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Executive Summary 
 

Outback Ecology, a division of MWH Australia Pty Ltd, was commissioned by Northern Minerals Limited to 

conduct an assessment of surface soils and vegetation on analogue slopes within (and adjacent to) the 

Browns Range Project Study Area (the ‘Overall Study Area’).  The Browns Range Project (the Project) is 

located adjacent to the Western Australia / Northern Territory border, approximately 150 kilometres (km) 

southeast of Halls Creek, on Gordon Downs Station in the Shire of Halls Creek. The assessment was 

conducted to provide an indication of analogue soil and vegetation parameters for future reference and 

comparison with constructed slopes of waste landforms associated with the Project. 

 

The assessment of surface soils was conducted concurrently with a flora and vegetation survey in May 

2013.  Six bulked samples (to approximately 20 centimetres [cm] depth) from three analogue slope sites 

were collected and analysed.  A summary of the physical and chemical characteristics of the soils sampled 

are detailed in Table ES1.  

 

Soil physical characteristics  

The surface soils assessed from the analogue sites were predominately single-grained and typically 

classed as sandy loams (10 to 20% clay).  Coarse material content (>2 millimetre [mm] fraction) was 

typically high, although variable, ranging between 31 and 80%.  All samples were identified as partially 

dispersive, particularly upon severe disturbance, however, they did not exhibit a propensity for hardsetting.  

The drainage class (saturated hydraulic conductivity) for selected soil samples ranged between ‘moderate’ 

and ‘rapid’. 

 

Soil chemical characteristics 

Soil pH (CaCl2) ranged between pH 4.6 (‘moderately acidic’) and pH 5.2 (‘slightly acidic’).  Three of the six 

samples were classed as ‘moderately acidic’ and the remaining three were classed as ‘slightly acidic’.  All 

soils were considered ‘non-saline’.  The soils ranged between ‘low’ and ‘high’ in organic carbon content 

and reported variable concentrations of plant-available nutrients. 

 

The effective cation exchange capacity (eCEC) of all soils was low, with all six samples reported 

exchangeable Na+ concentrations below the detection limit (BDL).  The soils are therefore classified as 

non-sodic.   

 

Analysis of total metal concentrations indicated that the majority of the soils were below the detectable limit 

(limit of reporting) for arsenic (As), cadmium (Cd), zinc (Zn), and mercury (Hg).  However chromium (Cr), 

copper (Cu), lead (Pb) and nickel (Ni) were regularly reported at a detectable level.  None of these results 

were measured above the respective Ecological Investigation Levels (EIL) for soils. 

 

Conclusions and recommendations 

The surface soils from the three analogue slope sites contain moderate to high amounts of coarse 

fragment material, are non-hardsetting, have a moderately rapid hydraulic conductivity, are non-saline and 

non-sodic, indicating a low inherent erodibility. 
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It is intended that the data contained within this report be used as baseline information for future 

construction, rehabilitation and monitoring of reconstructed slopes associated with mining activities in the 

Project area. 
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Table ES1: Physical and chemical characteristics of surface soil samples from analogue slopes within the Browns Range Project.  The figures presented 
represent values with broad ratings of good, moderate and poor for each parameter relative to suitability for plant growth and/or overall material stability 
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Site 369 

0 to 5 Loamy 
sand 46 

Partially 
dispersive 

(5) 

Non-
hardsetting 

(30.6) 

Moderate 
(31.0) 

Moderately 
acidic 
(4.9) 

Non-saline 
(<0.01) 

Low 
(0.50) Low Low Non-sodic 

(BDL) Low 

10 to 20 Sand 53 
Partially 

dispersive 
(3a) 

Non-
hardsetting 

(39.6) 

Rapid 
(202.3) 

Slightly 
acidic 
(5.1) 

Non-saline 
(0.01) 

Low 
(0.33) Low Low Non-sodic 

(BDL) Low 

Site 357 

0 to 5 Sand  31 
Partially 

dispersive 
(3a) 

Non-
hardsetting 

(28.5) 
NA 

Moderately 
acidic 
(4.9) 

Non-saline 
(0.02) 

Low 
(0.64) Low Low Non-sodic 

(BDL) Low 

10 to 20 Sandy 
loam 70 

Partially 
dispersive 

(3a) 

Non-
hardsetting 

(18.0) 

Moderately 
rapid 
(73.8) 

Moderately 
acidic 
(4.6) 

Non-saline 
(0.01) 

Low 
(0.60) Low Low Non-sodic 

(BDL) Low 

Site 374 

0 to 5 Sandy 
loam  77 

Partially 
dispersive 

(3a) 

Non-
hardsetting 

(15.6) 
NA 

Slightly 
acidic  
(5.2) 

Non-saline 
(0.04) 

High 
(2.35) Moderate Low Non-sodic 

(BDL) Low 

10 to 20 Sandy 
loam  80 

Partially 
dispersive 

(3a) 

Non-
hardsetting 

(26.6) 
NA Slightly 

acidic (5.1) 
Non-saline 

(0.02) 
Moderate 

(1.22) Moderate Low Non-sodic 
(BDL) Low 

1. Based on the <2 mm size fraction  
2. Determined for all coarse fragments >2 mm in size 
3. See Appendix B for Emerson Classes 
4. ‘Low’ metal concentrations indicate results below Ecological Investigation Levels (EILs) (Department of Environment & Conservation, 2010) 

‘BDL’ = below detection limit 
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1. INTRODUCTION 

1.1 Background 

Outback Ecology, a division of MWH Australia Pty Ltd, was commissioned by Northern Minerals 

Limited to conduct an assessment of surface soils and vegetation on analogue slopes within (and 

adjacent to) Browns Range Project Study Area (the ‘Overall Study Area’).  The Browns Range Project 

(the Project) is located adjacent to the Western Australia / Northern Territory border, approximately 

150 kilometres (km) southeast of Halls Creek, on Gordon Downs Station in the Shire of Halls Creek 

(Figure 1).   

 

The surface soil assessment was conducted concurrently with a flora and vegetation survey in May 

2013.  Surface soil samples from three analogue slope sites were collected and analysed.   
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Figure 1: Regional location of the Browns Range Project 
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1.2 Report scope and objectives 

The objectives of the soil and vegetation assessment were to assess the physical and chemical 

characteristics of surface soils and vegetation communities present on analogue slopes to provide 

baseline data for future construction, rehabilitation and monitoring of rehabilitated slopes of mine 

waste landforms.   

