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1.0 INTRODUCTION 

AARC Environmental Solutions Pty Ltd (AARC) was commissioned by Mining and Energy Technical 
Services Pty Ltd (METServe), on behalf of Vitrinite Pty. Ltd., owner of Qld Coal Aust No.1 Pty. Ltd. and 
Queensland Coking Coal Pty. Ltd. (Vitrinite), to conduct a Soil and Land Suitability Assessment (SLSA) 
for the proposed Vulcan Complex Project (VCP, the Project). The Project is located north of Dysart and 
approximately 33 km south of Moranbah in Queensland’s Bowen Basin (Figure 1). The Project lies to 
the immediate west of several established mining operations including BHP’s Peak Downs and Saraji 
mines. The closest major town to the site is Emerald, approximately 125 km south of the Project site. 

As part of the Project planning and feasibility assessment, the proponent nominated a considerably 
larger area (the study area) than the proposed Project Mining Lease Application (MLA) area. The 
baseline data collected within this larger study area has been used in the assessment of the Project, 
and for context, as required. Subject to further project planning, the proponent may, in future, utilise this 
baseline information to assess the potential impacts of additional project development opportunities with 
the study area. 

This SLSA documents the nature and distribution of major soil types in the study area and assesses 
their suitability for the land uses of both cattle grazing and dryland cropping. This assessment 
establishes baseline environmental characteristics and values relating to land use and suitability and 
provides recommendations for the management of soil resources within the Project area. 

1.1 OBJECTIVES 

The objectives of the SLSA are to: 

• Describe the agricultural use(s) of the Project site and the surrounding area, including any crop 
rotations; 

• Describe, map and illustrate soil types and profiles according to the Australian Soil and Land 
Survey Field Handbook (National Committee on Soil and Terrain 2009), Guidelines for 
Surveying Soil and Land Resources (McKenzie et. al. 2008) and Australian Soil Classification 
(Isbell 2002); 

• Identify soils that would require specialised management due to wetness, erosivity, depth, 
acidity, salinity or other features; 

• Identify soils from representative samples down the soil profile, based on their physical and 
chemical properties that are likely to, or have potential to be subject to erosion from storm water 
runoff. Similarly, soils proposed to be used for rehabilitation, and particularly where agriculture 
is the final land use, will be assessed for their suitability for this use; 

• Describe and map land suitability classes of the study area in accordance with the Guidelines 
for Agricultural Land Evaluation in Queensland – Second Edition (Draft) (State of Queensland 
2012), and the Technical Guidelines for the Environmental Management of Exploration and 
Mining in Queensland – Land suitability Assessment Techniques (DME 1995); 

• Assess the potential impacts of the Project on the soil and land use values of the area and 
provide recommended mitigation measures to minimise negative impacts; and 

• Include the findings in a stand-alone report suitable for inclusion in an environmental impact 
statement. 
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2.0 PROJECT BACKGROUND 

The Project is situated in the Bowen Basin, central Queensland, approximately 30 km north-east of the 
township of Dysart, 125 km north of Emerald, and 270 km north-west of Rockhampton (Figure 1). The 
Project is to the immediate west of several established mining operations including Peak Downs, Saraji, 
Norwich Park and Caval Ridge. 

The Project will operate for approximately four years and will extract approximately 6 Mt of ROM hard 
coking coal with a thermal by-product at a rate of up to 1.95 Mtpa. Truck and shovel mining operations 
will be employed to develop the pit. ROM coal will be trucked off site for toll washing at a nearby 
facility between Moranbah and Coppabella on the Peak Downs Highway. 

 

 Project Location 

2.1 LOCAL TOPOGRAPHY AND LANDFORM 

The Project lies within the Fitzroy River Basin. This basin encompasses an area of 142,545 km2, and 
contains the Comet, Dawson, Fitzroy, Isaac, Mackenzie and Nogoa Rivers, which make up six sub-
catchment areas (Department of Environment and Science, 2019). 

The Project exists within the Isaac River sub-catchment, which is situated in the northern region of the 
Fitzroy River Basin and has a total area of 22,364 km2. The major water bodies associated with the site 
are the Boomerang and Hughes Creeks. Boomerang Creek dissects the study area in a north-easterly 
direction and flows just to the south of the Project area. Hughes Creek flows in an easterly direction 
across the southern region of the study area. Both creeks form within approximately 10 km beyond the 
western boundary of the study area, flowing east to north-east. Boomerang Creek joins Hughes Creek 
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near the south-eastern boundary of the study area before its confluence with the Isaac River and finally 
the Fitzroy River; eventually flowing to the Pacific Ocean approximately 46 km north of Gladstone. 

The topography within the study area varies from hilly, rocky terrain to the north to flat plains and 
undulating hills to the south, with elevation ranging between 200 m to 400 m above sea level. Vegetation 
in the region includes grassy plains, riparian vegetation and woodlands. 

2.2 REGIONAL GEOLOGY 

The geology of the area is influenced by its position within the Bowen Basin, one of Queensland’s largest 
depositional zones, forming through a period of rifting and subsidence lasting from the Early Permian to 
the Mid-Triassic. The area surrounding the Project is dominated by clastic sedimentary rocks of marine 
and lacustrine origin, including sandstones, mudstones, siltstones and coal (Geoscience Australia 
2019). 

The coal seams found in the east-central part of the Bowen Basin are of Permian age and contain higher 
quality coking coal deposits, with the rank falling below the coking range farther south and west (Hutton, 
2009), (Mutton, 2003). 

The solid geology of the region is described as including: 

• Moranbah Coal Measures – Permian comprising of coal and interseam material composed of 
sandstone, shale, siltstone with minor clay stone; and 

• Back Creek Group – Early to Late Permian comprising of quartzose to lithic sandstone, 
conglomerate, siltstone, carbonaceous shale and coal. 

While surface geology includes the following: 

• Qr – Qr - (QLD) (Qr) – Quaternary clay, silt, sand, gravel and soil with colluvial and residual 
deposits; and 

• TQa – QLD (TQa) – Late Tertiary to Quaternary poorly consolidated sand, silt, clay, minor gravel 
and high-level alluvial deposits. 

 

2.3 REGIONAL CLIMATE 

The regional climate is classified as semi-arid, with characteristic hot summers and mild to warm winters. 
Climate statistics have been sourced from the Bureau of Meteorology for the Clermont Post Office, 
located approximately 77km south-west of the Project. The data indicates average rainfall for the region 
to be approximately 665 mm with a characteristic wet season between November and March. Long term 
temperature statistics demonstrate that the average maximum daily temperature in summer is 34⁰C with 
overnight minimum temperatures averaging at 21⁰C. In winter, the average maximum temperature is 
24⁰C with an average minimum temperature of 8⁰C (Bureau of Meterology, 2019). 
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 Climate statistics (Clermont Post Office) 

2.4 CURRENT LAND USE 

The land within the Project boundary is currently used for low intensity cattle grazing, and small 
commercial operations with few significant disturbances apart from small farm dams and dirt tracks. 

2.5 STRATEGIC CROPPING LAND 

The Regional Planning Interests Act 2014 (RPI Act) is administered by the Department of State 
Development, Manufacturing, Infrastructure and Planning and regulates impacts from resource and 
other regulated activities on identified areas of regional interest. This includes the strategic cropping 
area which consists of areas shown on the strategic cropping land (SCL) trigger map as SCL. SCL is 
land that is, or is likely to be, highly suitable for cropping because of a combination of the land's soil, 
climate and landscape features. 

The Department of Natural Resources, Mines and Energy makes and certifies the SCL trigger map. 
None of the lands within the study area are included within the SCL trigger map. 

2.6 LAND SYSTEMS 

The Report on Lands of The Isaac-Comet Area (Story et al. 1967) mapped at a scale of 1:500,000 

indicates the study area contains the land system units described in the following sections. 

2.6.1 Carborough Land System 

The Carborough Land System is characterised by mountains and hills with broken and dissected local 
relief ranging between 30 m to 400 m. Structural benches and cliffs are common landforms with severe 
weathering occurring in some areas. This mountainous land system has formed shallow coarse-textured 
rocky soils with species such as bloodwood (Corymbia erythrophloia), lancewood (Acacia shirleyi) and 
narrow-leaved ironbark (Eucalyptus crebra) populating the area. A small area of the Carborough Land 
System is also characterised by lower slopes and hills and alluvial flats with a local relief between 10 m 
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to 60 m. Texture-contrast soils have formed in these areas and possess a thick sandy topsoil. Savannah 
woodland dominated by narrow-leaved iron bark (Eucalyptus crebra) is established in this area. 

Geology in this land system is comprised of partly weathered quartz sandstone. 

2.6.2 Connors Land System 

The Connors Land System is characterised by alluvial plains composed of terraces and levees up to 
3 km wide. Texture-contrast soils have developed in this area and are characterised by a thick sandy 
topsoil and neutral to strongly alkaline subsoil. Vegetation consists of savannah woodlands dominated 
by Poplar box (Eucalyptus populnea) and mixed shrub woodland. 

2.6.3 Cotherstone Land System 

The Cotherstone Land System is characterised by hills and prominent strike ridges as well as gentler 
undulating terrain associated with low indefinite strike ridges and colluvial foot slopes. The more 
prominent strike ridges possess a local relief varying between 10 m to 30 m and have developed shallow 
course-textured to rocky soils that support savannah woodland consisting mostly of narrow-leaved iron 
bark (Eucalyptus crebra) and lancewood (Acacia shirleyi). The gentler undulating terrain has a local 
relief of less than 15 m and is associated with texture-contrast soils with a sandy upper-horizon. 
Depending on the steepness of terrain either narrow-leaved iron bark dominated savannah woodland 
(slopes of <10%) or mixed shrub woodland (slopes of <5%) have been established. 

The geology in this land system is weathered Permian sandstone and shale. 

2.6.4 Monteagle Land System 

The Monteagle Land System is predominantly characterised by low-lying plains and colluvial foot slopes 
with local relief generally below 6 m. This land system is associated with texture-contrast soils composed 
of a thick sandy topsoil and neutral to strongly alkaline subsoils. Savannah woodlands consisting largely 
of Poplar box (Eucalyptus populnea) and some narrow-leaved iron bark (Eucalyptus crebra) dominate 
the area. 

Geology in this land system is comprised of undissected Tertiary sandstones and clays. 
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3.0 SOIL SURVEY METHODOLOGY 

3.1 DESKTOP ANALYSIS 

A desktop analysis was conducted prior to field sampling. This analysis was comprised of background 
research and evaluation of available information for the study area. Resources used included: 

• The Digital Atlas of Australian Soils (Bureau of Rural Science, 1991). Australian soils were 
mapped at a scale of 1:2,000,000. Although this scale is broad it provided a good foundation for 
understanding the soils that may be present in the study area region. 

• Government maps featuring regional topography, geology, contour data and watercourse 
locations were used to help refine mapping boundaries, particularly where soil types are a 
function of gradient. 

• Reference information for land systems: Land Systems of the Isaac-Comet Area, Queensland 
(Story et al., 1967). 

• Reference Information for regional geology: Geology of the Bowen Basin, Queensland (Dickins 
and Malone, 1973). 

• Reference information for land management: Understanding and Managing Soils in the Central 
Highlands (Bourne and Tuck, 1993). 

3.2 SURVEY DESIGN 

Methodologies employed throughout this study followed procedures detailed in the Australian Soil and 
Land Survey Field Handbook (National Committee on Soil and Terrain, 2009) and the Guidelines for 
Surveying Soil and Land Resources (McKenzie et al., 2008). The soil survey was based on a free-survey 
technique with soil profile and observation sites located to best represent all soil types present in the 
study area. 

As part of the Project planning and feasibility assessment, the proponent commissioned environmental 
assessments of a considerably larger study area than the proposed MLA Project area. As a result, the 
SLSA study area surveyed comprises a significantly larger area of 10,120 ha which incorporates the 
Project area as well as lands lying predominantly to the west and south of the Project area. 

Mapping scales for the study area were selected in order to satisfy the requirements of an environmental 
impact statement taking into consideration available resources, land access and soil complexity. For the 
study area, a scale between 1:25,000 to 1:100,000 was deemed most appropriate. This scale was 
selected based on information contained within the Guidelines for Surveying Soil and Land Resources 
(McKenzie et al., 2008). The final mapping scale of 1:85,000 for the study area fell within the specified 
range. 

To achieve a mapping scale of 1:25,000 to 1:100,000, McKenzie et al. (2008) suggest a minimum 
recommended sampling density of one site per 25 hectares (ha) with data collection comprising detailed 
soil profile descriptions (15 to 35% of sites), representative profile sampling for lab analysis (1 to 5%) 
and mapping observations sites (55 to 83%). 

The number of sites surveyed for the SLSA (refer Table 1) exceeded these minimum requirements. 
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Survey Site Scale 
Detailed 

Soil 
Profiles 

Representative 
Profiles for 

Analysis 

Mapping 
Observations Total 

Study Area 
(10,120 ha) 1:100,000 42 12 66 121 

3.3 FIELD INVESTIGATIONS 

AARC undertook field sampling at the Project from 19 to 26 July 2019, consisting of both primary 
sampling sites (profiles) and secondary visual assessments (observations). 

Sampling site locations were determined based on the desktop analysis, land management units, 
landform and vehicle access. Visual assessments were conducted continually while traversing the 
landscape to confirm major soil types and boundaries between soil units. The GPS coordinates of each 
location were recorded. 

Detailed soil profiles were undertaken at 42 sites within the Project boundaries. A jackhammer-operated 
soil corer was used to excavate cores to a maximum depth of 120 cm. Soil samples were collected from 
profiles at standard depths of 0-10 cm, 20-30 cm, 50-60 cm, 80-90 cm and 110-120 cm where possible. 
Samples were sealed in clean, plastic zip-lock bags and labelled with the site number, date, depth of 
sampling and the initials of the sampler. 

Parameters recorded included micro relief, permeability, drainage, substrate, site disturbance, landform 
(slope percentage, relief, elevation, morphological type, landform element and landform pattern), runoff, 
erosion, surface coarse fragments, rock outcrops, surface condition and dominant vegetation type. Soil 
profile morphology was described in the field in terms of horizon type, horizon depth, boundary, colour, 
mottles, texture, coarse fragments, structure, segregations, consistency and field pH. 

