatened species wildnet records retrieved for this site location 

 

Site 26–Remote sensing polygon 127 @ Telegraph Road 

Type Family Scientific Name Common Name Conservation status 

Bird Cacatuidae Probosciger aterrimus Palm Cockatoo NT 

Bird Strigidae Ninox rufa meesi Rufous Owl (Cape 

York 

Subspecies) 

NT 

 

Site 27–Remote sensing polygon 128 @ Vegetation patch 

There were no wildnet records retrieved for this site location 

 

Site 28–Remote sensing polygon 129 @ Vegetation patch  

Type Family Scientific Name Common Name Conservation status 

Plant Combretaceae Combretum trifoliatum  V1 

 



Department of Science, Information Technology, Innovation and the Arts 

162 

Site 29–Remote sensing polygon 131 @ Vegetation patch 

There were no rare or threatened species wildnet records retrieved for this site location 

 

Site 30–Remote sensing polygon 132 @ Vegetation patch 

Type Family Scientific Name Common Name Conservation status 

Plant Solanaceae Solanum dunalianum  V1, V2 

Plant Orchidaceae Dendrobium bigibbum  Cooktown 

Orchid 

V1, V2 

 

Site 31–Remote sensing polygon 134 @ Vegetation patch  

There were no rare or threatened species wildnet records retrieved for this site location 

 

Site 32–Remote sensing polygon 17 @ Bypass Road 

There were no wildnet records retrieved for this site location 

 

Site 33–Remote sensing polygon 25 @ Mungkan Kandju  

There were no rare or threatened species wildnet records retrieved for this site location 

 

Site 34–Remote sensing polygon 26 @ Mungkan Kandju 

There were no rare or threatened species wildnet records retrieved for this site location 

 

Site 35–Remote sensing polygon 27 @ Mungkan Kandju  

There were no rare or threatened species wildnet records retrieved for this site location 

 

Site 36–Saucepan Spring @ Eliot Creek 

Type Family Scientific Name Common Name Conservation status 

Bird Accipitridae Accipiter novaehollandiae Grey Goshawk NT 

Bird Cacatuidae Probosciger aterrimus Palm Cockatoo NT 

 

Site 37–Soda Springs 

There were no rare or threatened species wildnet records retrieved for this site location 

 

Site 38–Remote sensing polygon 135 @ Discharge point 

There were no rare or threatened species wildnet records retrieved for this site location 
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Site 39–Spring Creek @ Mungun Kandju NP 

There were no rare or threatened species wildnet records retrieved for this site location 

 

Site 40–Vegetation patch @ Batvia Downs Road 

There were no rare or threatened species wildnet records retrieved for this site location 

 

Site 41–Vegetation patch @ Captain Bill landing Road 

Type Family Scientific Name Common Name Conservation status 

Bird Cacatuidae Probosciger aterrimus Palm Cockatoo NT 

Mammal Phalangeridae Spilocuscus 

maculatus 

Common Spotted 

Cuscus 

NT 

 

Site 42–Watercourse Spring @ Grader pump site 

There were no rare or threatened species wildnet records retrieved for this site location 

 

Site 43–Watercourse Spring 07 @ Kennedy’s lost camp 

There were no rare or threatened species wildnet records retrieved for this site location 

 

Site 44–Watercourse Spring 21 @ Vegetation patch 

There were no rare or threatened species wildnet records retrieved for this site location 

 

Site 45–Watercourse Spring @ Palm Creek 

There were no wildnet records retrieved for this site location 

 

Site 46–Wenlock River @ Moreton telegraph station  

Typ Family Scientific Name Common Name Conservation 

status 

Bird Cacatuidae Probosciger aterrimus Palm Cockatoo NT 

Bird Ciconiidae Ephippiorhynchus 

asiaticus 

Black-Necked 

Stork 

NT 

Plant Caesalpiniaceae Crudia abbreviata  NT 

Plant Poaceae Arthragrostis 

clarksoniana 

 NT 
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Site 47–Wenlock River @ Portlands Road 

Type Family Scientific Name Common Name Conservation status 

Bird Accipitridae Accipiter 

novaehollandiae 

Grey Goshawk NT 

Bird Accipitridae Erythrotriorchis radiatus Red Goshawk E1, V2 

Bird Cacatuidae Probosciger aterrimus Palm Cockatoo NT 

Bird Meliphagidae Melithreptus gularis Black-Chinned 

Honeyeater 

NT 

Bird Strigidae Ninox rufa meesi Rufous Owl (Cape 

York 

Subspecies

) 

NT 

Mammal Dasyuridae Dasyurus hallucatus Northern Quoll E2 

Mammal Emballonuridae Taphozous australis Coastal Sheathtail 

Bat 

V1 

 

Site 48–Wenlock River @ Stone Crossing 

Type Family Scientific Name Common Name Conservation status 

Bird Cacatuidae Probosciger aterrimus Palm Cockatoo NT 

Mammal Phalangeridae Spilocuscus 

maculatus 

Common Spotted 

Cuscus 

NT 

Plant Caesalpiniaceae Crudia abbreviata  NT 

Plant Combretaceae Combretum trifoliatum  V1 

 

Site 49–Wenlock River upstream of Heineman Spring confluence  

Type Family Scientific Name Common Name Conservation status 

Bird Cacatuidae Probosciger aterrimus Palm Cockatoo NT 

 

Site 50–Qld Mapped Spring 01 @ mango tree 

There were no wildnet records retrieved for this site location 

 