This report documents the results of this assessment and provides the following: 

 descriptions of soil profile morphology, to the maximum depth possible, based on Australian 

Soil Classification Standards (McDonald et al. 1998); 

 evaluation of soil physical parameters (soil structure [Emerson Aggregate Test], particle size 

distribution, soil texture and hard-setting characteristics [modified Modulus of Rupture test];  

 measurement of soil chemical parameters (soil pH, electrical conductivity, plant-available 

nutrient concentrations, organic carbon, exchangeable cations and total metal concentration);  

 measurement of radionuclides; and  

 a description of the vegetation present at each analogue slope location. 

 

2. MATERIALS AND METHODS 

2.1 Sampling regime 

The field survey was conducted in May 2013.  Six bulked samples were collected from three locations 

for the analysis of selected chemical and physical parameters (Table 1, Figure 2).  Samples were 

collected by Outback Ecology personnel to a maximum depth of 20 cm.  The soil was described (soil 

morphology, soil structure, root distribution) based on the Australian Soil and Land Survey Handbook 

(McDonald et al. 1998).   

 

Table 1: Summary of analogue slope sampling locations  

Site Site description  

Coordinates 
(Projection: UTM Zone 52K,  

Datum: GDA94) 

Easting (mE) Northing (mN) 

Site 369 Moderate analogue slope located 
near old exploration camp 492342 7910139 

Site 357 Analogue slope located near access 
road 491499 7906223 

Site 374 Analogue slope adjacent to access 
road 462304 7915431 
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Figure 2: Location of analogue slope assessment sites  
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2.2 Test work and procedures 

CSBP Soil and Plant Laboratory conducted analyses for ammonium and nitrate (Scarle 1984), plant-

available phosphorus and potassium (Colwell 1965, Rayment and Higginson 1992), plant-available 

sulphur (Blair et al. 1991), and organic carbon (Walkley and Black 1934).  Measurements of electrical 

conductivity (1:5 H2O), soil pH (1:5 H2O and 1:5 CaCl2), were conducted using the methods described 

in Rayment and Higginson (1992).  Exchangeable cations Ca2+, Mg2+, Na+ and K+ (Rayment and 

Higginson 1992) and particle size of the soil sized fraction (McKenzie et al. 2002) was also assessed. 

 

ALS Environmental Laboratory analysed selected samples for total concentrations of metals including 

arsenic (As), cadmium (Cd), chromium (Cr), copper (Cu), lead (Pb), nickel (Ni), and zinc (Zn) and 

mercury (Hg).  CV/FIMS was used to analyse for Hg, while ICP-AES was used for the other elements. 

 

Radiation Professionals Pty Ltd analysed all six samples for radionuclides (Ra226 and Ra228), and 

elemental uranium (U) and thorium (Th). 

 

Soil texture was assessed by Outback Ecology staff using the procedure described in McDonald et al. 

(1998).  A measure of soil slaking and dispersive properties (Emerson Aggregate Test) was conducted 

as described in McKenzie et al. (2002).  Soil strength and the resulting tendency of each material to 

hardset was assessed by Outback Ecology staff using a modified Modulus of Rupture test (Aylmore 

and Sills 1982, Harper and Gilkes 1994).  The saturated hydraulic conductivity of re-packed cores was 

also measured for selected samples, using a constant-head of pressure technique (Hunt and Gilkes 

1992). 

 

3. RESULTS AND DISCUSSION 

3.1 Site descriptions 

A description of the soil morphology at each site has been documented, with a summary of the 

measured physical, chemical and morphological parameters tabulated for each site (Sections 3.1.1 – 
3.1.3).  Individual soil characteristics are then discussed in further detail (Sections 3.2 – 3.3).  The 

vegetation descriptions given for each site are based on field observations.  
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3.1.1 Site 369 

Site description: Moderate slope located near old exploration camp 

 

 
          Plate 1: Soil surface at Site 369 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Plate 2: Vegetation at Site 369 

 

Soil profile description 

0 – 5 cm:  Predominantly single-grained.  

Approximately 40% rounded, sub-rounded and sub-

angular coarse fragments, 5 to 150 mm in size.  No 

root material present. 

 

10 – 20 cm: Predominantly single-grained.  

Approximately 50% rounded and sub-rounded 

coarse fragments, 2 to 100 mm in size.  No root 

material present. 

 

 

10 – 20 cm:  

 

 

Soil surface: No surface crust, or 

cryptogam cover and less than 5% litter 

cover on soil surface.  Approximately 85% 

angular and sub-angular coarse fragments, 

2 to 150 mm in size.  

 

Vegetation: Eucalyptus brevifolia 

overstorey over Acacia monticola and 

Grevillea wickhamii mid-storey and Triodia 

schinzii understorey.   
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3.1.2 Site 374 

Site description: Slope located near access road 

 

 
          Plate 3: Soil surface at Site 374 

 

 

 

 

 

 

 

 

 

 

 
 
 

Plate 4: Vegetation at Site 374 

 

 

 

 

Soil profile description 

0 – 5 cm:  Predominantly single-grained.  

Approximately 70% rounded, sub-rounded and sub-

angular coarse fragments, 5 to 250 mm in size.  

Root abundance classed as ‘few’. 

 

10 – 20 cm: Predominantly single-grained.  

Approximately 80% rounded and sub-rounded 

coarse fragments, 2 to 100 mm in size.  No root 

material present. 

 

Soil surface: No cryptogam cover and 

20% litter cover on soil surface.  

Approximately 90% sub-angular and platy 

coarse fragments 5 to 250 mm in size.  

 

Vegetation: Ventilago viminalis and 

Dodonaea polyzyga overstorey.  Eremophila 

latrobei subsp. filiformis shrubs over Triodia 

wiseana, Cheilanthes brownii, Fimbristylis 

sp. and Tripogon loliiformis understorey. 
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3.1.3 Site 357 (25a) 

Site description: Slope adjacent to access road 

 

 
          Plate 5: Soil surface at Site 357 

 

 

 

 

 

 

 

 

 

 

 
 

Plate 6: Vegetation at Site 357 

 

 

Soil profile description 

0 – 5 cm:  Predominantly single-grained.  