3.4 LABORATORY ANALYSIS 

Samples from a total of 12 representative sites were chosen for analysis through Australian Laboratory 
Services for NATA approved physical and chemical analyses. Samples from all standard depths at the 
chosen sites were analysed to: 

• Confirm the classification of the described soil profile; 

• Assist in the description of soil characteristics; 

• Assist in the determination of land suitability classes; 

• Assist in the determination of topsoil and subsoil as a suitable topdressing media; and 

• Assist in the identification of soils that would require specialised management. 

Physical and chemical parameters analysed for all samples included: 

• pH; 

• Electrical conductivity (EC); 
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• Moisture content; 

• Chloride (soluble); 

• Exchangeable cations (Ca, Mg, Na, K); 

• Cation Exchange Capacity (CEC); and 

• Exchangeable Sodium Percentage (ESP). 

Additional physical and chemical parameters analysed for topsoil samples included: 

• Organic matter (%); 

• Particle Size Analysis (PSA); 

• Extractable trace elements/metals (Fe, Cu, Zn, Mn); 

• Boron (CaCl2 extractable); 

• N as nitrate; 

• SO4 (water soluble S as sulphate); 

• Phosphorus and potassium (Colwell); and 

• Emerson Class. 

3.5 CHARACTERISATION OF SOIL MANAGEMENT UNITS 

Soil classification was undertaken using the methodologies specified in The Australian Soil Classification 
(Isbell 1996). Soil Management Units (SMUs) were then defined based on grouping soils of like soil 
morphology, parent material, and land attributes in accordance with the Guidelines for Surveying Soil 
and Land Resources (McKenzie et al. 2008). Each SMU has been described in terms of its soil profile 
class with the attributes and limitations of the soil interpreted using the Guidelines for Agricultural Land 
Evaluation in Queensland – Second Edition (DSITI and DNRM 2015) to determine their suitability for 
cattle grazing and broadacre cropping. SMUs were mapped at a scale of 1: 85,000 across the study 
area. 

3.6 INTERPRETATION OF CHEMICAL DATA 

The characteristics and chemical data for each SMU have been described in Section 4.0. The following 
guidelines were used to assist in interpretation of the SMU physical and chemical properties and to 
determine ratings and categories of the assessed soil parameters. 

• Interpreting Soil Test Results (Hazelton and Murphy 2016); 

• Soil Chemical Methods of Australasia (Rayment GE and Lyons D 2011); and 

• Standard Soil Test Methods and Guidelines for Interpretation of Soil Results (Government of 
South Australia 2013). 

Broad descriptions for each soil parameter have been provided below and where applicable, a summary 
of the rating system used. 
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3.6.1 pH 

Soil pH influences the availability of plant available nutrients and toxic elements by controlling the 
solubility of these elements. At extreme pH, the availability of essential plant nutrients can be severely 
reduced while toxic elements can become mobile within the soil solution. The soil pH ratings used are 
shown in Table 2. In general, a suitable soil pH ranges from 5.5 – 9.0 as at this pH all essential nutrients 
are available to some degree. 

 

pHwater Rating Soil Chemistry Indications 

< 4.0 Very strongly acid Typical of disturbed acid sulphate soils 

4.0 to < 5.0 Strongly acid Acidified soils 

5.0 to < 6.0 Moderately acid 

Range most suitable for plant growth 

6.0 to < 7.0 Slightly acid 

7.0 Neutral 

> 7.0 to < 8.0 Slightly alkaline 

8.0 to < 9.0 Moderately alkaline 

9.0 to 10.0 Strongly alkaline Some nutrients becoming unavailable, 
indication of sodicity 

> 10.0 Very strongly alkaline Extreme pH, high sodicity and carbonates 

 

3.6.2 Electrical Conductivity 

EC provides an indication of the presence of soluble salts in the soil profile. High levels of soluble salts 
can interfere with the osmotic capacity of plants. This compromises the plants ability to take up water 
as needed resulting in water stress regardless of the water content in the soil. The texture of soil needs 
to be considered when interpreting EC as the clay content determines the amount of salt present that 
will affect plant growth. Table 3 provides soil salinity ratings sourced from Rayment GE and Lyons D 
(2011). 

 

Soil Salinity Rating 10 - 20% Clay 20 - 40% Clay 

Very Low < 0.07 < 0.09 

Low 0.07 - 0.15 0.09 - 0.19 

Medium 0.15 - 0.34 0.19 - 0.45 

High 0.34 - 0.63 0.45 - 0.76 

Very High 0.63 - 0.93 0.75 - 1.21 

Extreme > 0.93 > 1.21 
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3.6.3 Chloride 

Chloride is associated with EC as soluble salts contain chloride, thus the presence of soluble salts in 
soils is directly proportional to chloride in soil. A high chloride concentration can induce chloride toxicity 
and interfere with the osmotic capacity of plants. Table 4 below provides chloride ratings (Rayment and 
Bruce, 1984). 

 

Chloride Rating Cl Concentration (mg/kg) 

Very Low < 100 

Low 100 - 300 

Medium 300 - 600 

High 600 - 2,000 

Very High > 2,000 

                     

3.6.4 Cation Exchange Capacity and Exchangeable Cations 

CEC is an indication of the soil’s capacity to adsorb cationic nutrients to the surface of soil particles. 
This process of adsorption prevents nutrients leaching from the soil and buffers the concentration of 
plant available nutrients in the soil solution. A high CEC of the soil contributes to larger quantities of 
exchangeable cations (Ca, K, Mg, Na) available. The ratio of cations on the exchange is also an 
important consideration as cations that dominate the exchange can interfere with the availability of other 
cations. Table 5 and Table 6 provide ratings for soil CEC and extractable cations sourced from the guide 
Interpreting Soil Test Results (2016). 

 

CEC Rating CEC (cmol(+)/kg) 

Very Low < 6 

Low 6 - 12 

Medium 12 - 25 

High 25 - 40 

Very High > 40 
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Cation  Very Low  Low Moderate  High  Very High  
Ideal range 

(% of CEC) 

Ca 0 - 2 2 - 5 5 - 10 10 - 20 > 20 65 - 80 

K 0 - 0.2 0.2 - 0.3 0.3 - 0.7 0.7 - 2 > 2 1 - 5 

Mg 0 - 0.3 0.3 - 1 1 - 3 3 - 8 > 8 10 - 15 

Na 0 - 0.1 0.1 - 0.3 0.3 - 0.7 0.7 - 2 > 2 < 1 

 

3.6.5 Exchangeable Sodium Percentage 

ESP is defined as the amount of exchangeable sodium as a percentage of the total CEC of the soil. It 
provides a measure of how much of the CEC of the soil is dominated by sodium. Due to the chemical 
characteristics of sodium ions, an increasing ESP indicates increasing sodicity thus increasing the risk 
of dispersion. Table 7 provides ESP ratings sourced from the guide Interpreting Soil Test Results (2016). 

 

ESP (%) ESP Rating 

< 6 Non-sodic 

6 - 15 Sodic 

> 15 Strongly sodic 

 

3.6.6 Organic Matter 

Organic matter is an essential constituent of soil. It is an important component of microbial processes 
and nutrient cycling. Furthermore, it contributes to the ability of a soil to buffer changes to pH and nutrient 
content and supports the aggregation of soils thereby improving the structural stability of the soil. Table 
8 provides soil organic matter ratings sourced from the guide Interpreting Soil Test Results (2016). 

 

Organic Matter Rating Organic Matter Content (g/100 g) 

Extremely low < 0.7 

Very low 0.7 - 1 

Low 1 - 1.7 

Moderate 1.7 - 3 

High 3 - 5.15 

Very High > 5.15 
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3.6.7 Particle Size Analysis 

Particle size analysis determines the percentage composition of sand, silt and clay sized particles which 
controls the soil texture. Soil texture influences the structural stability and water holding characteristics 
of a soil as the particle size distribution influences the porosity and permeability of soil. 

3.6.8 Extractable trace elements/metals 

Trace elements such as copper, iron, manganese, zinc and boron are essential nutrients required for 
plant growth, although needed in much smaller quantities than exchangeable cations. Table 9 provides 
trace element/metal ratings sourced from the guide Standard Soil Test Methods and Guidelines for 
Interpretation of Soil Results (2013). 

 

Trace Element/Metal Rating Concentration 

Boron 
Low < 0.5 

High > 15 

Copper 
Low < 0.3 

High > 1 

Iron 
Low < 10 

High > 70 

Manganese 
Low < 1 

High > 10 

Zinc 
Low < 0.5 

High > 1 

 

3.6.9 Nitrate 

Nitrate is a plant-available form of nitrogen. It is an essential nutrient and is often the most limiting to 
plant growth. It is also susceptible to nitrification and leaching which reduces nitrate concentration in 
soil. Table 10 provides soil nitrate ratings sourced from the guide Interpreting Soil Test Results (2016). 

 

Rating Nitrate Concentration (mg/kg) 

Very low 0 - 6 

Low 7 - 15 

Moderate 16 - 22 

High 23 - 30 

Very High > 30 
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3.6.10 Sulphate 

Sulphate is another essential plant nutrient and has a similar behaviour to nitrate in that it is susceptible 
to leaching and is important in microbial processes. Table 11 provides soil sulphate ratings sourced from 
Government of South Australia (2013). 

 

Rating Sulphate Concentration (mg/kg) 

Low < 5 

Marginal 5 - 10 

High > 10 

 

3.6.11 Phosphorous and Potassium 

Both phosphorous and potassium are the next most essential nutrients after nitrogen and sulphate. 
Phosphorous and potassium are involved in several chemically- and microbially-driven processes within 
the soil with most forms of these nutrients being unavailable for plant uptake. Table 12 and Table 13 
provide ratings for soil phosphorous and potassium levels sourced from the guide Interpreting Soil Test 
Results (2016). 

 

Rating Phosphorous Concentration (mg/kg) 

Very low < 5 

Low 5 - 10 

Moderate 10 - 17 

High 17 - 25 

Very High > 25 

 

 

Soil Texture Critical Concentration (mg/kg)* 

Sand 126 

Sandy loam 129 

Sandy clay loam 143 

Clay loam  161 
  * Critical concentration is that concentration where 95% of maximum yield is achieved 
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3.6.12 Emerson Class 

Emerson class is a class assigned to soil that is determined on the stability of dry aggregates in water. 
The Emerson Class Number of a soil is assigned as an indication of the dispersion and slaking ability 
of a soil. Table 14 below describes the Emerson Dispersion Class (Emerson 1967). 

 

Emerson Aggregate 
Class Level of Dispersion 

1 Slaking and complete dispersion 

2 Slaking and some dispersion 

3 Slaking and no dispersion 

4 CaCO3/CaSO4 present. No dispersion at field capacity 

5 No CaCO3/CaSO4 present. No dispersion at field capacity, however, dispersion in an 
aggregate-water suspension 

6 No CaCO3/CaSO4 present. No dispersion at field capacity, however, flocculation in an 
aggregate-water suspension 

7 No slaking and swelling 

8 No slaking and no swelling 
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4.0 SOIL SURVEY RESULTS 

Eight SMUs have been described within the study area. Table 15 provides an overview of each SMU 
and its extent within the study area and Table 16 lists the SMUs present within the Project area. The 
spatial distribution of the SMUs has been mapped at a scale of 1:85,000 and is illustrated in Figure 3. 
The coordinates for each sampling site have been provided in Appendix D. 

 

SMU Surface Area (ha) Per cent of Study Area (%) 

Crocodile 2,524 24.9 

Fish 77 0.8 

Kei 140 1.4 

Komati 263 2.6 

Limpopo 3,328 32.9 

Orange 474 4.7 

Sabie 1,869 18.5 

Zambezi  1,445 14.3 

Total Area 10,120 100 

 

 

SMU Surface Area (ha) Per cent of Project Area (%) 

Limpopo 392 96 

Zambezi  16 4 

Total Area 408 100 
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 Distribution of Soil Management Units (1:85,000)
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4.1 CROCODILE SOIL MANAGEMENT UNIT 

Soil Unit Description 

A shallow rocky soil unit associated with hill slopes and plateaus. Soil textures grade from loam at the 
surface, to loamy sands with depth; often containing rock material with little to no pedologic development 
throughout the solum. Vegetation associated with this unit includes Eucalyptus crebra and Bloodwood 
Corymbia erythrophloia. 

 

 

Parameter Soil Unit Description 

Profile Site Numbers VP3, VP4, VP5, VP6, VP8 

Observation Site Numbers OP1, OP3, OP6, OP8, OP10, OP14, OP15, OP16 

Landform Rises and Plateaus  

Australian Soil Classification Arenic Rudosol 

Land System Carborough Land System  

Slope 1 to 10% 

Geology Back Creek Group  

Vegetation Narrow-leaved ironbark (Eucalyptus crebra), Bloodwood 
(Corymbia erythrophloia) 

Runoff Moderate  

Permeability Low to moderately permeable  

Drainage Moderate to rapidly drained 

 Crocodile SMU Vegetation 
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Profile Description – Representative Sites VP5 and VP8 

 

 
The surface soil (A11/A11r/A12) is a black to very dark greyish 
brown (10YR2/1, 10YR3/2) sand to sandy loam with loose to weak 
polyhedral structure with some profiles containing moderately 
strong to strong sub-angular rock material. The soil unit has a field 
pH of 4.5 - 5.5, demonstrating an abrupt to clear change to; 

The lower surface soil (A2r) is not a common horizon observed for 
this SMU. It is a dark brown (10YR3/3) loamy sand with an 
abundance (comprising 50 - 90% of this horizon) of moderately 
strong coarse fragments approximately 2 - 6 cm in diameter. It has 
loose structure and a field pH of 5.5 to 5.0. Gradual change to; 

The subsoil (B2w/B2r) is a dark greyish to reddish brown 
(10YR3/2, 2.5YR2.5/4) loamy sand to clay loam with weak to 
moderate polyhedral structure. It can contain rounded to angular 
course fragments which make up < 10% of the horizon. This horizon 
has a field pH of 4.5 to 5.5, with a gradual change to; 

The lower profile (C) contains either consolidated or 
unconsolidated partly weathered rock material that appear to have 
originated from underlying sandstone and siltstone with some 
profiles possessing an overlying transitionary horizon (B3r). 
Depending on the rock material present, this horizon can range 
from dark red to light yellow-brown colour. 
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Chemical and Physical Analysis 

 

Representative site: VP5 

Depth  pH EC Cl ESP% Moisture 

(m) # Rating dS/m Rating (mg/kg) % Rating (%)  

0 - 0.1 5.4 Strongly 
Acid 0.014 Low < 10 1.5 Non-sodic 2.9 

0.2 - 0.3 5.4 Strongly 
Acid 0.007 Very low  < 10 1.3 Non-sodic 2.6 

0.5 - 0.6 5.6 Moderately 
Acid 0.006 Very low  < 10 1.5 Non-sodic 1.9 

Depth  CEC Exchangeable Cations (meq/100g) Emerson 
Class No. 