Site 51–Qld Mapped Spring 03 @ Rokeby Road 

Type Family Scientific Name Common Name Conservation status 

Mammal Pteropodidae Pteropus conspicillatus Spectacled Flying-Fox V2 
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Site 52–Qld Mapped Spring 06 @ Peninsula Development Road 

There were no rare or threatened species wildnet records retrieved for this site location 

 

Site 53–Qld Mapped Spring 12 @ Drainage line 

There were no rare or threatened species wildnet records retrieved for this site location 

 

Site 54–Qld mapped spring 19 @ Old Telegraph track 

Type Family Scientific Name Common Name Conservation status 

Plant Arecaceae Hydriastele costata  V1, V2 

Plant Orchidaceae Spathoglottis paulinae  NT 

 

Site 55–Qld Mapped Wetland 12 @ Melaleuca Swamp 

There were no wildnet records retrieved for this site location 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Department of Science, Information Technology, Innovation and the Arts 

166 

Appendix 5 – Proposed method for assessing the 

significance of vulnerable GDEs  

Significance of vulnerable GDEs fed by the GAB 

Surface expression of groundwater 

Version 1.1 of the Aquatic Conservation Assessment of Cape York Heritage Area (EHP 2012a) 

could be used to identify environmental values represented at GAB wetland, baseflow stream and 

spring GDEs (those dependant on the surface expression of groundwater) as an indication of their 

significance. 

An Aquatic Conservation Assessment (ACA) identifies the conservation/ecological values of 

riverine and non-riverine wetlands using criteria, indicators and measures based on available data 

(such as state held databases and peer reviewed literature) and also includes data resulting from 

expert opinion. The criteria, each of which may have variable numbers of indicators and measures, 

are: 

• naturalness (aquatic) 

• naturalness (catchment) 

• diversity and richness 

• threatened species and ecosystems 

• priority species and ecosystems 

• special features 

• connectivity and representativeness.  

Each spatial unit within a study area is assigned an overall AquaBAMM Conservation Value, or 

AquaScore, based on a five tier scale (Very Low, Low, Medium, High and Very High) based on the 

combined results of these criteria. It should be recognised that version 1.1 of the Cape York ACA 

for riverine and non-riverine freshwater wetlands does not include all components of the full 

process normally undertaken and has not been subject to field-truthing (EHP 2012a) 

The Aquatic Conservation Assessment of the Cape York area (EHP 2012a) provides an 

Aquascore for both riverine and non-riverine wetlands for all Cape York catchments. For a non-

riverine ACA the individual mapped wetlands (QWP mapping version 3.0) are employed as the 

ACA spatial units. For the riverine ACA the results are provided for both buffered stream segments 

and spatial units which are based on the subsections derived from the dataset from the Australian 

Hydrological Geospatial Fabric dataset (EHP 2012a). The ACA values are assigned to the 

subsection and the assumption is that all riverine wetlands within that subsection have the relevant 

values.  

Within this GDE assessment we propose to utilise the assigned overall Aquascore attributed to the 

riverine subsections and non-riverine wetlands as a measure of their conservation significance. 

The attributed values of the ACA (i.e. very low to very high) can be intersected with the identified 

potential GDEs. Conservation significance of a spring feature (which may not be mapped 

specifically as a wetland or stream segment) could be inferred from the riverine subsection 

Aquascore containing the feature.  
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Sub-surface expression of groundwater 

The outputs of Version 1.1 of the Cape York Heritage Area Biodiversity Planning Assessment 

(EHP 2012b) could be used as a measure of the ecological significance for terrestrial vegetation 

GDEs as part of this assessment.  

The Biodiversity Assessment and Mapping Methodology or BAMM (EPA, 2002), has been 

developed to provide a consistent approach for assessing biodiversity values at the landscape 

scale in Queensland using the Regional Ecosystem (RE) vegetation mapping (version 7) as a 

fundamental basis (which is consistent with the mapping used to identify GDEs). The methodology 

utilises a number of criteria to identify habitats important for the maintenance of biodiversity or 

ecological processes, and are a combination of automated desktop criteria based on ecological 

science as well as criteria that rely on expert knowledge. The individual criteria, each of which may 

have variable numbers of indicators and measures, are:  

• habitat for endangered, vulnerable or near-threatened taxa  

• ecosystem value  

• tract size  

• relative size of regional ecosystems (REs)  

• ecosystem diversity  

• context and connection  

• essential and general habitat for priority taxa  

• special biodiversity values  

• corridors  

• threatening process/condition  

Individual criteria scores are then combined to produce an overall level of biodiversity significance 

(low, medium, high or very high). Within this GDE assessment we propose to utilise the assigned 

overall biodiversity significance score attributed to the RE polygons making up the terrestrial 

vegetation GDEs as a measure of their conservation significance. 

Defining consequence of proposed additional groundwater abstraction 

The consequence of proposed additional groundwater extraction would then be defined by 

comparing the values of significance at both vulnerable and not-vulnerable GAB GDEs from the 

short term impact evaluation of vulnerability.  

In the proposed method stated above, in the case of some springs their significance may have 

been inferred from the ACA scores for a particular area, so ideally any vulnerable locations should 

be subject to a more thorough assessment including targeted field surveys to better define their 

values. The information collected during field sampling for this project gives an indication of the 

high values GDEs on Cape York Peninsula in general support.  

 

 

  

 