Approximately 30% rounded, sub-rounded and sub-

angular coarse fragments, 5 to 130 mm in size.  No 

root material present. 

 

10 – 20 cm: Predominantly single-grained.  

Approximately 70% rounded and sub-rounded 

coarse fragments, 2 to 100 mm in size.  Root 

abundance classed as ‘few’. 

Soil surface: No cryptogam cover and 

less than 5% litter cover on soil surface. 

Approximately 75% angular and sub-angular 

coarse fragments, 2 to 130 mm in size.  

 

Vegetation: Eucalyptus brevifolia 

overstorey over Acacia monticola and 

Grevillea wickhamii mid-storey and Triodia 

schinzii understorey.   
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3.2 Soil physical properties 

3.2.1 Soil profile morphology 

The surface soil profiles on the analogue slopes exhibited only a small degree of variation in terms of 

morphological characteristics.  There was a general consistency in depth and organisation of soil layers 

between the different areas sampled, with rocky, skeletal soils present at the three locations. 

 

3.2.2 Soil texture 

Soil texture describes the proportions of sand (0.02 to 2.00 mm), silt (0.002 to 0.02 mm) and clay (<0.002 

mm) particles within a soil, referred to as the particle size distribution.  The particle size distribution and 

resulting textural class of soils is an important factor influencing most physical and many chemical and 

biological properties.  Soil structure, water holding capacity, hydraulic conductivity, soil strength, fertility, 

erodibility and susceptibility to compaction are some of the factors closely linked to soil texture. 

 

There was only a small range of particle size distributions exhibited by the soil samples, with soil textures 

ranging from sand (<5% clay) to sandy loam (10 to 20% clay).  The majority of the soils were classed as 

sandy loams (Figure 3).  The percentage of coarse material (>2 mm fraction) was variable, but typically 

high, ranging between 31 and 80% (Figure 4).  These results are similar to those observed for the surface 

soils in the ‘metamorphic outcrops with rocky soils’ soil-landform association identified in the Browns 

Range Baseline Soil and Landform Assessment (Outback Ecology 2014).  

 

 
Figure 3: Particle size distribution (%) of surface soils from the analogue slope sites 
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Figure 4: Coarse material content (>2 mm) (%) of surface soils from the analogue slope sites 

 

3.2.3 Structural stability 

The structural stability of a soil and its susceptibility to structural decline is complex and depends on the net 

effect of a number of properties, including the amount and type of clay present, organic matter content, soil 

chemistry and the nature of disturbance.  Soil aggregates that slake and disperse indicate a weak soil 

structure that is easily degraded.  These soils should be seen as potentially problematic when used for the 

reconstruction of soil profiles for rehabilitation, particularly if left exposed at the surface. 

 

The Emerson Aggregate Test identifies the potential slaking and dispersive properties of soil aggregates.  

The dispersion test identifies the properties of the soil materials under a worst case scenario, where severe 

stress is applied to the soil material.  Generally, samples allocated into Emerson Classes 1 and 2 are those 

most likely to exhibit dispersive properties and therefore be the most problematic.  

 

The soils from the analogue slopes were identified as either Emerson Class 3a (slaked, remoulded soil 

disperses completely) or Emerson Class 5 (slaked, 1:5 soil to water remains dispersed) (Table 2).  This 

indicates that these partially dispersive soil materials have the potential to become problematic (e.g. 

hardsetting, low infiltration, high erodibility) following severe disturbance (e.g. earthworks) however are 

generally non-dispersive in their natural setting.   
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Table 2: Slaking / dispersion properties (Emerson Test) results (including broad ratings of good, 
moderate and poor) indicating structural stability of surface soils from the analogue slope sites 

Site 
Depth 
(cm) 

Emerson Test 
Class 

(20 hour) 1 
Description 

Site 369 
0 to 5 5 Slaked, 1:5 suspension remained dispersed 

10 to 20 3a Slaked, remoulded dispersed completely 

Site 357 
0 to 5 3a Slaked, remoulded dispersed completely 

10 to 20 3a Slaked, remoulded dispersed completely 

Site 374 
0 to 5 3a Slaked, remoulded dispersed completely 

10 to 20 3a Slaked, remoulded dispersed completely 

1.  Emerson Test Classes are included in Appendix B 
 

3.2.4 Soil strength 

A modified Modulus of Rupture (MOR) test was conducted on all samples collected.  This test is a measure 

of soil strength and identifies the tendency of a soil to hardset as a direct result of soil slaking and 

dispersion.  A MOR of over 60 kPa has been described as the critical value for distinguishing potentially 

problematic soils in agricultural scenarios (Cochrane and Aylmore 1997).  Restricted root penetration into 

the soil matrix is a likely consequence of a high MOR.  In reconstructed soil profiles, materials normally 

deep within the profile that may have a high MOR can often be re-deposited closer to the surface, leading 

to germination / emergence and root penetration problems. 

 

As this test is conducted on reconstructed soil blocks composed of the <2 mm soil fraction, it does not take 

into account the effect of gravel content or soil structure on soil strength, nor any degree of compaction that 

may be present in the field.  It does, however, provide insight into the potential for layers to hard-set and 

compact with repeated wetting and drying cycles, and the ability of roots to fracture the soil and penetrate 

crack faces. 

 

All samples reported MOR values below the 60 kPa threshold and are therefore not considered prone to 

hardsetting (Figure 5).  These results are similar to those observed for the surface soils from the in the 

‘metamorphic outcrops with rocky soils’ soil-landform association in the Browns Range Baseline Soil and 

Landform Assessment (Outback Ecology 2014).  
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Figure 5: MOR (kPa) values of surface soils from the analogue slope sites 

 

3.2.5 Hydraulic conductivity 

Hydraulic conductivity (Ksat) refers to the permeability of soil, or the ability of water to infiltrate and drain 

through the soil matrix, and is dependent on soil properties such as texture and structure (Hunt and Gilkes 

1992; Hazelton and Muphy 2007; Moore 1998).  Freely draining soils with high Ksat values will generally be 

less susceptible to surface runoff and erosion.  Slow draining soils with low Ksat values, are more likely to 

experience waterlogging, increased surface runoff and erosion. 