(m) meq / 
100g Rating Ca Mg K Na Ca/Mg 

Ratio 
 

0 - 0.1 7.3 Low 3.1 1.5 0.8 0.1 2.1 8 

0.2 - 0.3 3.1 Very Low 0.1 1 0.2 < 0.1 < 0.1 7 

0.5 - 0.6 2.4 Very Low < 0.1 1 0.1 < 0.1 < 0.1 7 

Nutrient Distribution in Topsoil 
(%) 42.5% 20.6% 10.9% 1.4%  

 

The Crocodile SMU is strongly acidic throughout the solum with only a minor increase in pH at depth. In 
the upper part of the profile (to an approximate depth of 0.3 m), this has the potential to limit the 
availability of essential nutrients and increase the risk of aluminium toxicity. Throughout the profile, both 
EC and chloride concentration remain very low with EC ranging between 0.014 dS/m in the topsoil to 
0.006 dS/m at depth and chloride concentration remaining below 10 mg/kg. This indicates this SMU is 
not affected by issues associated with salinity and toxic chloride concentrations (Rayment and Lyons 
2011). 

CEC levels for this SMU are considered low (7.3 meq/100g) and decrease to 2.4 meq/100g with depth. 
All extractable cations except sodium (Na) fall below suitable plant concentrations according to 
(Hazelton and Murphy, 2016) These low CEC values can be attributed to the predominantly sandy 
texture of this SMU. The distribution of exchangeable cations within the topsoil indicate a misbalance 
between nutrients with the proportion of K on the exchange lower than ideal while all other cations are 
higher (Hazelton and Murphy, 2016). However, this is not likely to have a negative effect on soil quality 
due to low ESP values and Emerson class numbers. 

The calcium to magnesium ratio (Ca/Mg) indicates that, relative to Mg, soil Ca concentration is 
considered low to deficient. This is not expected to affect plant growth in the topsoil; however, Ca 
concentration decreases below 0.5 meq/100g in the subsoil which may have potential to impact growth. 
Although the Ca:Mg ratio in the subsoil indicates that it has the potential to enhance sodicity (Ca/Mg 
<1), ESP values fall below 4% thus the risk of dispersion is extremely low. This is supported by the 
Emerson Class Number. 
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Particle Size Analysis % 
Soil Particle 

Density (g/cm3) Organic Matter (%) 
Clay Silt Sand Gravel   

8 10 52 30  1.88 3.5 

Extractable Nutrients (mg/kg) Extractable Metals (mg/kg) 

Phosphorous Potassium Sulphate Nitrate B Cu Fe Mn Zn 

8 617 < 10 22 < 0.2 < 1 89.6 9.81 < 1 

 

The topsoil is dominated by sand (52%) and gravel (30%) with 10% silt and 8% clay. This particle size 
distribution could limit the ability of the soil to hold and store plant available water. Organic matter content 
is considered as high providing a buffering capacity to pH changes, as well as imparting good structural 
stability and enhancing the capacity of the soil to retain nutrients and water. Regardless, the sandy 
composition of the surface horizon is a key limitation to the water holding capacity of a soil. 

According to guidelines (Hazelton and Murphy, 2016), extractable nutrients measured in the SMU, with 
the exception of potassium (617 mg/kg), indicate poor growing conditions with phosphorous (8 mg/kg), 
nitrate (2.2 mg/kg) and sulphate (<10 mg/kg) considered to be outside the ideal range for plant life. In 
terms of extractable metals, iron (Fe) and manganese (Mn) fall within an acceptable range for plant 
growth with copper (Cu) and zinc (Zn) considered below plant suitable levels (Government of South 
Australia, 2013). 
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4.2 FISH MANAGEMENT UNIT 

Soil Unit Description 

Predominantly sandy soil unit occurring on the flats of the south-eastern end of the study area. Soil 
textures grade from loamy sand at the surface, to clay and silty sands with depth. Vegetation associated 
with this unit includes largely Acacia excelsa and Eucalyptus populnea. 

 

 

Parameter Soil Unit Description 

Profile Site Numbers VP27 

Observation Site Numbers OP46, OP50, OP51, OP52 

Landform Plains  

Australian Soil Classification Grey Kurosol 

Land System Cotherstone Land System  

Slope 0% 

Geology Back Creek Group  

Vegetation Rosewood (Acacia excelsa), Poplar Box (Eucalyptus populnea) 

Runoff Slow to moderate  

Permeability Moderately permeable  

Drainage Moderate to well drained 

 Fish SMU Vegetation 
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Profile Description – Representative Sites VP27 

 

 
The surface soil (A1) is a dark grey (10YR4/1) loamy sand with 
weak platy structure with the deeper horizons of the profile 
exhibiting diffuse red to orange mottling. It has a field pH of 5.5 to 6, 
demonstrating a clear change to; 

The lower surface soil (A2) is a grey (10YR5/1) clayey loam sand. 
This horizon has a weak polyhedral structure and a field pH of 5.5. 
Abrupt change to; 

The subsoil (Br) is a grey (10YR5/1) silty clay loam with moderate 
polyhedral structure. This horizon has minor occurrence of indistinct 
red and orange mottle with diameters of <1.5cm. This horizon has 
a field pH of 4.5 to 5.5. 
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Chemical and Physical Analysis 

 

Representative site: VP27 

Depth pH EC Cl ESP% Moisture 

(m) # Rating dS/m Rating (mg/kg) % Rating (%) 

0 - 0.1 5.5 Moderately 
Acid 0.046 Very low 40 5.2 Non-sodic 1 

0.2 - 0.3 5.2 Strongly 
Acid 0.042 Very low 50 8.2 Sodic 4.3 

0.5 - 0.6 5.3 Strongly 
Acid 0.059 Very low 110 8.9 Sodic 5.3 

Depth  CEC Exchangeable Cations (meq/100g) 
Emerson 
Class No. 

(m) meq / 
100g Rating Ca Mg K Na Ca/Mg 

Ratio 

0 - 0.1 2.5 Very Low 1.3 1 0.1 0.1 1.3 3 

0.2 - 0.3 4.2 Very Low 0.6 2.4 < 0.1 0.3 0.2 3 

0.5 - 0.6 4.9 Very Low 0.6 3.5 < 0.1 0.4 0.2 3 

Nutrient Distribution in 
Topsoil (%) 52.0% 40.0% 4.0% 4.0%  

 

The pH of the Fish SMU is considered strongly acidic throughout the profile, becoming more severe with 
depth to the point of introducing a risk of aluminium toxicity (pH less than 5.5). All EC values are very 
low which indicate the soil will not be at risk to issues associated with salinity. Chloride values are also 
very low and are not expected to compromise the plant environment (Rayment and Lyons, 2011). 

The CEC of this soil indicates low availability of plant nutrients with all values considered below suitable 
levels according to guidelines (Hazelton and Murphy, 2016). There is a slight increase in CEC with depth 
which is likely attributed to the slight increase in clay content in deeper horizons. Of the exchangeable 
cations, both potassium and calcium rate as very low with manganese and sodium content considered 
moderate in the topsoil but increasing to high levels at depth. Nutrient distribution in topsoil indicates 
magnesium occupies a large proportion of the exchange capacity of the soil, contributing to the low 
Ca/Mg ratio. 

Soil ESP values increase to what is considered sodic with depth. The very low Ca/Mg ratio in conjunction 
with an Emerson Class Number of 3 indicate that the subsoil of this unit is at risk of dispersion. 
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Particle Size Analysis % 
Soil Particle 

Density (g/cm3) Organic Matter (%) 
Clay Silt Sand Gravel   

15 23 60 2  2.37 2.5 

Extractable Nutrients (mg/kg) Extractable Metals (mg/kg) 

Phosphorous Potassium Sulphate Nitrate B Cu Fe Mn Zn 

< 5 < 100 30 0.3 < 0.2 < 1 163 5.16 < 1 

 

The surface soil is dominated by sand (60%) and silt (23%) with 15% clay and 2% gravel. Moderate 
organic matter content offers adequate structural stability while ESP and the Ca/Mg ratio indicate that 
the topsoil is at risk of becoming dispersive if physically disturbed. 

All extractable nutrients in this SMU are deficient with phosphorous, potassium and nitrate expected to 
be severely limiting to plant growth. The extractable metals iron, zinc and manganese are deemed 
adequate for plant growth, however, both copper and boron are considered deficient (Government of 
South Australia, 2013) 
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4.3 KEI MANAGEMENT UNIT 

Soil Unit Description 

Brown coloured soil unit occurring on the flats of the south-eastern end of the study area. Soil textures 
grade from clayey to loamy sands at the surface, to medium clay with depth and orange to yellow mottles 
present in the deeper horizons. Vegetation associated with this unit largely includes Eucalyptus 
populnea. 

 

 

Parameter Soil Unit Description 

Profile Site Numbers VP26, VP30 

Observation Site Numbers OP30, OP52, OP58 

Landform Plains  

Australian Soil Classification Brown chromosol 

Land System Cotherstone Land System  

Slope 0% 

Geology TQa – Tqa - QLD  

Vegetation Poplar Box (Eucalyptus populnea) 

Runoff Slow to moderate  

Permeability Moderately permeable  

Drainage Moderately well drained 

  

 Kei SMU Vegetation 
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Profile Description – Representative Sites VP26 and VP30 

 

 
The surface soil (A11/A12) is a very dark greyish brown to dark 
yellowish brown (7.5YR3/2, 7.5YR3/4) clayey sand to sandy loam 
with a loose to weak platy structure. It has a field pH of 6 to 7, 
demonstrating a gradual to diffuse change to; 

The lower surface soil (A2e) is a bleached brown (10YR4/4) 
loamy sand. This horizon has a loose structure and a field pH of 
7-7.5. Clear to gradual change to; 

The subsoil (B2w) is a dark greyish brown (10YR4/2) silty clay 
loam to medium clay with moderate strength polyhedral structure. 
This horizon has occurrence of faint yellow and orange mottles 
with diameters of <1.5cm. This horizon has a field pH of 7 to 7.5. 
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Chemical and Physical Analysis 

 

Representative site: VP30 

Depth  pH EC Cl ESP% Moisture 

(m) # Rating dS/m Rating (mg/kg) % Rating (%)  

0 - 0.1 6.4 Slightly Acid 0.013 Very low < 10 1 Non-sodic 1.5 

0.2 - 0.3 7 Neutral 0.014 Very low < 10 1.4 Non-sodic 2.4 

0.5 - 0.6 7.4 Slightly 
Alkaline 0.009 Very low < 10 < 0.2 Non-sodic 1.7 

0.8 - 0.9 8.6 Moderately 
Alkaline 0.101 Low 20 < 0.2 Non-sodic 8 

Depth  CEC Exchangeable Cations (meq/100g) 
Emerson 
Class No. (m) meq / 

100g Rating Ca Mg K Na Ca/Mg 
Ratio 

0 - 0.1 4.5 Very Low 2.9 1.1 0.5 0.1 2.6 3 

0.2 - 0.3 4.4 Very Low 2.8 1.1 0.5 < 0.1 2.5 3 

0.5 - 0.6 1.5 Very Low 1.5 < 0.2 < 0.2 < 0.2 < 7.5 3 

0.8 - 0.9 9.4 Low 8.4 0.6 0.4 < 0.2 12.9 4 

Nutrient Distribution in Topsoil 
(%) 64.4% 24.4% 11.1% 2.2%  

 

The Kei SMU has a neutral to slightly acidic pH in the upper horizons with an increase in alkalinity with 
depth. The pH in the upper 0.6 m is not considered plant limiting, however, in the deeper horizons of the 
profile this has potential to reduce plant available nutrients. This soil unit is not likely to be affected by 
issues associated with salinity and chloride toxicity with EC and chloride well within appropriate bounds 
(Rayment and Lyons 2011). ESP values in conjunction with the Ca/Mg ratio indicate a very low risk of 
dispersion throughout the entire profile. 

CEC values in the upper 0.6 m of the profile are all very low (CEC less than 6) indicating that the soil 
has a poor ability to retain nutrients (Hazelton and Murphy, 2016). The CEC of soil is considered low 
with calcium, manganese and potassium below levels ideal for plant growth. Nutrient holding capacity 
and exchangeable cation content increase below this depth. The distribution of nutrients in the topsoil 
reflects an adequate balance of nutrients on the soil exchange with only potassium above the ideal 
proportion. This is not anticipated to influence the risk of dispersion of the soil (Hazelton and Murphy, 
2016). 
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Particle Size Analysis % 
Soil Particle 

Density (g/cm3) Organic Matter (%) 
Clay Silt Sand Gravel   

12 25 62 1  2.31 2.4 

Extractable Nutrients (mg/kg) Extractable Metals (mg/kg) 

Phosphorous Potassium Sulphate Nitrate B Cu Fe Mn Zn 

< 5 477 < 10 0.7 < 0.2 < 1 30.6 13.8 1.52 

 

The surface soil of this unit is predominantly comprised of sand-sized particles (62%) with 25% silt, 12% 
clay and 1% gravel which is a contributing factor of the very low CEC. The topsoil is non-sodic with a 
Ca/Mg ratio above 2. This, along with the moderate organic matter content of 2.4%, indicates this soil is 
not likely to disperse. 

The low phosphorous and nitrate concentration of the soil suggest deficiency in these nutrients which 
may be limiting to plant growth (Hazelton and Murphy 2016). Both potassium and sulphate content are 
within acceptable bounds for plant growth. Excluding manganese and boron, all extractable metals are 
sufficiently concentrated in the soil with boron likely deficient (<0.5 mg/kg) and manganese content rated 
high (>10 mg/kg) which has potential to induce manganese toxicity in plants (Government of South 
Australia, 2013). 
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4.4 KOMATI MANAGEMENT UNIT 

Soil Unit Description 

Dark brown coloured soil unit displaying vertic properties. Soil textures predominantly grade from light 
to medium clays with calcareous segregations occurring within the deeper horizons. Vegetation 
associated with this unit includes Eucalyptus papuana and open grassland. 

 

 

Parameter Soil Unit Description 

Profile Site Numbers VP32, VP34, VP39 

Observation Site Numbers OP23, OP24, OP25, OP42, OP43, OP65 

Landform Plains  

Australian Soil Classification Brown Vertosol 

Land System Monteagle Land System  

Slope 0% 

Geology Qr - Qr - QLD  

Vegetation Dallachy’s ghost gum (Eucalyptus papuana), grasses and 
shrubs  

Runoff Slow  

Permeability Slowly permeable  

Drainage Imperfectly to moderately well drained 

 

 Komati SMU Vegetation 
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Profile Description – Representative Sites VP32 and VP39 

 

 
The surface soil (A1) is black to a very dark brown (7.5YR2.5/1, 
7.5YR3/3) sandy clay loam to light medium clay with a polyhedral 
structure of moderate strength. It has a field pH of 7 to 8.5, 
demonstrating a clear to abrupt change to; 

The lower surface soil (A2 or A2k) this horizon was not observed 
in all profiles of this SMU. It is a brown to very dark brown 
(7.5YR4/4, 10YR2/2) light medium to medium clay with a 
moderately strong polyhedral structure and a field pH of 8 - 8.5. 
Some profiles display a minor occurrence (< 10%) of calcareous 
segregations. Clear to gradual change to; 

The subsoil (B21k, B22k, B23k) is separated into several B2 
horizons depending on colour, however, all contain an abundance 
of calcareous segregations (20 - 50% of the horizon). Colours 
range from strong browns (7.5YR4/6, 7.5YR5/6) to browns and 
light browns 7.5YR4/4, 7.5YR6/4). Textures grade as medium clay 
with moderate strength lenticular to polyhedral structure. This 
horizon has a field pH of 8.5 to 9. 
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Chemical and Physical Analysis 

 

Representative site: VP32 

Depth  pH EC Cl ESP% Moisture 

(m) # Rating dS/m Rating (mg/kg) % Rating (%)  

0 - 0.1 6.8 Neutral 0.011 Very low < 10 2.4 Non-sodic 2.4 

0.2 - 0.3 8.5 Moderately 
Alkaline 0.142 Low 80 13 Sodic 7.8 

0.5 - 0.6 9.5 Strongly 
Alkaline 0.582 High 620 18.2 Strongly 

Sodic 8 

0.8 - 0.9 9.5 Strongly 
Alkaline 0.641 High 730 21.6 Strongly 

Sodic 7.6 

Depth  CEC Exchangeable Cations (meq/100g) 
Emerson 
Class No. 

(m) meq / 
100g Rating Ca Mg K Na Ca/Mg 

Ratio 

0 - 0.1 7 Low 3.7 3 0.2 0.2 1.2 3 

0.2 - 0.3 16.4 Moderate 4.3 10 < 0.2 2.1 0.4 3 

0.5 - 0.6 15.3 Moderate 3 9.5 < 0.2 2.8 0.3 4 

0.8 - 0.9 14.9 Moderate 2.1 9.6 < 0.2 3.2 0.2 4 

Nutrient Distribution in 
Topsoil (%) 52.9% 42.9% 2.9% 2.9%   

 

The Komati SMU is predominantly a strongly alkaline unit with pH ranging from 6.8 (neutral) at the 
surface to 9.5 (very strongly alkaline) in the subsoil. The higher pH has the potential to severely reduce 
the availability of essential plant nutrients such as nitrogen and phosphorous (Hazelton and Murphy 
2016). EC values indicate that salinity is low in the upper 0.3 m the profile. Below this depth EC increases 
to 0.582-0.641 dS/m which is considered high. Chloride concentration increases from an acceptable 
concentration in the topsoil (<80 mg/kg) to 730 mg/kg in the subsoil (Rayment and Lyons 2011). This 
increase in EC and chloride has the potential to induce chloride toxicity which can interfere with the 
osmotic capacity of plants. 

CEC is regarded low in the surface soil (7 meq/100g) and increases to moderate levels (approximately 
15 meq/100g) in deeper horizons (Hazelton and Murphy 2016). Only magnesium (>1.6 meq/100g) is 
present on the soil exchange at a suitable concentration. However, and particularly in the subsoil, 
magnesium concentration is disproportionately large relative to other cations. This contributes to a very 
low Ca/Mg ratio which increases the risk of dispersion of the soil. Both calcium (<5 meq/100g) and 
potassium (<0.5 meq/100g) are below ideal levels throughout the profile. The distribution of nutrients 
within the topsoil again, reflects the imbalance between calcium and magnesium while the presence of 
potassium and sodium on the exchange is considered appropriate and high respectively (Hazelton and 
Murphy 2016). 

ESP values increase rapidly with depth indicating a high risk of dispersion from as shallow as 0.2 m 
below the surface. This risk of dispersion is further exacerbated by the very low Ca/Mg ratio discussed 
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above. However, below the depth of 0.5 m, the Emerson class numbers indicate that the soil is not 
dispersive due to the presence of carbonate (CaCO3) at this depth (Emerson, 1967). 

 

Particle Size Analysis % Soil Particle 
Density (g/cm3) Organic Matter (%) 

Clay Silt  Sand Gravel   

32 11 55 2  2.24 2.7 

Extractable Nutrients (mg/kg) Extractable Metals (mg/kg) 

Phosphorous Potassium Sulphate Nitrate B Cu Fe Mn Zn 

< 5 146 < 10 0.2 < 0.2 < 1 26.6 6.8 < 1 

 

The surface soil of the Komati SMU is composed of a moderately high clay content (32%), with 55% 
sand, 11% silt and 2% gravel. It has a moderate polyhedral structure with cracking occurring at the 
surface. The topsoil is non-sodic, however, the Emerson Class Number (3) in conjunction with a Ca/Mg 
ratio of 1.2 indicate that disturbance may give rise to dispersion. The particle size distribution and organic 
matter content (2.7%) suggest good stability of the surface horizon. 

Extractable nutrient content for the surface soil is considered poor with nitrate (0.2 mg/kg), potassium 
(146 mg/kg) and phosphorous (<5 mg/kg) all below suitable levels for plant life and sulphate (<10 mg/kg) 
considered marginal (Hazelton and Murphy 2016). Of the extractable metals detected, only manganese 
(6.8 mg/kg) and iron (26.6 mg/kg) are present at adequate levels for plant life. Copper (<1 mg/kg), zinc 
(<1 mg/kg) and boron (<0.2 mg/kg) are all below concentrations suitable for plant growth (Government 
of South Australia, 2013). 
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4.5 LIMPOPO MANAGEMENT UNIT 

Soil Unit Description 

The Limpopo unit is a brown texture-contrast soil. Soil textures predominantly grade from sands to clay 
sands in the surface soils to light clays in deeper horizons. Vegetation associated with this unit includes 
Eucalyptus populnea and Eucalyptus crebra. 

 

 

Parameter Soil Unit Description 

Profile Site Numbers VP1, VP2, VP7, VP9, VP13, VP15, VP17, VP18, VP22, VP24, 
VP28, VP36, VP37 

Observation Site Numbers 
OP6, OP8, OP10, OP11, OP18, OP19, OP22, OP23, OP26, 
OP32, OP33, OP39, OP41, OP45, OP46, OP47, OP48, OP49, 
OP55, OP56, OP57 

Landform Low rises to plains  

Australian Soil Classification Brown Sodosol 

Land System Cotherstone Land System  

Slope < 3% 

Geology Back Creek Group  

Vegetation Poplar box (Eucalyptus populnea), narrow-leaved ironbark 
(Eucalyptus crebra), 

Runoff Slow  

Permeability Slow to moderately permeable  

Drainage Well drained 

 Limpopo SMU Vegetation 
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Profile Description – Representative Sites VP7, VP15, VP17, VP18, VP22 

 

 
The surface soil (A11, A12) is brown to a dark brown (7.5YR4/4, 
7.5YR3/3) sand to loamy sand with a loose structure. It has a 
field pH that ranges between 5 and 6, demonstrating a clear to 
gradual change to; 

The lower surface soil (A2 or A2e) is a brown to greyish brown 
(7.5YR4/4, 10YR5/2) with some profiles within this soil unit 
displaying bleaching in this horizon (A2e). Predominant textures 
observed in this horizon range from sandy loams to sandy clay 
loams with a loose to weak polyhedral structure and a field pH 
of 6. Clear to gradual change to; 

The subsoil (B21w, B22w) includes dark yellowish brown to a 
dark greyish brown (10YR4/4, 10YR4/2) clayey or sandy loams 
and light clays clay with weak to moderate strength polyhedral 
structure. Mottling was often observed in this horizon with 
colours ranging between red, orange and yellow. This horizon 
has a field pH of 5.5 to 7. 
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Chemical and Physical Analysis 

 

Representative site: VP17 

Depth pH EC Cl ESP% Moisture 

(m) # Rating dS/m Rating (mg/kg) % Rating (%) 

0 - 0.1 5.5 Moderately 
Acid 0.004 Very low < 10 1 Non-sodic 1.6 

0.2 - 0.3 5.5 Moderately 
Acid 0.005 Very low  < 10 2.6 Non-sodic 2.4 

0.5 - 0.6 5.8 Moderately 
Acid 0.035 Very low  50 12.1 Sodic 3.8 

0.8 - 0.9 5.6 Moderately 
Acid 0.154 Low 110 21.5 Strongly 

Sodic 8.6 

Depth CEC Exchangeable Cations (meq/100g) 
Emerson 
Class No. 

(m) meq / 
100g Rating Ca Mg K Na Ca/Mg 

Ratio 

0 - 0.1 2.3 Very Low 0.8 0.5 0.4 0.1 1.6 3 

0.2 - 0.3 1.8 Very Low 0.1 0.6 0.3 < 0.1 0.2 4 

0.5 - 0.6 2.7 Very Low < 0.1 1.8 0.2 0.3 < 0.1 4 

0.8 - 0.9 7.3 Low < 0.1 5.4 0.2 1.5 < 0.1 4 

Nutrient Distribution in 
Topsoil (%) 34.78% 21.74% 17.39% 4.35%  

 

The upper 0.3 m of the Limpopo SMU is strongly acidic with a pH of 5.5, increasing only slightly beyond 
this depth. This pH is not within the bounds best suited to plant growth (Hazelton and Murphy 2016). EC 
and chloride concentration across the profile indicate salinity is very low with EC values ranging from 
0.004 dS/m in the topsoil to 0.154 dS/m in the subsoil. Chloride concentration reflects this ranging from 
<10 mg/kg in the topsoil and increasing to 110 mg/kg in the subsoil which is below the limits of toxicity 
(Rayment and Lyons 2011). 

CEC is considered very low (CEC < 6 meq/100g) across the majority of the profile increasing only slightly 
with depth (Hazelton and Murphy 2016). This is likely attributed to the sandy texture of the upper 
horizons. Potassium and calcium are present at very low concentrations throughout the soil profile with 
potassium consistently below 0.5 meq/100g and calcium consistently below 5 meq/100g). Although not 
as severe, manganese concentration is also regarded as low in the topsoil increasing to a more 
appropriate range in the subsoil. The Ca/Mg ratio reflects this with the ratio ranging from 1.6 in the 
topsoil to <0.1 in the subsoil; indicating calcium is deficient (Hazelton and Murphy 2016). 

ESP values that range between 1% to 2.6% indicate the topsoil is not likely to be at risk of dispersion; 
however, ESP increases with depth to 21.5% in the subsoil indicating the subsoil is susceptible to 
dispersion. This is further supported by the very low Ca/Mg ratio discussed above although Emerson 
class numbers do not support this. 
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Particle Size Analysis % 
Soil Particle 

Density (g/cm3) Organic Matter (%) 
Clay Silt Sand Gravel   

10 8 79 3  2.48 1.8 

Extractable Nutrients (mg/kg) Extractable Metals (mg/kg) 

Phosphorous Potassium Sulphate Nitrate B Cu Fe Mn Zn 

< 5 335 < 10 0.2 < 0.2 < 1 82.1 4.64 < 1 

 

The particle size distribution reveals the A11 horizon of this SMU is strongly dominated by sand (79%) 
with silt and clay size particles comprising 8% and 10% of this horizon respectively. Organic matter 
content is regarded as moderate, contributing to average structural stability and low cohesiveness and 
suggesting the soil unit may be at a greater risk of erosion-induced movement. 

Extractable nutrients are considered poorly balanced with both phosphorus (<5 mg/kg) and nitrate (0.2 
mg/kg) concentration well below appropriate bounds for plant growth (Hazelton and Murphy, 2016). 
Sulphate (<10 mg/kg) presence in the topsoil is considered marginal and only potassium (335 mg/kg) 
content is considered suitable. Extractable metals were mostly found below suitable concentrations with 
copper and zinc detected at <1 mg/kg and boron at <0.2 mg/kg. Only iron (82.1 mg/kg) and manganese 
(4.64 mg/kg) were present at suitable concentrations (Hazelton and Murphy, 2016). 
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4.6 ORANGE MANAGEMENT UNIT 

Soil Unit Description 

Dark cracking clays associated with the flat grassy plains of the mid-eastern edge of the study area. The 
predominant textures of soils within this unit range from light clays in surface soils to light medium clays 
in deeper horizons. Vegetation associated with this unit is predominantly open grassland. 