 

Saturated hydraulic conductivity was determined for selected samples which were collected in the field and 

repacked to their approximate bulk densities.  Drainage classes were determined for each core according 

to their Ksat (Hunt and Gilkes 1992). 

 

The samples selected for saturated hydraulic conductivity analysis recorded drainage classes of 

‘moderate’, ’moderately rapid’ and ‘rapid’.  These results indicate that the surface soils from the analogue 

slopes are relatively free-draining. 
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Table 3: Saturated hydraulic conductivity (Ksat) values, soil texture, coarse material content and 
drainage class (including ratings of good, moderate and poor) of selected surface soils from the 

analogue slope sites 

Site 
Depth 

(cm) 
Soil texture 

Coarse 
fragments 

(%) 

Ksat 

(mm/hr) 
Drainage class 

Site 369 
0 to 5 Loamy sand 46 31.0 Moderate 

10 to 20 Sand 53 202.3 Rapid 

Site 357 10 to 20 Sandy loam 70 73.8 Moderately rapid 

 

3.2.6 Root growth 

Root abundance was sparse, generally classed as ‘none’ or ‘few’ (based on Australian Soil and Land 

Survey classification: McDonald et al. 1998).  The root abundance results were dependant on proximity to 

plants and the amount of vegetation present.  The full extent of root penetration into the underlying soil / 

regolith profile, beyond the depth of the soil excavations, is unknown. 
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3.3 Soil chemical properties 

3.3.1 Soil pH 

The soil pH gives a measure of the soil acidity or alkalinity, with ratings determined by pH range and 

analysis method (Van Gool et. al. 2005).  The ideal pH range for plant growth of most agricultural species 

is considered to be between 5.0 and 7.5 (Moore 1998).  Outside this range, the plant-availability of some 

nutrients is affected, while various metal toxicities (e.g. Al and Mn) can become limiting at low pH.  For 

native species, which are known to be tolerant of wider ranges in soil pH, preferred pH ranges are best 

inferred from the soil in which they are observed to occur.   

 

Soil pH measured in 0.01 M calcium chloride (CaCl2) is considered a more accurate measurement of 

hydrogen ion concentration ([H+]), closer to that of the natural soil solution which is taken up by plants 

(Hunt and Gilkes 1992).  As a result, soil pH measured in CaCl2 is lower than pH measured in water; 

however both measurements are taken for a complete assessment. 

 

There was little variation in soil pH values between the samples from the analogue slopes (Figure 6).  Soil 

pH (CaCl2) ranged between pH 4.6 (‘moderately acidic) and pH 5.2 (‘slightly acidic’).  Similarly, in terms of 

ratings, soil pH (H2O) values ranged between pH 5.6 (‘moderately acidic’) and pH 6.2 (‘slightly acidic’).  

These results are similar to those observed for surface soils from the ‘metamorphic outcrops with rocky 

soils’ soil-landform association in the Browns Range Baseline Soil and Landform Assessment (Outback 

Ecology 2014).  

 

 
(a) (b) 

Vsac: very strongly acidic; Sac: strongly acidic; Mac: moderately acidic; Slac: slightly acidic 

Figure 6: Soil pH values (a) pH CaCl2 and (b) pH H2O of surface soils from the analogue slope sites 
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3.3.2 Electrical conductivity 

Electrical conductivity (EC) is a measurement of the soluble salts in soils or water.  Soil salinity results from 

natural processes of landscape evolution, hydrological processes and rainfall (Hunt and Gilkes 1992).  

 

The EC of the analogue slope soils ranged between less than 0.01 dS/m, and 0.036 dS/m (Figure 7).  All 

results are classified as non-saline, based on the standard USDA and CSIRO categories (Appendix B). 

 

 
Figure 7: Electrical conductivity (EC 1:5 H2O) values of surface soils from the analogue slope sites
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3.3.3 Soil organic matter 

The organic matter content of soil is an important factor influencing many physical, chemical and biological 

soil characteristics.  Directly derived from plants and animals, its functions in soil include supporting the 

micro and macro fauna and flora populations in the soil, increasing the water retention capacity, buffering 

pH and improving soil structure.  The organic matter content of the soils from the analogue slopes was 

determined as a measure of the soil organic carbon percentage (SOC%).   

 

The SOC% of the soils sampled ranged between 0.33% (‘low’) and 2.35% (‘high’) (Figure 8).  The SOC% 

within the majority of the soils sampled was classed as ‘low’ (Purdie 1998). 

 

 
Figure 8: Soil organic carbon (%) values of surface soils from the analogue slope sites 



Northern Minerals Limited Soil and Vegetation Assessment of Analogue Slopes 
 
 

 24 

3.3.4 Exchangeable cations and exchangeable sodium percentage (ESP) 

Exchangeable cations, held on clay surfaces and within organic matter are an important source of soil 

fertility and can influence the physical properties of soil.  Generally, if cations such as Ca2+, Mg2+ and K+ 

are dominant on the clay exchange surfaces, the soil will typically display increased physical structure and 

stability, leading to increased aeration, drainage and root growth (Moore 1998).  If Na cations (Na+) are 

dominant on exchange surfaces and exceed more than 6% of the total exchangeable cations, then the soil 

is considered to be sodic, which can lead to poor physical properties (i.e. dispersion, hardsetting and 

erosion in clay-rich soils).   

 

If the ESP exceeds 15%, then the soil is considered to be highly sodic (Moore 1998).  Sodic soils have an 

increased tendency to disperse upon wetting and are therefore more prone to hardsetting at the soil 

surface, and erosion when placed on the slopes of constructed landforms. 

 

All of soil sampled from the analogue slopes reported Na+ values below the detection limit (BDL).  These 

soils are therefore classified as non-sodic. 
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3.3.5 Plant-available soil nutrients 

The most important plant-available nutrients for plant growth are nitrogen (N), phosphorus (P), potassium 

(K), and sulphur (S).  These nutrients are largely derived from the soil mineral component and organic 

matter.   