 

 

Parameter Soil Unit Description 

Profile Site Numbers  VP31, VP35, VP40 

Observation Site Numbers OP21, OP24, OP25, OP44, OP60, OP61, OP62, OP65,  

Landform Plains  

Australian Soil Classification Grey Vertosol 

Land System Monteagle Land System  

Slope 0% 

Geology Qr – Qr - QLD  

Vegetation Open grassland  

Runoff Slow  

Permeability Slowly permeable  

Drainage Imperfectly to moderately well drained 

 

 Orange SMU Vegetation 
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Profile Description – Representative Sites VP31, VP35, VP40 

 

 
The surface soil (A) is black (10YR2/1, 2.5Y2.5/1) light clay with 
moderate lenticular structure. It has a field pH of 6 - 7, 
demonstrating an abrupt change to; 

The upper subsoil (B21w) is a black to a very dark grey 
(10YR2.5/1, 2.5Y3/1) light medium clay with strong lenticular 
structure and a field pH of 7.5 - 8.5. Clear to diffuse change to; 

The lower subsoil (B22w/B22k) is a very dark grey (10YR3/1, 
2.5Y3/1) light medium to medium clay with strong lenticular 
structure. This horizon has a field pH of 8.5 – 9. 
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Chemical and Physical Analysis 

 

Representative site: VP31 

Depth pH EC Cl ESP% Moisture 

(m) # Rating dS/m Rating (mg/kg) % Rating (%) 

0 - 0.1 8.1 Moderately 
Alkaline 0.135 Low 10 1.4 Non-sodic 5.5 

0.2 - 0.3 8.4 Moderately 
Alkaline 0.054 Very low  40 7 Sodic 12.2 

0.5 - 0.6 9.5 Strongly 
Alkaline 0.321 Medium  180 16.9 Strongly 

Sodic 13.1 

0.8 - 0.9 9.6 Strongly 
Alkaline 0.575 High 540 20.8 Strongly 

Sodic 12.9 

Depth CEC Exchangeable Cations (meq/100g) Emerson 
Class No. 

(m) meq / 
100g Rating Ca Mg K Na Ca/Mg 

Ratio 
 

0 - 0.1 15.5 Moderate 8.8 6.2 0.3 0.2 1.4 4 

0.2 - 0.3 21 Moderate 9.4 10.1 <0.2 1.5 0.9 3 

0.5 - 0.6 26.6 High 5.7 16.4 <0.2 4.5 0.3 3 

0.8 - 0.9 27.7 High 4.3 17.7 <0.2 5.8 0.2 4 

Nutrient Distribution in Topsoil 
(%) 56.8% 40.0% 1.9% 1.3%  

 

The Orange SMU is characterised by high pH ranging from 8.1 in the topsoil to 9.6 in the subsoil, this is 
beyond the pH range at which all plant nutrients are available and thus not ideal for plant growth. EC 
values indicate low salinity in the upper 0.3 m of the profile and increases from what is considered 
medium to high at depth. This has potential to compromise the health of sensitive and moderately 
tolerant plant species. Chloride concentrations increase from 10 mg/kg in the topsoil to 540 mg/kg in the 
subsoil which is considered within acceptable limits (Rayment and Lyons, 2011). 

CEC increases with depth, ranging from moderate (15.5 meq/100g) in the topsoil, to high (27.7 
meq/100g) in the subsoil layer. Calcium is present in the topsoil layer at a concentration of 8.8 meq/100g 
and decreases to 4.3 meq/100g. Magnesium concentration increases with depth from 6.2 meq/100g at 
the surface to 17.7 meq/100g. While the absolute concentration of calcium and magnesium are at 
suitable levels for plant growth, magnesium concentration is considered disproportionately high relative 
to calcium. This is reflected in the Ca/Mg ratio that decreases from 1.4 (calcium low) in the topsoil to 0.2 
(calcium deficient) in the subsoil. In the topsoil potassium content is below the ideal concentration (0.3 
meq/100mg), this decreases further with depth to <0.2 meq/100g in the subsoil. The distribution of 
nutrients within the topsoil shows magnesium occupying a large proportion of the exchange while the 
proportion of calcium on the exchange is considered lower than ideal. Both potassium and sodium are 
at appropriate levels (Hazelton and Murphy, 2016). 

ESP values indicate the upper 0.1 m is non-sodic (1.4%), however, ESP increases beyond this depth 
to 20.8% in the subsoil. These ESP values in conjunction with the Ca/Mg ratio (discussed above) 
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suggest that soil below 0.2 m in depth is prone to dispersion. In the deeper horizons (below 0.8 m), 
Emerson class numbers indicate this soil is not likely to disperse due to the presence of carbonate 
(Emerson, 1967). 

 

Particle Size Analysis % Soil Particle 
Density (g/cm3) Organic Matter (%) 

Clay Silt Sand Gravel  

28 19 51 2  2.13 3.6 

Extractable Nutrients (mg/kg) Extractable Metals (mg/kg) 

Phosphorous Potassium Sulphate Nitrate B Cu Fe Mn Zn 

< 5 182 < 10 0.2 < 0.2 < 1 27 24.5 <1 

 

The surface soil of the Orange SMU is composed of 51% sand, 28% clay, 19% silt and 2% gravel. It 
has a moderate lenticular structure with a cracking, self-mulching surface. This particle size distribution 
in conjunction with a high organic matter content (3.5%) will contribute to good structural stability of the 
topsoil. ESP values suggest the topsoil is not considered to be at risk of dispersion which is supported 
by the Emerson Class Number of 4. 

Extractable nutrients are mostly considered to be low with phosphorous (<5 mg/kg), sulphate (<10 
mg/kg) and nitrate (0.2 mg/kg) all below suitable concentrations for plant life and only potassium (182 
mg/kg) above the critical concentration (Hazelton and Murphy 2016). The majority of extractable metals 
are present at low concentrations with boron <0.2 mg/kg and both copper and zinc at <1 mg/kg. Iron (27 
mg/kg) is considered adequate, however, manganese (24.5 mg/kg) is regarded as high potentially 
inducing manganese toxicity in plants. 
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4.7 SABIE MANAGEMENT UNIT 

Soil Unit Description 

A dark-coloured texture-contrast soil with surface soils consisting of sands, increasing in clay content in 
deeper horizons. Lower horizons display red to orange mottles. Vegetation associated with this unit is 
dominated by Eucalyptus crebra. 

 

 

Parameter Soil Unit Description 

Profile Site Numbers VP10, VP11, VP12, VP14, VP20, VP21,  

Observation Site Numbers OP10, OP19, OP27, OP30, OP32, OP33, OP35, OP41 

Landform Rises and Plains  

Australian Soil Classification Red Sodosol 

Land System Carborough Land System  

Slope <10% 

Geology Back Creek Group  

Vegetation Narrow-leaved ironbark (Eucalyptus crebra), Bloodwood 
(Corymbia erythrophloia) 

Runoff Slow to moderate  

Permeability Moderately permeable  

Drainage Moderate to well drained 

 Sabie SMU Vegetation 
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Profile Description – Representative Sites VP10, VP11, VP12, VP20 

 

 
The surface soil (A11/A12) is black to very dark brown (2.5YR2.5/1, 
7.5YR2.3/3) sand to loamy sand with loose to very weak platy 
structure. It has a field pH of 5 - 7, demonstrating a clear to abrupt 
change to; 

The lower surface soil (A2) is a brown to a dark reddish brown 
(7.5YR4/4, 5YR3/3) clayey sand to sandy clay loam with loose or 
very weak polyhedral structure and a field pH of 5 - 6. Clear to 
gradual change to; 

The lower subsoil (B2w) is a dark reddish brown to dusky red 
(5YR3/3, 2.5Y3/2) clayey loam to medium clay with moderate 
polyhedral structure. This horizon has a field pH of 5 - 6. 
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Chemical and Physical Analysis 

 

Representative site: VP10 

Depth pH EC Cl ESP% Moisture 

(m) # Rating dS/m Rating (mg/kg) % Rating (%) 

0 - 0.1 4.6 Strongly 
Acid 0.128 Low 50 3.2 Non-sodic 2 

0.2 - 0.3 4.9 Strongly 
Acid 0.025 Very low 10 9.2 Sodic 5 

0.5 - 0.6 5.9 Moderately 
Acid 0.02 Very low 20 8.4 Sodic 11.6 

0.8 - 0.9 6 Slightly 
Acid 0.108 Low 140 15.4 Strongly 

Sodic 9.9 

Depth CEC Exchangeable Cations (meq/100g) 
Emerson 
Class No. 

(m) meq / 
100g Rating Ca Mg K Na Ca/Mg 

Ratio 

0 - 0.1 3.7 Very Low 1.3 0.6 0.5 0.1 2.2 3 

0.2 - 0.3 3.5 Very Low 0.1 0.5 0.3 0.1 0.2 3 

0.5 - 0.6 8.1 Low < 0.1 5.6 0.6 0.6 < 0.1 3 

0.8 - 0.9 9.6 Low < 0.1 7.4 0.4 1.4 < 0.1 2 

Nutrient Distribution in 
Topsoil (%) 35.1% 16.2% 13.5% 2.7%  

 

The surface soil of the Sabie SMU is strongly acidic (pH < 5) to a depth of 0.3 m which has potential to 
reduce plant available nutrients and induce aluminium toxicity. Beyond this depth pH increases to 6 
which is suitable for plant life. EC is low throughout the profile, with EC values varying between 0.02 
dS/m to 0.128 dS/m with no obvious trend associated with depth. The chloride concentration reflects 
the low EC with chloride consistently below 300 mg/kg. 

CEC values are considered very low in the topsoil (3.7 meq/100g) and increase with depth to 9.6 
meq/100g in the subsoil. Throughout the profile calcium is below ideal levels and decreases from 1.3 
meq/100g to <0.1 meq/100g in the subsoil. Topsoil magnesium concentration is also below ideal levels 
at 0.6 meq/100g, however, with depth this increases to an acceptable concentration. Overall potassium 
concentration is sufficient for plant life as it varies within close-proximity of the critical concentration of 
0.5 meq/100g. Nutrients in the topsoil are poorly distributed with the proportion of the exchange occupied 
by calcium considered below ideal while both sodium and potassium in particular are considered high 
(Hazelton and Murphy 2016). 

ESP increases from 3.2% in the topsoil to 15.4% in the subsoil. This information in conjunction with the 
Ca/Mg ratio indicates the risk of dispersion increases substantially below 0.2m. The Emerson class 
numbers of 3 and 2 support this (Emerson 1967). 
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Particle Size Analysis % Soil Particle 
Density (g/cm3) Organic Matter (%) 

Clay Silt  Sand Gravel   

12 10 75 3  2.29 4.1 

Extractable Nutrients (mg/kg) Extractable Metals (mg/kg) 

Phosphorous Potassium Sulphate Nitrate B Cu Fe Mn Zn 

< 5 446 30 35.8 0.3 < 1 226 8 < 1 

 

The A11/A12 horizon of this SMU is dominated by sand-sized particles (75%) with 12% clay, 10% silt 
and 3% gravel. It has a loose single grain to weak platy structure with high organic matter content (4.1%). 
This information in conjunction with the ESP and Ca/Mg ratio of this topsoil layer suggest the topsoil is 
not prone to dispersion if undisturbed. 

Apart from phosphorous (<5 mg/kg), all extractable nutrients are present in the topsoil at concentrations 
suitable for plant life (Hazelton and Murphy 2016). Of the extractable metals, only manganese (8 mg/kg) 
is detected at a suitable concentration. Both copper (<1 mg/kg) and zinc (<1 mg/kg) are low for plant 
growth and iron concentration is found to be very high with the capacity to induce iron toxicity in plants. 
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4.8 ZAMBEZI MANAGEMENT UNIT 

Soil Unit Description 

A predominantly grey coloured texture-contrast soil with surface soils consisting of sands, increasing in 
clay content in deeper horizons. Lower horizons display diffuse orange to yellow mottles. Vegetation 
associated with this unit is dominated by Eucalyptus populnea. 

 

 

Parameter Soil Unit Description 

Profile Site Numbers  VP16, VP19, VP23, VP25, VP29, VP33, VP38, VP41. VP42  

Observation Site Numbers OP18, OP28, OP29, OP32, OP34, OP35, OP37, OP39, OP40, 
OP41, OP43, OP45, OP47, OP55, OP56, OP57, OP58 

Landform Plains  

Australian Soil Classification Grey Rudosol 

Land System Cotherstone Land System  

Slope <3% 

Geology TQa – Tqa-QLD 

Vegetation Poplar-box (Eucalyptus populnea), Narrow-leaved ironbark 
(Eucalyptus crebra) 

Runoff Slow  

Permeability Moderately permeable  

Drainage Moderately well drained 

 Zambezi SMU Vegetation 
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Profile Description – Representative Sites VP25, VP29 

 

 
The surface soil (A11/A12) is dark brown to a very dark greyish 
brown (7.5YR2.2.5/5, 10YR3/2) coarse grained loamy sand with loose 
to very weak platy structure. It has a field pH of 5.5 - 7, demonstrating 
a clear to abrupt change to; 

The lower surface soil (A2/A2e) is a brown to greyish brown 
(7.5YR5/4, 10YR5/2) loamy sand with some profiles displaying this as 
a bleached horizon with loose single-grained structure and a field pH 
of 6 - 7.5. Clear to abrupt change to; 

The lower subsoil (B2w) is a light grey to grey (10YR7/2, 7.5YR6/1) 
clayey loam sand to silty clay loam with moderate polyhedral 
structure. This horizon has a field pH of 7 - 9. 
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Chemical and Physical Analysis 

 

Representative site: VP25 

Depth pH EC Cl ESP% Moisture 

(m) # Rating dS/m Rating (mg/kg) % Rating (%) 

0 -0.1 6.4 Slightly Acid 0.018 Very 
low < 10 0.6 Non-sodic 1.8 

0.2 - 0.3 6.7 Slightly Acid 0.005 Very 
low  < 10 0.1 Non-sodic 2.8 

0.5 - 0.6 7.8 Slightly 
Alkaline 0.059 Very 

low  40 18.5 Strongly 
Sodic 7.2 

0.8 - 0.9 9 Strongly 
Alkaline 0.174 Low  160 23.3 Strongly 

Sodic 9.1 

Depth CEC Exchangeable Cations (meq/100g) 
Emerson 
Class No. 

(m) meq / 
100g Rating Ca Mg K Na Ca/Mg 

Ratio 

0 - 0.1 3.4 Very Low 2.3 0.8 0.4 0.1 2.9 3 

0.2 - 0.3 1.8 Very Low 1.3 0.4 0.1 0.1 3.2 4 

0.5 - 0.6 5.1 Very Low 1.1 3.1 < 0.2 0.9 0.4 2 

0.8 - 0.9 10 Low 1.7 5.7 < 0.2 2.3 0.3 2 

Nutrient Distribution in Topsoil (%) 67.7% 23.5% 11.8% 2.9%  

 

The Zambezi SMU has a slightly acidic (6.4 – 6.7) pH in the upper 0.3 m of the profile which is not 
considered plant limiting. However, beyond this depth pH rises to very strongly alkaline (9), which is 
beyond the suitable pH range for plants (Hazelton and Murphy 2016). EC values and chloride 
concentration are both well below appropriate limits. EC values range from 0.0018 dS/m in the topsoil 
to 0.174 dS/m in the subsoil. The chloride concentration is consistently below 300 mg/kg throughout the 
profile. 