 

Native plant species have a number of physiological adaptations that enable them to be productive in 

areas where the supply of macronutrients is limited. There is limited information available which details the 

specific nutritional requirements for native plant species in the semiarid zone of WA. Therefore, the use of 

analogue sites is an effective way to baseline the soil nutritional requirements of native plant species within 

the Study Area. 

 

3.3.5.1 Plant-available nitrogen 

A significant proportion of soil nitrogen is held in organic matter and it is not immediately available for plant 

uptake (Hazelton and Murphy, 2007). The nitrogen that is readily available to plants is generally measured 

as nitrate. Nitrogen is an integral component of many essential plant compounds. It is a major part of all 

amino acids, which are the building blocks of all proteins, including the enzymes which effectively control 

all biological processes (Brady and Weil, 2002). A good supply of nitrogen stimulates root growth and 

development, and enhances the uptake of other nutrients (Brady and Weil, 2002).  

 

The results indicated that the plant-available nitrogen concentrations of the analogue slope soils were 

predominately low, though typical for native soils of the arid region of WA (Figure 9).  Plant-available 

nitrogen concentrations ranged between 1 and 9 mg/kg.   

 

 
Figure 9: Plant-available nitrogen (mg/kg) values of surface soils from the analogue slope sites 
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3.3.5.2 Plant-available phosphorus 

Phosphorus is essential for the growth of plants and animals as it plays a key role in the formulation of 

energy producing organic compounds. Adequate phosphorus nutrition enhances many aspects of plant 

physiology, including the fundamental processes of photosynthesis, nitrogen fixation, flowering, fruiting 

(including seed production), and maturation (Brady and Weil, 2002).  

 

The majority of the soils sampled from the analogue slopes reported ‘low’ concentrations of plant-available 

phosphorus (Moore 1998).  Plant-available phosphorus concentrations ranged between less than 2 mg/kg 

(‘low’) and 19 mg/kg (‘moderate’) (Figure 10).  

 

 
Figure 10: Plant-available phosphorus (mg/kg) values of surface soils from the analogue slope 

sites
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3.3.5.3 Plant-available potassium 

Potassium plays a critical role in a number of plant physiological processes. Adequate amounts of plant-

available potassium have been linked to improved drought tolerance, improved winter hardiness, better 

resistance to certain fungal diseases, and greater tolerance to insect pests.  Plant-available potassium can 

also improve the structural stability of plants (Brady and Weil, 2002).   

 

The majority of the soils sampled from the analogue slopes reported concentrations of plant-available 

potassium classed as ‘moderate’ (Moore 1998).  Plant-available potassium concentrations ranged between 

60 mg/kg (‘low’) and 259 mg/kg (‘high’) (Figure 11).   

 

 
Figure 11: Plant-available potassium (mg/kg) values of surface soils from the analogue slope sites  
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3.3.5.4 Plant-available sulphur 

Sulphur is a constituent of many protein enzymes that regulate activities such as photosynthesis and 

nitrogen fixation (Brady and Weil 2002).  In the soil the majority of sulphur is in the organic form, 

unavailable for plant uptake.  The organic sulphur is converted into inorganic sulphate sulphur primarily by 

micro-organisms.  It is the sulphate sulphur that is plant-available and is measured and reported here 

(Peverill et al. 1999). 

 

The plant-available sulphur concentrations of the sampled soils from the analogue slopes were relatively 

low, ranging between 2.0 and 3.1 mg/kg (Figure 12).  These results are similar to those observed for the 

‘metamorphic outcrops with rocky soils’ soil-landform association from the Browns Range Baseline Soil 

and Landform Assessment (Outback Ecology 2014). 

 

 
Figure 12: Individual plant-available sulphur (mg/kg) values of surface soils from the analogue 

slope sites 

 

3.3.6 Total metal concentrations 

Metal concentrations in the soil are significant due to their role in many biological functions; however, many 

metals can also become toxic at relatively low concentrations.  Many metals actually occur in inert forms in 

soils and rocks, and only become available to plants and animals if severe weathering events occur 

(Hazelton and Murphy 2007).   

 

Total metal concentrations were analysed for selected samples and all results were compared with 

‘Ecological Investigation Levels’ (EILs) for soils (Department of Environment and Conservation (DEC) 

2010).  The EILs are intended as a guide only, as higher EIL values may be acceptable for some metal 
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concentrations, such as As, Cr, Cu, Ni, Pb and Zn, in areas where soils naturally have high background 

concentrations of these substances (DEC 2010). 

 

Measurements of total metal concentrations of surface samples from the analogue slopes indicated that 

variable levels of Cr, Cu, Pb, Ni, and Zn were present (Table 4).  All soils sampled were below the 

detectable limit for As, Cd, Pb and Hg, however Cr, Cu, Ni and Zn were regularly detected at a reportable 

level.  No metals were measured above the respective EIL. These results are similar to those observed for 

the ‘metamorphic outcrops with rocky soils’ soil-landform association from the Browns Range Baseline Soil 

and Landform Assessment (Outback Ecology 2014). 

 

Table 4: Total metal concentrations (mg/kg) of surface soils from the analogue slope sites 

Site Depth 
(cm) 

Analyte (mg/kg) 

As Cd Cr Cu Pb Ni Zn Hg 

Site 369 
0 to 5 <5 <1 11 <5 <5 <2 <5 <0.1 

10 to 20 <5 <1 10 <5 <5 <2 <5 <0.1 

Site 374 0 to 5 <5 <1 12 7 <5 3 19 <0.1 

LOR (mg/kg) 5 1 2 5 5 2 5 0.1 

EIL (mg/kg) 20 3 1* / 400^ 100 600 60 200 1 
Note:  Values in bold indicate levels detected above Limits of Reporting (LOR), levels above the Ecological Investigation Levels (EIL) 
(DEC, 2010) are highlighted in orange. 
* = EIL for Chromium VI 
^ = EIL for Chromium III 
 

3.3.7 Elemental and radionuclide analysis 

The six samples were sent to Radiation Professionals Pty Ltd for the analysis of: 

 radionuclides – Ra226 and Ra228; and 

 elemental uranium (U) and thorium (Th). 

 

These baseline results are shown in Table 5 below, with the laboratory report included in Appendix E. 

 

Table 5: Elemental and radionuclide results of surface soils from the analogue slope sites 

Site Depth (cm) 
Elemental analysis Radionuclide analysis 

U 
(ppm) 

Th 
(ppm) 

U238 
(Bq/g) 

Th232 
(Bq/g) 

Ra226 
(Bq/g) 

Ra228 

(Bq/g) 

Site 
357 

0 to 5 0.91 9.12 0.01 0.04 0.01 0.04 

10 to 20 1.10 9.73 0.01 0.04 0.01 0.04 

Site 
369 

0 to 5 1.20 12.14 0.01 0.05 0.02 0.05 

10 to 20 2.17 12.27 0.03 0.05 0.03 0.05 

Site 
374 

0 to 5 1.56 11.78 0.02 0.05 0.02 0.05 

10 to 20 1.39 12.70 0.02 0.05 0.02 0.05 
ppm = parts per million 

Bq/g = Becquerel / gram 
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4. CONCLUSIONS AND RECOMMENDATIONS 

4.1 Summary of analogue slope soil characteristics 

The following section provides a summary of the individual measured physical and chemical characteristics 

of surface soils from the three analogue slope sites at Browns Range. 

 

The physical and chemical characteristics of the surface soils sampled from analogue slope Site 369 were: 

 partially dispersive following severe disturbance; 

 moderate amounts of coarse rock fragments; 

 not considered prone to hardsetting; 

 moderately rapid hydraulic conductivity; 

 slightly acidic; 

 non-saline; 

 low in organic carbon content and plant-available nutrients; and 

 non-sodic. 

 

The physical and chemical characteristics of the surface soils sampled from analogue slope Site 357 were: 

 partially dispersive following severe disturbance; 

 moderate amounts of coarse rock fragments; 

 not considered prone to hardsetting; 

 moderately rapid hydraulic conductivity; 

 moderately acidic; 

 non-saline; 

 low in organic carbon content and plant-available nutrients; and 

 non-sodic. 

 

The physical and chemical characteristics of the surface soils sampled from analogue slope Site 374 were: 

 partially dispersive following severe disturbance; 

 high amounts of coarse rock fragments; 

 not considered prone to hardsetting; 

 slightly acidic; 

 non-saline; 

 moderate-to-high in organic carbon content and plant-available nutrients; and 

 non-sodic. 

 

The surface of the three analogue slope sites were typified by a high percentage of coarse rock fragments 

(>75% cover), The surface soils below the rock armour contain a moderate to high amounts of coarse 

fragments material, are non-hardsetting, have a moderately rapid hydraulic conductivity, are non-saline 

and non-sodic, indicating a low inherent erodibility.  While the soils are prone to partial / minor dispersion 

upon severe disturbance, they are considered relatively stable in their natural, undisturbed state.  The data 
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contained within this report should be used as baseline information for future construction, rehabilitation 

and monitoring of reconstructed slopes associated with mining activities in the Project area. 
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Appendix A 
Glossary of terms 

 

 

 

 

 

 

 



 

 

Glossary of terms   

 

Aggregate (or ped) A cluster of primary particles separated from adjoining peds by 

natural planes of weakness, voids (cracks) or cutans. 

 

Clay The fraction of mineral soil finer than 0.002 mm (2 µm). 

 

Coarse fragments Particles greater than 2 mm in size. 

 

Consistence The strength of cohesion and adhesion in soil. 

 

Dispersion The process whereby the structure or aggregation of the soil is 

destroyed, breaking down into primary particles.  

 

Electrical conductivity How well a soil conducts an electrical charge, related closely to 

the salinity of a soil. 

 

 

Massive soil structure Coherent soil, no soil structure, separates into fragments when 

displaced. Large force often required to break soil matrix. 

 

Modulus of Rupture (MOR) This test is a measure of soil strength and identifies the tendency 

of a soil to hard-set as a direct result of soil slaking and 

dispersion. 

 

Organic carbon Carbon residue retained by the soil in humus form. Can influence 

many physical, chemical and biological soil properties.  

Synonymous with organic matter (OM). 

 

Regolith The unconsolidated rock and weathered material above bedrock, 

including weathered sediments, saprolites, organic accumulations, 

soil, colluvium, alluvium and aeolian deposits. 

 

Single grain structure Loose, incoherent mass of individual particles. Soil separates into 

individual particles when displaced. 

 

Slaking The partial breakdown of soil aggregates in water due to the 

swelling of clay and the expulsion of air from pore spaces. 

 

Soil horizon Relatively uniform materials that extend laterally, continuously or 

discontinuously throughout the profile, running approximately 



 

 

parallel to the surface of the ground and differs from the related 

horizons in chemical, physical or biological properties. 

 

Soil pH The negative logarithm of the hydrogen ion concentration of a soil 

solution. The degree of acidity or alkalinity of a soil expressed in 

terms of the pH scale, from 2 to 10. 

 

Soil structure The distinctness, size, shape and arrangement of soil aggregates 

(or peds) and voids within a soil profile. Can be classed as 

‘apedal’, having no observable peds, or ‘pedal’, having observable 

peds. 

 

Soil strength The resistance of a soil to breaking or deformation. ‘Hardsetting’ 

refers to a high soil strength upon drying. 

 

Soil texture The size distribution of individual particles of a soil.  

 

Subsoil The layer of soil below the topsoil or A horizons, often of finer 

texture (i.e. more clayey), denser and stronger in colour. 

Generally considered to be the ‘B-horizon’ above partially 

weathered or un-weathered material.  

 

Topsoil Soil consisting of various mixtures of sand, silt, clay and organic 

matter; considered to be the nutrient-rich top layer of soil – The ‘A-

horizon’.  



 

 

Appendix B 
Outback Ecology soil analysis methods 

 

 

 



 

 

1. Soil texturing 

Soils were worked by hand, and the texture, shearing capacity, particle size and ribbon length were 

observed according to methods described in McDonald et al. (1998) as follows. 
 