CEC is predominantly regarded as very low (<6 meq/100g) with a slight increase in the deepest 
observed horizon. This is reflected in the low concentrations of extractable cations with calcium and 
potassium consistently below 5 meq/100g and 0.5 meq/100g respectively. Topsoil magnesium 
concentrations are considered low (<1.6 meq/100g) but increase to concentrations suitable for plant life 
with depth. Within the topsoil, the proportion of the exchange occupied by calcium is considered 
appropriate, however the presence of magnesium, potassium and sodium on the exchange is above 
ideal (Hazelton and Murphy 2016). 

The upper 0.3 m of the profile is non-sodic with ESP values well below 6%. Below this point ESP values 
increase to 23.2% indicating high potential for dispersion. This is supported by the very low Ca/Mg ratios 
and an Emerson Class Number of 2 in the subsoil (Emerson 1967). 
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Particle Size Analysis % 
Soil Particle 

Density (g/cm3) Organic Matter (%) 
Clay Silt Coarse 

Sand Gravel  

9 14 77 < 1  2.43 2 

Extractable Nutrients (mg/kg) Extractable Metals (mg/kg) 

Phosphorous Potassium Sulphate Nitrate B Cu Fe Mn Zn 

< 5 311 < 10 2.6 < 2 < 1 60.7 8.92 <1 

 

The surface horizon (A11) of the Zambezi SMU is dominated by sand (77%) with 14% silt, 9% clay and 
<1% gravel and has a loose to weak platy structure. This, in conjunction with the low organic matter 
content (2%) suggests poor structural stability of topsoil layer. The topsoil is non-sodic with very low 
Ca/Mg ratio indicating the topsoil is not dispersive if undisturbed. 

Nutrient levels in the topsoil layer are generally poor, with nitrate (2.6 mg/kg), sulphate (<10 mg/kg) and 
phosphorous (<5 mg/kg) below suitable levels and potassium (311 mg/kg) above the critical 
concentration indicating potassium is not deficient. Extractable metals vary in suitability with iron (60.7 
mg/kg), manganese (8.92 mg/kg), and boron (<2 mg/kg) present in suitable concentrations and both 
copper (<1 mg/kg) and zinc (<1 mg/kg) at lower than preferred levels for plant growth (Hazelton and 
Murphy 2016). 
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5.0 STRATEGIC CROPPING LAND ASSESSMENT 

The RPI Act aims to identify areas of Queensland that are of regional interest because they contribute, 
or are likely to contribute, to Queensland’s economic, social and environmental prosperity. The RPI Act 
also aims to give effect to the policies about matters of State interest stated in regional plans, and to 
effectively manage the impact of resource activities on the areas of regional interest. 

Areas of regional interest that the RPI Act aims to protect are classified as: 

• living areas in regional communities (Priority Living Areas); 

• high-quality agricultural areas from dislocation (Priority Agricultural Areas); 

• strategic cropping areas; and 

• regionally important environmental areas (Strategic Environmental Areas). 

Detailed descriptions of what constitutes each type of area of regional interest are provided in Sections 
8 to 11 of the RPI Act as well as the Regional Planning Interests Regulation 2014 (RPI regulation). The 
RPI Act and RPI Regulation seek to strike an appropriate balance between protecting priority land uses 
and delivering a diverse and prosperous economic future for our regions. 

There are no areas of regional interest within the study area. The nearest mapped strategic cropping 
areas are located between 13 to 15 km to the north-west, south-west and south-east of the study area. 
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6.0 LAND SUITABILITY ASSESSMENT 

Land suitability refers to the adequacy of land for a defined use. Land suitability assessment considers 
environmental factors including climate, soils, geology, geomorphology, erosion, topography and the 
effects of past land uses. The classification does not always represent the current land use. Rather, it 
indicates the potential of the land to be used for specific agricultural activities. The aim of this land 
suitability assessment is to evaluate the suitability of the Project area for agricultural land uses including 
cattle grazing and dryland cropping, prior to the development of the mine. 

The assessment for land suitability (cattle grazing and rainfed broadacre cropping) has been carried out 
in accordance with the methodologies described in: 

• DSITI and DNRM (2015). Guidelines for Agricultural Land Evaluation in Queensland (2nd 
edition). Queensland Government, Brisbane, Queensland; and 

• DME (1995). Technical Guidelines for the Environmental Management of Exploration and 
Mining in Queensland – Land suitability Assessment Techniques, Queensland Government. 
Brisbane, Queensland. 

The five land suitability classes used for assessing land are defined in Table 41. Land is considered less 
suitable as the severity of limitations for a land use increase. The land suitability class reflects the score 
of the most limiting attribute for a given SMU. An increase in limitations may reflect either: 

• reduced potential for production; 

• increased inputs to achieve an acceptable level of production; 

• increased inputs to prepare the land for successful production; and/or 

• increased inputs required to prevent land degradation. 
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Class Agricultural description Conservation description 

Class 1 
Suitable land with negligible limitations. 
This is highly productive land requiring only 
simple management practices to maintain 
economic production. 

Areas well suited for conservation uses must 
possess significant conservation benefits in the 
pre-mining environment and be capable of being 
returned to that use post-mining. 

Class 2 

Suitable land with minor limitations 
which either reduce production or require 
more than the simple management 
practices of class 1 land to maintain 
economic production. 

Areas suited to conservation use in that a 
significant component of the pre-mining 
conservation values can be restored post-
mining. There will however be some loss in 
conservation values where soil terrain or 
hydrological post-mining conditions may inhibit 
the full replication of the pre-mining values. 

Class 3 

Suitable land with moderate limitations 
which either further lower production or 
require more than those management 
practices of class 2 land to maintain 
economic production. 

These lands contain significant conservation 
values pre-mining, however restoration of all of 
these values may not be feasible. These areas 
could, however be restored to a form of 
conservation use which provides alternative 
conservation benefits. 

Class 4 

Marginal land, which is presently 
considered unsuitable due to severe 
limitations. The long-term significance of 
these limitations on the proposed land use 
is unknown or not quantified. The use of 
this land is dependent upon undertaking 
additional studies to determine whether the 
effect of the limitation(s) can be reduced to 
achieve sustained economic production. 

These lands contain limited conservation value 
pre-mining and/ or are incapable of being 
effectively restored post-mining to any 
alternative conservation use which provides 
similar benefits. The area could however be 
restored to provide a stable form of use which 
does not impact on surrounding conservation 
values. 

Class 5 Unsuitable land with extreme limitations 
that preclude its use. 

These lands contain no significant conservation 
values. 

6.1 CATTLE GRAZING 

Limitations for the assessment of grazing land suitability on improved pastures as outlined in the Land 
Suitability Assessment Technique (QDME, 1995) Guidelines (Table 2.2) are: 
 

• Water availability; 

• Nutrient deficiency; 

• Soil physical factors; 

• Salinity; 

• Rockiness; 

• Micro relief; 

• pH; 

• ESP; 

• Wetness; 

• Topography; 

• Water erosion; 

• Flooding; and 

• Vegetation. 

Numerous parameters outlined in this assessment require determination of the ‘rootzone’. The rootzone 
is the depth to hard or weathered rock, or the depth to a significant salt bulge within the soil profile. 
Where these limitations are not encountered within the sampling depth, a value of 0.6 m can be assumed 
as the rootzone as described in the QDME guidelines (1995). 
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For cattle grazing, Class 1 and Class 2 land is considered suitable for grazing improved pastures with 
maximum grazing productivity achieved in most seasons. Class 3 land is considered suitable for grazing 
improved pastures however, it is less productive than Classes 1 and 2. Class 4 land is categorised as 
marginal for grazing improved pastures although it is largely considered suitable for grazing native 
pastures of variable quality. Class 5 land is unsuitable for any form of pasture improvement and is 
limited to low productivity grazing of native pastures. Due to the poor soil quality Class 5 land may 
require destocking in poor seasons. 

Each of the limitations listed above is assessed in the following subsections on the basis of Table 2.2 of 
the QDME guidelines (1995). 

6.1.1 Water Availability 

The availability of water in soils is vital for both plants and soil organisms as they require water to survive. 
The PAWC cut-off levels for each of the land suitability classes for beef cattle grazing are as follows: 

Class 1: > 125 mm 

Class 2: 100 - 125 mm 

Class 3: 75 - 100 mm 

Class 4: 50 - 75 mm 

Class 5: < 50 mm 

These cut-off levels are not based on a specific species of pasture, but on pasture as a general land 
use. The soils are assessed on the depth to weathered rock, or other root inhibiting factors such as a 
salt bulge or significant sodicity. Table 42 provides the outcomes of the land suitability class assessment 
on the basis of plant available water capacity. 
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Soil Management 
Unit Limiting Features PAWC (mm) 

Land 
Suitability 

Class 

Crocodile Shallow sands and sandy loams ≤ 45 cm deep ≤ 50 mm 5 

Fish Sands and sandy loams 45 - 90 cm deep 50 - 75 mm 4 

Kei Sands and sandy loams > 90 cm deep 75 - 100 mm 3 

Komati 
Cracking clays: alkaline to neutral pH throughout 
and 60- 90 cm depth to ESP ≥ 15 100 - 125 mm 2 

Limpopo1 
Duplex soils with subsoil becoming sodic (ESP 
6 - 14) within 60 cm of the surface but not strongly 
sodic (ESP ≥ 15) within 90 cm 

75 - 100 mm 3 

Orange 
Cracking clays: alkaline to neutral pH throughout 
and 60 - 90 cm depth to ESP ≥ 15 100 - 125 mm 2 

Sabie 
Duplex soils with subsoil becoming sodic (ESP 
6 - 14) within 60 cm of the surface but not strongly 
sodic (ESP ≥ 15) within 90 cm 

75 - 100 mm 3 

Zambezi1 
Duplex soils with a sodic subsoil (ESP 6 - 14) 
becoming strongly sodic (ESP ≥ 15) within 60 cm 
of surface 

50 - 75 mm 4 

Notes: 1 SMUs present within the Project area 

6.1.2 Nutrient Deficiency 

The nutrient status of each SMU identified has been assessed and the results are presented in Table 
43. Note that bicarbonate phosphorus was only analysed within the topsoil layer (0 - 10 cm). Soil 
nutrients are vital for plant and animal growth and metabolism. 
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Soil Management Unit Limiting Features Land Suitability 
Class 

Crocodile Sands and loams at least 75 cm deep or overlying rock at 
shallow depth, with bicarbonate P 5 - 10 ppm, 4 

Fish 
Sands and loams at least 75 cm deep or overlying rock at 
shallow depth, with bicarbonate P ≤ 4 ppm 4 

Kei 
Sands and loams at least 75 cm deep or overlying rock at 
shallow depth, with bicarbonate P ≤ 4 ppm 4 

Komati Other soils with bicarbonate P 5 - 10 ppm 3 

Limpopo1 
Sands and loams at least 75 cm deep or overlying rock at 
shallow depth, with bicarbonate P ≤ 4 ppm 4 

Orange Other soils with bicarbonate P 5 - 10 ppm 3 

Sabie 
Sands and loams at least 75 cm deep or overlying rock at 
shallow depth, with bicarbonate P ≤ 4 ppm 4 

Zambezi1 
Sands and loams at least 75 cm deep or overlying rock at 
shallow depth, with bicarbonate P ≤ 4 ppm 4 

Notes: 1 SMUs present within the Project area 

6.1.3 Soil Physical Factors 

Soil physical factors for each SMU identified have been assessed with results presented in Table 44. 
The physical condition of soils plays a direct role with seed germination and emergence. Adverse 
conditions such as hard-setting or crusting of surface soils reduces plant establishment through creating 
a barrier, reducing seed soil contact. 

 

Soil Management Unit Limiting Features Land Suitability 
Class 

Crocodile Rigid soils with a loose, soft or firm surface when dry 1 

Fish Rigid soils with a loose, soft or firm surface when dry 1 

Kei Rigid soils with a loose, soft or firm surface when dry 1 

Komati Cracking clays with fine self-mulch (peds 2-10 mm) 2 

Limpopo1 Rigid soils with a loose, soft or firm surface when dry 1 

Orange Cracking clays with fine self-mulch (peds 2-10 mm) 2 

Sabie Rigid soils with a hard-setting surface when dry 3 

Zambezi1 Rigid soils with a loose, soft or firm surface when dry 1 

Notes: 1 SMUs present within the Project area 
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6.1.4 Salinity 

Land suitability class for each SMU based on salinity has been assessed with the results provided in 
Table 45. Given salinity can inhibit plant growth, the highest EC recorded is considered the most limiting 
factor and dictates the rating given to each SMU. Significant levels of salinity present in the rootzone 
can negatively impact plant growth and production. 

 

Soil Management Unit Limiting Features Land Suitability Class 

Crocodile Rootzone EC < 0.15 mS/cm 1 

Fish Rootzone EC < 0.15 mS/cm 1 

Kei Rootzone EC < 0.15 mS/cm 1 

Komati Rootzone EC 0.3 - 0.9 mS/cm 3 

Limpopo1 Rootzone EC < 0.15 mS/cm 1 

Orange Rootzone EC 0.15 - 0.3 mS/cm2 2 

Sabie Rootzone EC < 0.15 mS/cm 1 

Zambezi1 Rootzone EC < 0.15 mS/cm 1 

Notes: 1 SMUs present within the Project area 
 2 The 0.5–0.6 Orange horizon marginally exceeds the 0.3 threshold but given the EC values for adjacent upper 

horizons it is considered sufficiently close to the threshold to warrant the classification provided. 

6.1.5 Rockiness 

The land suitability for each SMU based on rockiness was assessed with results presented in Table 46. 
The impacts of rockiness are more extreme for cropping than for grazing. With respect to grazing, rock 
outcrops reduce the area available to grow pasture, indirectly impacting the carrying capacity of the 
land. 

6.1.6 Microrelief 

The microrelief for each SMU identified has been assessed with results presented in Table 47. 
Microrelief refers to local relief (up to several metres) around the plane of the land (National Committee 
on Soil and Terrain, 2009). Impacts of microrelief on the suitability of land for cattle grazing are only 
experienced when soil is severely melonholed. Ponding of water in the depressions can reduce pasture 
yield, indirectly impacting the land’s carrying capacity. 
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Soil Management Unit Limiting Features Land Suitability Class 

Crocodile 20 - 50% surface cobble (6 - 20 cm diameter) and 
rock outcrop 3 

Fish < 10 course surface gravel (> 6 cm diameter) 1 

Kei < 10 course surface gravel (> 6 cm diameter) 1 

Komati < 10 course surface gravel (> 6 cm diameter) 1 

Limpopo1 < 10 course surface gravel (> 6 cm diameter) 1 

Orange < 10 course surface gravel (> 6 cm diameter) 1 

Sabie < 10 course surface gravel (> 6 cm diameter) 1 

Zambezi1 < 10 course surface gravel (> 6 cm diameter) 1 

Notes: 1 SMUs present within the Project area 

 

 

Soil Management Unit Limiting Features Land Suitability Class 

Crocodile Melonholes cover <20% surface area 1 

Fish Melonholes cover <20% surface area 1 

Kei Melonholes cover <20% surface area 1 

Komati Melonholes cover <20% surface area 1 

Limpopo1 Melonholes cover <20% surface area 1 

Orange Melonholes cover <20% surface area 1 

Sabie Melonholes cover <20% surface area 1 

Zambezi1 Melonholes cover <20% surface area 1 

Notes: 1 SMUs present within the Project area 

6.1.7 pH 

The land suitability class for pH has been assessed with results presented in Table 48. Soil pH 
determines the availability of nutrients for plant intake. Where a soil material is strongly acidic, aluminium 
and manganese toxicity may limit root growth and plant productivity. Were an improved pasture post-
mining land use to be targeted, there may be a need to for ameliorants to correct soil pH and increase 
nutrient availability. 
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Soil Management Unit Limiting Features Land Suitability Class 

Crocodile pH 5.0 - 5.6 2 

Fish pH 5.0 - 5.6 2 

Kei pH 6.6 - 8.0 2 

Komati pH 6.6 - 8.0 2 

Limpopo1 pH 5.0 - 5.6 2 

Orange pH 8.0 - 9.0 3 

Sabie pH 4.5 - 5.0 3 

Zambezi1 pH 6.6 - 8.0 2 

Notes: 1 SMUs present within the Project area 

6.1.8 Exchangeable Sodium Percentage (ESP) 

The ESP of each SMU identified has been assessed with results presented in Table 49. ESP is used to 
determine the erosion potential of soils. The land suitability class identified for each SMU based on ESP 
in the upper 100 mm of soil. 

 

Soil Management Unit Limiting Features Land Suitability Class 

Crocodile ESP < 5% 1 

Fish ESP 5 - 10% 2 

Kei ESP < 5% 1 

Komati ESP < 5% 1 

Limpopo1 ESP < 5% 1 

Orange ESP < 5% 1 

Sabie ESP < 5% 1 

Zambezi1 ESP < 5% 1 

Notes: 1 SMUs present within the Project area 

6.1.9 Wetness 

The land suitability class identified for each SMU based on wetness has been assessed with results 
presented in Table 50. The wetness limitation refers to any excess water both in and on the soil profile. 
The adverse effects of excess water include reducing plant growth, impeding oxygen supply to plant 
roots (possibly leading to denitrification) and increased risk of plant disease. 
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Soil Management Unit Limiting Features Land Suitability Class 

Crocodile Undulating terrain or elevated plains 1 

Fish Non-sodic rigid soils with coarse pale grey and 
yellow mottles within 50 cm of the surface 2 

Kei Low-lying level plains 2 

Komati Rigid soils with strongly sodic subsoil (ESP≥15) 
within 60 cm of the surface 

2 

Limpopo1 Non-sodic rigid soils with coarse pale grey and 
yellow mottles within 50 cm of the surface 2 

Orange Low-lying level plains 2 

Sabie Undulating terrain or elevated plains 1 

Zambezi1 Rigid soils with strongly sodic subsoil (ESP≥15) 
within 60 cm of the surface 

2 

Notes: 1 SMUs present within the Project area 

6.1.10 Water Erosion 

The land suitability class identified for each SMU based on water erosion has been assessed with the 
results presented in Table 51. Erosion of topsoil reduces the productivity of the land through the loss of 
key nutrients in the soil’s upper horizons. 

 

Soil Management Unit Limiting Features Land Suitability Class 

Crocodile Slopes 3 - 12% on non-sodic rigid soils 2 

Fish Slopes < 3% on non-sodic soils 1 

Kei Slopes < 3% on non-sodic soils 1 

Komati Slopes < 3% on non-sodic soils 1 

Limpopo1 Slopes < 3% on non-sodic soils 1 

Orange Slopes < 3% on non-sodic soils 1 

Sabie Slopes < 3% on non-sodic soils 1 

Zambezi1 Slopes < 3% on non-sodic soils 1 

Notes: 1 SMUs present within the Project area 

6.1.11 Flooding 

The land suitability class identified for each SMU based on flooding risk has been assessed with results 
presented in Table 52. Flooding may result in plant death or reduced growth. In severe cases where 
land is inundated for a prolonged period stock loss and loss of grazing production may also occur. 
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Soil Management Unit Limiting Features Land Suitability Class 

Crocodile No flooding 1 

Fish No flooding 1 

Kei No flooding 1 

Komati Periodic flooding 2 

Limpopo1 No flooding 1 

Orange Periodic flooding 2 

Sabie No flooding 1 

Zambezi1 Periodic flooding 2 

Notes: 1 SMUs present within the Project area 

6.1.12 Vegetation Regrowth (management limitation) 

The land suitability class identified for each SMU based on vegetation regrowth has been assessed with 
results presented in Table 53. Vegetation communities may contain poisonous species or woody weeds 
that will limit the productivity of grazing pastures to varying degrees and increase the need for land 
management. The density of tree species and presence of a woody shrub layer may also limit the 
carrying capacity of the land. 

 

Soil Management Unit Limiting Features Land Suitability Class 

Crocodile  Bloodwood and ironbark open woodland 1 

Fish Acacia scrub without melonholes  1 

Kei Acacia scrub without melonholes  1 

Komati Box woodlands without wattle understorey 2 

Limpopo1 Box and ironbark woodlands without wattle 
understorey 2 

Orange Grasslands 1 

Sabie Bloodwood and ironbark open woodlands 1 

Zambezi1 Box and ironbark woodlands without wattle 
understorey 2 

Notes: 1 SMUs present within the Project area 
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6.1.13 Summary of Land suitability for Cattle Grazing 

Table 54 provides a summary of the assessed land suitability limitations for a beef cattle grazing land 
use. 

In the study area, the suitability of land for cattle grazing is mostly limited by pH controlled nutrient 
deficiency and water availability. 

Unsuitable pH conditions can greatly reduce nutrient levels in the soil. This has potential to impact 
livestock production through a reduction in pasture growth and nutrient value of pasture species. 
Additionally, water availability can also compromise pasture growth by inducing water stress in pasture 
species and preventing the mobilisation of nutrients in the root zone 

While no Class 1 or Class 2 land was identified for the study area, examination of the land suitability 
limitations for cattle grazing (Table 54) indicates that 737 ha is suitable for cattle grazing with moderate 
limitations (Class 3). The majority of the study area (6,859 ha) is considered marginal land with the 
remaining area (2,524 ha) comprised of Class 5 land. 

All land within the Project area comprises Class 4 land. 

It is important to note that although the two SMUs present in the Project area are classified as Class 4 
(marginally suitable); given this is the current land use of the area, the land is considered suitable for 
grazing. The land suitability framework is used as a guide to determine potential land suitability and 
should be considered alongside historical land use. One of the two limiting factors which produced a 
land suitability class of 4 is limited soil phosphorous (< 10 mg/kg), which is able to be overcome with the 
addition of phosphorous to topsoil before re-spreading. 

Figure 4 shows the distribution of land suitability classes for cattle grazing across the study area. 
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Limitation Crocodile Fish Kei Komati Limpopo1 Orange Sabie Zambezi1 

Water availability 5 4 3 2 3 2 3 4 

Nutrient deficiency 4 4 4 3 4 3 4 4 

Soil physical factors 1 1 1 2 1 2 3 1 

Salinity 1 1 1 3 1 2 1 1 

Rockiness 3 1 1 1 1 1 1 1 

Microrelief 1 1 1 1 1 1 1 1 

pH 2 2 2 2 2 3 3 2 

ESP (10cm) % 1 2 1 1 1 1 1 1 

Wetness 1 2 2 2 2 2 1 2 

Water erosion 2 1 1 1 1 1 1 1 

Flooding 1 1 1 2 1 2 1 2 

Vegetation Regrowth 1 1 1 2 2 1 1 2 

Overall Suitability Rating 5 4 4 3 4 3 4 4 

Notes: 1 SMUs present within the Project area. Green shading = suitable, red shading = unsuitable. 
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 Cattle Grazing Land Suitability Classes 
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6.2 RAINFED BROADACRE CROPPING 

Limitations for the assessment of rainfed broadacre cropping as outlined in the Land Suitability 
Assessment Technique (QDME 1995) Guidelines (Table 2.1) are: 

• Water availability; 

• Nutrient deficiency; 

• Soil physical factors; 

• Soil workability 

• Salinity; 

• Rockiness; 

• Micro relief; 

• Wetness; 

• Topography; 

• Water erosion; and 

• Flooding. 

Numerous parameters outlined in this assessment require determination of the ‘rootzone’. The rootzone 
is the depth to hard or weathered rock, or the depth to a significant salt bulge within the soil profile. 
Where these limitations are not encountered within the sampling depth, a rootzone value of 0.6 m can 
be assumed as described in the QDME guidelines (1995). 

Class 1 and Class 2 land is considered suitable for rainfed broadacre cropping with negligible or minor 
limitations and limited management requirements to sustain this use. Class 3 land is considered suitable 
however, it is likely to be less productive than lands of Class 1 or 2. Class 4 land is categorised as 
marginally suitable for rainfed broadacre cropping or would require significant inputs to ensure land use 
sustainability. Class 5 land is unsuitable having extreme limitations and cannot be sustainably used for 
the rainfed broadacre cropping. 

Each of the limitations listed above are assessed below on the basis of Table 2.1 of the QDME guidelines 
(1995). 

6.2.1 Water Availability 

The PAWC cut-off levels for each of the land suitability classes are as follows: 

Class 1: > 150 mm 

Class 2: 125 – 150 mm 

Class 3: 100 - 125 mm 

Class 4: 75 – 100 mm 

Class 5: < 75 mm 

These cut-off levels are not based on a specific crop-type, but on rainfed broadacre cropping as a 
general land use. The soils are assessed on the depth to weathered rock, or other root inhibiting factors 
such as a salt bulge or significant sodicity. The availability of water in soils is vital for both plants and 
soil organisms as they require water to survive. Table 55 provides the outcomes of the land suitability 
class assessment on the basis of plant available water capacity. 
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Soil 
Management 

Unit 
Limiting Features PAWC (mm) 

Land 
Suitability 

Class 

Crocodile Shallow sands and sandy loams ≤45 cm deep < 75 mm 5 

Fish Sands and sandy loams 45-90 cm deep < 75 mm 5 

Kei Sands and sandy loams >90 cm deep 75 - 100 mm 4 

Komati Cracking clays: alkaline to neutral pH throughout and 60- 
90 cm depth to ESP ≥ 15 100 -125 mm 3 

Limpopo1 
Duplex soils with subsoil becoming sodic (ESP 6-14) 
within 60 cm of the surface but not strongly sodic (ESP ≥ 
15) within 90 cm 

75 - 100 mm 4 

Orange Cracking clays: alkaline to neutral pH throughout and 60- 
90 cm depth to ESP ≥ 15 100 -125 mm 3 

Sabie 
Duplex soils with subsoil becoming sodic (ESP 6-14) 
within 60 cm of the surface but not strongly sodic (ESP ≥ 
15) within 90 cm 

75 - 100 mm 4 

Zambezi1 Duplex soils with a sodic subsoil (ESP 6-14) becoming 
strongly sodic (ESP ≥ 15) within 60 cm of surface < 75 mm 5 

Notes: 1 SMUs present within the Project area 

6.2.2 Nutrient Deficiency 

The nutrient status of each SMU identified has been assessed and the results are presented in Table 
56. Note that bicarbonate phosphorus was only analysed within the topsoil layer (0 - 10 cm). Soil 
nutrients are vital for plant growth and metabolism. 

 

Soil Management Unit Limiting Features Land Suitability 
Class 

Crocodile Bicarbonate P 5 - 10 ppm and exchangeable K ≤ 0.3 meq % 3 

Fish Bicarbonate P < 10 ppm and exchangeable K ≤ 0.3 meq % 
and exchangeable Ca < 3 meq % 4 

Kei Bicarbonate P < 10 ppm and exchangeable K ≤ 0.3 meq % 
and exchangeable Ca < 3 meq 4 

Komati Bicarbonate P < 10 ppm and exchangeable K ≤ 0.3 meq % 
and exchangeable Ca < 3 meq % 4 

Limpopo1 Bicarbonate P < 10 ppm and exchangeable K ≤ 0.3 meq % 
and exchangeable Ca < 3 meq % 4 

Orange Bicarbonate P 5 - 10 ppm and exchangeable K ≤ 0.3 meq % 3 

Sabie pH < 5 within 30 cm of the surface  5 

Zambezi1 Bicarbonate P < 10 ppm and exchangeable K ≤ 0.3 meq % 
and exchangeable Ca < 3 meq % 4 

Notes: 1 SMUs present within the Project area 
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6.2.3 Soil Physical Factors 

Soil physical factors for each SMU identified have been assessed with results presented in Table 57. 
The physical condition of soils plays a direct role with seed germination and emergence. Adverse 
conditions such as hard-setting or crusting of surface soils reduces plant establishment through creating 
a barrier, reducing seed soil contact. 