Texture 
grade Behaviour of moist bolus Approximate 

clay content Code 

Sand Nil to very slight coherence; cannot be moulded; 
single sand grains adhere to fingers <5 % S 

Loamy sand 
Slight coherence; can be sheared between 
thumb and forefinger to give minimal ribbon of 
about 5 mm 

5 % LS 

Clayey sand 
Slight coherence; sticky when wet; many sand 
grains stick to fingers; discolours fingers with 
stain; forms minimal ribbon of 5 – 15 mm 

5 - 10 % CS 

Sandy loam 
Bolus coherent but very sandy to touch; 
dominant sand grains of medium size and 
readily visible ; ribbon of 15 – 25 mm 

10 – 20 % SL 

Loam 
Bolus coherent and rather spongy; no obvious 
sandiness or silkiness; forms ribbon of about 25 
mm 

25 % L 

Sandy clay 
loam 

Strongly coherent bolus; sandy to touch; ribbon 
of 25 – 40 mm 20 - 30 % SCL 

Clay loam Coherent plastic bolus, smooth to touch, ribbon 
of 25 mm to 40 mm 30 – 35 % CL 

Clay loam, 
sandy 

Coherent plastic bolus, sand grains visible in 
finer matrix, ribbon of 40 - 50 mm; sandy to 
touch 

30 - 35 % CLS 

Light clay Plastic bolus, smooth to touch; slight resistance 
to shearing; ribbon of 50 – 75 mm 35 – 40 % LC 

Light medium 
clay 

Ribbon of about 75 mm, slight to moderate 
resistance to ribboning shear 40 - 45 % LMC 

Medium clay 

Smooth plastic bolus, handles like plasticine and 
can be moulded into rods without fracture; 
moderate resistance to ribboning shear, ribbon 
of 75 mm or longer 

45 – 55 % MC 

Medium heavy 
clay 

Ribbon of 75 mm or longer, handles like 
plasticine, moderate to firm resistance to 
ribboning shear 

>50 % MHC 

Heavy clay Handles like stiff plasticine; firm resistance to 
ribboning shear, ribbon of 75 mm or longer >50 % HC 

 



 

 

2. Emerson dispersion test 

Emerson dispersion tests were carried out on all samples according to the following procedure: 

 

1. A petri dish was labelled 1 to 6.  eg.   

 

2. The petri dish was filled with DI water. 

3. A 3-5mm soil aggregate is taken from each sample and gently placed into the labelled petri dish 

(3 per dish). 

4. Additional aggregates, remoulded by hand, are placed into the labelled petri dish (3 per dish). 

5. Observations are made of the dispersivity or slaking nature of the sample according to the 

following table: 

 

Emerson Aggregate test classes (Moore 1998) 

 

The samples were left in the dish for a 24 hour period, after which the samples were observed 

again and rated according to the above Table. 

 

Class Description 

Class 1 Dry aggregate slakes and completely disperses 

Class 2 Dry aggregate slakes and partly disperses 

Class 3a Dry aggregate slakes but does not disperse; remoulded soil disperses completely 

Class 3b Dry aggregate slakes but does not disperse; remoulded soil partly disperses 

Class 4 
Dry aggregate slakes but does not disperse; remoulded soil does not disperse; 

carbonates and gypsum are present 

Class 5 
Dry aggregate slakes but does not disperse; remoulded soil does not disperse; 

carbonates and gypsum are absent; 1:5 suspension remains dispersed 

Class 6 
Dry aggregate slakes but does not disperse; remoulded soil does not disperse; 

carbonates and gypsum are absent; 1:5 suspension remains flocculated 

Class 7 Dry aggregate does not slake; aggregate swells 

Class 8 Dry aggregate does not slake; aggregate does not swell 

1 
2 

3 4 

5 
6 



 

 

3. Soil electrical conductivity classes  

 
(Based on standard USDA and CSIRO categories) 

EC (1:5) (dS/m) 

Salinity class Sand Sandy 
loam Loam Clay loam 

Light / 
medium 

clay 
Heavy clay 

Non-saline <0.13 <0.17 <0.20 <0.22 <0.25 <0.33 

Slightly saline 0.13-0.26 0.17-0.33 0.20-0.40 0.22-0.44 0.25-0.50 0.33-0.67 

Moderately saline 0.26-0.52 0.33-0.67 0.40-0.80 0.44-0.89 0.50-1.00 0.67-1.33 

Very saline 0.52-1.06 0.67-1.33 0.80-1.60 0.89-1.78 1.00-2.00 1.33-2.67 

Extremely saline >1.06 >1.33 >1.60 >1.78 >2.00 >2.67 

 



 

 

4.  Root abundance scoring 

 
Root abundance is scored on a visual basis within the categories defined by McDonald et al. 1998: 

Score 
Roots per 10 cm2 

Very fine and fine roots Medium and coarse roots 

0 – No roots 0 0 

1 – Few 1 - 10 1 or 2 

2 – Common 10 - 25 2 – 5 

3 – Many 25 - 200 >5 

4 - Abundant >200 >5 
 



 

 

5. General soil pH ratings 

 
These ratings area based on the Land Evaluation Standards for Land Resource Mapping 

categories, (Van Gool et. al. 2005). 

 

The pH of a soil measures its acidity or alkalinity.  The standard method for measuring pH in WA is 

1:5 0.01M CaCl2 (pHCa).  However, in most land resource surveys it has been measured in a 1:5 

soil:water suspension (pHw).  It is preferable to record actual data rather than derived data, 

therefore pH should be recorded according to the method used.  The pH measured using different 

methods should not be compared directly for site investigations.  For general land interpretation 

purposes, the relationship between pHw and pHCa can be estimated by the equation: 

pHCa = 1.04 pHw - 1.28  (Van Gool et. al., 2005) 

 

The most widely available pH measurement is for the surface layer.  However, the pH of the topsoil 

varies dramatically, and based on a comparison of map unit and soil profile data, estimated mean 

values for topsoil pH is commonly underestimated.  Hence it is suggested that only an estimate of 

subsoil pH should be attempted.  Even for subsoil the value can only be used as an indicator 

because pH varies dramatically with land use and minor soil variations. 

 

Soil depth 

The pH should be recorded for each soil group layer (see Section 1.6 and Figure 6).  It is then 

reported at the following predefined depths: 

• 0 - 10 cm (the surface layer); 

• 20 cm (used for assessing subsoil acidity); and 

• 50 - 80 cm. If there is a layer boundary within this depth use the higher value (used for assessing 

subsoil alkalinity). 

 

 Soil pH rating 

 
Very 

strongly 
acid  

(Vsac) 

Strongly 
acid    
(Sac) 

Moderately 
acid   

(Mac) 

Slightly 
acid   

(Slac) 
Neutral  

(N) 
Moderately 

alkaline  
(Malk) 

Strongly 
alkaline 
(Salk) 

pHw < 5.3 5.3 - 5.6 5.6 - 6.0 6.0 - 6.5 6.5 - 8.0 8.0 - 9.0 > 9.0 

pHCa < 4.2 4.2 - 4.5 4.5 - 5.0 5.0 - 5.5 5.5 - 7.0 7.0 - 8.0 > 8.0 
 

 



 

 

Appendix C 
Outback Ecology soil analysis results 

 
 

 

 



 

 

Table C1: Outback Ecology results for soil texture, coarse fragment content, Emerson Class, 
soil strength (MOR) and saturated hydraulic conductivity (Ksat) 

Site Depth 
(cm) 

Soil texture 
(<2 mm fraction) 

% Coarse 
fragments 
(>2 mm) 

Emerson 
Test Class 

MOR 
(kPa) 

Ksat 
(mm/hr) 

369 0-5 Loamy Sand 45.8 5 30.6 31.0 

369 10-20 Sand 52.8 3a 39.6 202.3 

357 0-5 Sand 31.0 3a 28.5 - 

357 10-20 Sandy loam 69.8 3a 18.0 73.8 

374 0-5 Sandy loam 77.2 3a 15.6 - 

374 10-20 Sandy loam 80.1 3a 26.6 - 
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Table D1:  CSBP analyses results 
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Plant-available nutrients (mg/kg) 

O
rg

an
ic

 C
ar

bo
n 

(%
) 

C
on

du
ct

iv
ity

 (d
S/

m
) 

pH
 L

ev
el

 (C
aC

l 2)
 

pH
 L

ev
el

 (H
2O

) 

Particle size distribution Exchangeable cations (meq / 100 
g) 

%
 C

la
y 

%
 C

ou
rs

e 
Sa

nd
 

%
 F

in
e 

Sa
nd

 

%
 S

an
d 

%
 S

ilt
 

Pr
ew

as
h 

ex
ch

. 
C

a 

Pr
ew

as
h 

ex
ch

. 
K

 

Pr
ew

as
h 

ex
ch

. 
M

g 

Pr
ew

as
h 

ex
ch

. 
N

a 

NH4 N P K S 

369 0-5 2 1 2 70 2 0.5 <0.010 4.9 5.9 8.3 19.6 66.9 86.5 5.2 0.66 0.10 0.18 < 0.10 

369 10-20 2 < 1 < 2 60 2.2 0.33 0.012 5.1 6.1 7.9 27.7 61.4 89.1 3.0 0.44 0.07 0.18 < 0.10 

25 a 0-5 1 3 2 113 2.3 0.64 0.016 4.9 5.9 9.0 15.6 72.4 88.0 3.0 0.62 0.16 0.24 < 0.10 

25 a 10-20 2 2 < 2 95 2.9 0.60 0.011 4.6 5.6 - - - - - 0.51 0.14 0.16 < 0.10 

374 0-5 2 9 18 259 3.1 2.35 0.036 5.2 6.2 - - - - - 3.40 0.39 1.01 < 0.10 

374 10-20 3 4 19 221 2.2 1.22 0.023 5.1 6.1 - - - - - 1.60 0.31 0.50 < 0.10 
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A. CLIENT 

 
Company Name:  Outback Ecology 
Address: 41 Bishop Street 
 Jolimont 
 WA 6014 
  
  
B. SAMPLE DESCRIPTION 

 
Matrix:  Solid 
Quantity: 6 
Analysis Required: Radionuclide – Ra226, Ra228 

 Elemental – Uranium and Thorium 
Preparation Required: None Required 
  
C. RECEIVAL 

 
Date: 10th October 2013 
Packaging: Sealed Zip Lock Bags 
Preservation: None Required 
  
C. METHOD REFERENCES 
 
Radionuclide – Method DMS-PROC012-v1.0_Gamma_Spectrometry  
Elemental – Method 4AB/MS Multi Acid Digest + ICPMS 
 
 

 
 
 
 

Analysed by: Ms Danielle Stephen Review by: Mr Anthony O’Brien 
Position: Laboratory Manager Position: Senior Radiation Consultant 
Signature:  Signature: 

 
Date: 12 November 2013 Date: 12 November 2013 
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E. RESULTS 

 

RadPro 
ID 

Client 
Sample 

ID 

Elemental Analysis Radionuclide Analysis 

U 
(ppm) 

Th 
(ppm) 

1 U238 

(Bq/g) 

1 Th232 

(Bq/g) 
Ra226 (Bq/g) Ra228 (Bq/g) 

RP-439 25a 0-5 0.91 9.12 0.01 0.04 0.06 ± 0.04 0.06 ± 0.02 

RP-440 25a 10-20 1.10 9.73 0.01 0.04 0.05 ± 0.03 0.04 ± 0.03 

RP-441 369 0-5 1.20 12.14 0.01 0.05 0.06 ± 0.04 0.08 ± 0.03 

RP-442 369 10-20 2.17 12.27 0.03 0.05 0.05 ± 0.03 0.09 ± 0.04 

RP-443 374 0-5 1.56 11.78 0.02 0.05 0.04 ± 0.03 0.10 ± 0.04 

RP-444 374 10-20 1.39 12.70 0.02 0.05 0.05 ± 0.03 0.08 ± 0.02 
 

 

1
  Derived activity based on assumptions: Isotopic ratios of 99.28% 

238 
U in elemental Uranium, 99.9% 

232
Th in 

elemental Thorium Specific activities of 12,445 Bq/g 
238

U and 4,090 Bq/g 
232

Th. 
*  MDL is 0.01 Bq/g for Ra 228 and 0.01 Bq/g for Ra 226. 

 
 
 
 
 

 
 
 
F. SAMPLE STORAGE 

 
Radiation Professionals reserves the right to return any Radioactive Samples to the client at 
the clients cost.  
 
All Samples will be stored for a period of 30 days from reporting date free of charge. After 
this time Samples will be stored at a rate of 20c per sample per day until written advice 
regarding collection is received. Expenses related to the return of Samples will be charged to 
you at cost price. 
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