 

Soil Management Unit Limiting Features Land Suitability Class 

Crocodile Rigid soils with a hard-setting surface when dry 3 

Fish Rigid soils with a loose, soft or firm surface when dry 1 

Kei Rigid soils with a loose, soft or firm surface when dry 1 

Komati Cracking clays with fine self-mulch (peds 2-10 mm) 2 

Limpopo1 Rigid soils with a loose, soft or firm surface when dry 1 

Orange Cracking clays with fine self-mulch (peds 2-10 mm) 2 

Sabie Rigid soils with a hard-setting surface when dry 3 

Zambezi1 Rigid soils with a loose, soft or firm surface when dry 1 

Notes: 1 SMUs present within the Project area 

6.2.4 Soil Workability 

Soil physical factors for each SMU identified have been assessed with results presented in Table 58. 
The workability of soils refers to the capacity of the soil to support machinery during management 
practices such as tillage. 

 

Soil Management Unit Limiting Features Land Suitability Class 

Crocodile Rigid soils with a hard-setting surface when dry  2 

Fish Rigid soils with a loose, soft or firm surface when dry 1 

Kei Rigid soils with a loose, soft or firm surface when dry 1 

Komati Firm cracking clays 2 

Limpopo1 Rigid soils with a loose, soft or firm surface when dry 1 

Orange Firm cracking clays 2 

Sabie Rigid soils with a loose, soft or firm surface when dry 1 

Zambezi1 Rigid soils with a loose, soft or firm surface when dry 1 

Notes: 1 SMUs present within the Project area 
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6.2.5 Salinity 

Land suitability class for each SMU based on salinity has been assessed with the results provided in 
Table 59. Given salinity can inhibit plant growth, the highest EC recorded is considered the most limiting 
factor and dictates the rating given to each SMU. Significant levels of salinity present in the rootzone 
can negatively impact plant growth and production. 

 

Soil Management Unit Limiting Features Land Suitability Class 

Crocodile Rootzone EC < 0.15 mS/cm 1 

Fish Rootzone EC < 0.15 mS/cm 1 

Kei Rootzone EC < 0.15 mS/cm 1 

Komati Rootzone EC 0.3 – 0.9 mS/cm 3 

Limpopo1 Rootzone EC < 0.15 mS/cm 1 

Orange Rootzone EC 0.3 – 0.9 mS/cm 3 

Sabie Rootzone EC < 0.15 mS/cm 1 

Zambezi1 Rootzone EC < 0.15 mS/cm 1 

Notes: 1 SMUs present within the Project area 

6.2.6 Rockiness 

The land suitability for each SMU based on rockiness was assessed with results presented in Table 60. 
The impacts of rockiness are more extreme for cropping than for grazing. In regard to cropping, rock 
outcrops reduce the area available to grow crops, as land cannot be easily traversed or mechanised. 

 

Soil Management Unit Limiting Features Land Suitability Class 

Crocodile 20-50% surface cobble (6-20 cm diameter) and rock 
outcrop 3 

Fish <10 course surface gravel (>6 cm diameter) 1 

Kei <10 course surface gravel (>6 cm diameter) 1 

Komati <10 course surface gravel (>6 cm diameter) 1 

Limpopo1 <10 course surface gravel (>6 cm diameter) 1 

Orange <10 course surface gravel (>6 cm diameter) 1 

Sabie <10 course surface gravel (>6 cm diameter) 1 

Zambezi1 <10 course surface gravel (>6 cm diameter) 1 

Notes: 1 SMUs present within the Project area 
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6.2.7 Microrelief 

The microrelief for each SMU identified has been assessed with results presented in Table 61. 
Microrelief refers to local relief (up to several metres) around the plane of the land (National Committee 
on Soil and Terrain 2009). Impacts of microrelief on the suitability of land for rainfed broadacre cropping 
are only experienced when soil is severely melonholed. Ponding of water in the depressions can 
compromise growing conditions directly impacting on crop growth and yield. 

 

Soil Management Unit Limiting Features Land Suitability Class 

Crocodile No melonholes (semi-circular depressions <30 cm 
deep and usually surrounded by mounds) 1 

Fish No melonholes (semi-circular depressions <30 cm 
deep and usually surrounded by mounds) 1 

Kei No melonholes (semi-circular depressions <30 cm 
deep and usually surrounded by mounds) 1 

Komati Melonholes cover <20% surface area 2 

Limpopo1 No melonholes (semi-circular depressions <30 cm 
deep and usually surrounded by mounds) 1 

Orange Melonholes cover <20% surface area 2 

Sabie No melonholes (semi-circular depressions <30 cm 
deep and usually surrounded by mounds) 1 

Zambezi1 No melonholes (semi-circular depressions <30 cm 
deep and usually surrounded by mounds) 1 

Notes: 1 SMUs present within the Project area 

6.2.8 Wetness 

The land suitability class identified for each SMU based on wetness has been assessed with results 
presented in Table 62. The wetness limitation refers to any excess water both in and on the soil profile. 
The adverse effects of excess water include reducing plant growth, impeding oxygen supply to plant 
roots (possibly leading to denitrification) and increased risk of plant disease. 
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Soil Management Unit Limiting Features Land Suitability Class 

Crocodile Undulating terrain or elevated plains 1 

Fish Non-sodic rigid soils with coarse pale grey and yellow 
mottles within 50 cm of the surface 3 

Kei Low-lying level plains with melonholes covering <25 % 
surface area 2 

Komati Rigid soils with strongly sodic subsoil (ESP≥15) within 
60 cm of the surface 3 

Limpopo1 Rigid soils with sodic subsoil (ESP 6 - 14) within 60 cm 
of the surface 2 

Orange Rigid soils with strongly sodic subsoil (ESP≥15) within 
60 cm of the surface 3 

Sabie Rigid soils with sodic subsoil (ESP 6 - 14) within 60 cm 
of the surface 2 

Zambezi1 Rigid soils with strongly sodic subsoil (ESP≥15) within 
60 cm of the surface 3 

Notes: 1 SMUs present within the Project area 

6.2.9 Topography 

The land suitability class identified for each SMU based on wetness has been assessed with results 
presented in Table 63. The topography limitation refers to the surface features of the land. Substantial 
variation in slope and elevation of an area can introduce limitations for cropping by reducing the area of 
land on which cropping is viable. 

 

Soil Management Unit Limiting Features Land Suitability Class 

Crocodile Many deep gullies make the arable areas too 
small to cultivate 4 

Fish No gully dissection 1 

Kei No gully dissection 1 

Komati No gully dissection 1 

Limpopo1 No gully dissection 1 

Orange No gully dissection 1 

Sabie Occasional deep gullies impede cultivation 
slightly 2 

Zambezi1 Occasional deep gullies impede cultivation 
slightly 2 

Notes: 1 SMUs present within the Project area 
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6.2.10 Water Erosion 

The land suitability class identified for each SMU based on water erosion has been assessed with the 
results presented in Table 64. Erosion of topsoil reduces the productivity of the land through the loss of 
key nutrients in the upper horizons of the soil. 

 

Soil Management Unit Limiting Features Land Suitability Class 

Crocodile Slopes >6% on non-sodic rigid soils 5 

Fish Slopes 1-2 % on non-sodic soils 2 

Kei Slopes 1-2 % on non-sodic soils 2 

Komati Slopes <1% on non-sodic rigid soils 1 

Limpopo1 Slopes 1-2 % on non-sodic soils 2 

Orange Slopes <1% on non-sodic rigid soils 1 

Sabie Slopes 1-2 % on non-sodic soils 2 

Zambezi1 Slopes 1-2 % on non-sodic soils 2 

Notes: 1 SMUs present within the Project area 

6.2.11 Flooding 

The land suitability class identified for each SMU based on flooding risk has been assessed with results 
presented in Table 65. Flooding may result in plant death or reduced growth. In severe cases where 
land is inundated for a prolonged period crop failure may occur. 

 

Soil Management Unit Limiting Features Land Suitability Class 

Crocodile No flooding 1 

Fish No flooding 1 

Kei No flooding 1 

Komati Rare flooding 2 

Limpopo1 No flooding 1 

Orange Rare flooding 2 

Sabie No flooding 1 

Zambezi1 Infrequent flooding 3 

Notes: 1 SMUs present within the Project area 
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6.2.12 Summary of Land suitability for Rainfed Broadacre Cropping 

Table 66 provides a summary of the assessed land suitability limitations for a rainfed broadacre cropping 
land use. 

In the study area, the suitability of land for rainfed broadacre cropping is primarily limited by nutrient 
deficiency and water availability. 

Unsuitable poor nutrient availability in the soil has potential to impact crop health and yield. Fertiliser 
application is thus required to overcome this limitation, which is an additional expense to agricultural 
systems, subsequently reducing profitability of a farm. Additionally, water availability can also 
compromise crop growth by inducing water stress in crops and preventing the mobilisation of nutrients 
in the root zone 

No Class 1, Class 2 or Class 3 land was identified within the Project area. Examination of the land 
suitability limitations for cattle grazing (Table 54) indicates that 392 ha of the Project area is considered 
marginal land (Class 4) with the remainder of the Project area (16 ha) comprised of Class 5 land. 

Figure 5 shows the distribution of land suitability classes for cattle grazing across the study area. 
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Limitation Crocodile Fish Kei Komati Limpopo1 Orange Sabie Zambezi1 

Water availability 5 5 4 3 4 3 4 5 

Nutrient deficiency 3 4 4 4 4 3 5 4 

Soil physical factors 3 1 1 2 1 2 3 1 

Soil workability 2 1 1 2 1 2 1 1 

Salinity 1 1 1 3 1 3 1 1 

Rockiness 3 1 1 1 1 1 1 1 

Microrelief 1 1 1 2 1 2 1 1 

Wetness 1 3 2 3 2 3 2 3 

Topography 4 1 1 1 1 1 2 2 

Water erosion 5 2 2 1 2 1 2 2 

Flooding 1 1 1 2 1 2 1 3 

Overall Suitability Rating 5 5 4 4 4 3 5 5 

Notes: 1 SMUs present within the Project area. Green shading = suitable, red shading = unsuitable. 
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 Rainfed Broadacre Cropping Land Suitability Classes
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7.0 AGRICULTURAL LAND ASSESSMENT 

Agricultural land class classification follows a hierarchical scheme in order to identify land that can be 
used sustainably for a particular land use to limit land degradation. There are three broad classes of 
agricultural land, namely Class A, Class B and Class C with one non-agricultural land class (Class D). 
Descriptions of agricultural land classes relevant to this agricultural assessment are provided in Table 
67 below (DNRM/DSITIA, 2015). 

 

Class Description 

A Cropping Land – Land that is suitable for a wide range of crops with nil to moderate limitations. 

B Limited Cropping Land – Land that is suitable for a narrow range of crop types. 

C1 Pasture Land – Land suitable for grazing on native pastures on higher fertility soils. 

C2 Pasture Land – Land suitable for grazing on native pastures on lower fertility soils. 

C3 Pasture Land – Land suitable for light grazing on native pastures in accessible areas, and 
includes steep land. 

D Non-agricultural Land – Land not suitable for agricultural use. 

 

Based on the outcome of the land suitability assessment, study area SMUs have been assigned the 
agricultural land classes as per Table 68. 

 

Agricultural Land Class Assessment  

Soil Management Unit Class Area (ha) 

Crocodile C3 2,524 

Fish C3 77 

Kei C2 140 

Komati C2 263 

Limpopo1 C2 3,328 

Orange C2 474 

Sabie C3 1,869 

Zambezi1 C3 1,445 

Notes: 1 SMUs present within the Project area 
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8.0 SOIL HANDLING RECOMMENDATIONS 

8.1 TOPSOIL SUITABILITY AND STRIPPING 

In general, fertility decreases with depth in response to the variation with depth of the various parameters 
impacting on soil fertility. For the study area, usable soil resources are mainly confined to the surface 
horizons, which contain the seedstock, micro-organisms and nutrients necessary for plant growth. This 
section lists the SMUs and the maximum depth to which suitable material may be stripped for stockpiling 
and future rehabilitation. Stripping recommendations have been determined based on the SMU 
characteristics detailed in Section 4.0. 

Where practicable, stripping should be timed to avoid periods of excessive rain or prolonged dry periods. 
Where practicable, topsoil should be directly placed in prepared rehabilitation areas and used 
immediately rather than stockpiled for later use. Where topsoils have been identified as requiring 
amelioration and where practicable, the areas where they have been re-spread and/or the stockpiles 
where they have been stored should be delineated and recorded to ensure the appropriate treatment 
subsequently occurs. 

Table 69 summarises the maximum depths to which each SMU should be stripped, a detailed discussion 
of each SMU’s topsoil resource is outlined in the following sections. 

 

SMU Topsoil Stripping Depth (m) 

Crocodile 0.1 

Fish 0.1 

Kei 0.6 

Komati 0.1 

Limpopo1 0.3 

Orange 0.1 

Sabie 0.1 

Zambezi1 0.3 

Notes: 1 SMUs present within the Project area 
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Crocodile Soil Management Unit (Stripping Depth 0.1 m) 

The Crocodile SMU is limited in its suitability as a topsoil medium where an improved pasture post-
mining land use is to be implemented. The land within this SMU has uneven rocky terrain which may 
introduce accessibility challenges for earth-moving machinery. Given this, the total volume of topsoil 
able to be sourced from this SMU may be reduced. The soil is very strongly acidic at the surface (pH 
5.4) remaining so with depth. pH values such as these have potential to limit soil nutrient content and 
thus plant growth. Furthermore, this soil unit is very shallow often containing large quantities of 
unweathered rock material. 

The Crocodile SMU may be better suited to use where a native ecosystem post-mining land use similar 
to that existing on this SMU is to be re-instated. In these circumstances, this material could be stripped 
to 0.1 to 0.2 m depth but should be segregated to ensure its use in an appropriate post-mining land use. 

Fish Soil Management Unit  (Stripping Depth 0.1 m) 

The topsoil to 0.1 m of the Fish SMU is suitable for rehabilitation purposes. Although acidic with a pH of 
5.5, the topsoil of this unit is within the range suitable for plant growth. Due to a very low nutrient holding 
capacity (CEC 2.5 meq/100g), its use in an improved pasture post-mining land use would benefit from 
fertiliser additions. Below the depth of 0.1 m, the Fish SMU becomes sodic and thus dispersive. 
Therefore, a stripping depth of 0.1 m is recommended. 

Kei Soil Management Unit  (Stripping Depth 0.6 m) 

The upper 0.6 m of the Kei SMU is suitable for most rehabilitation end-uses as this soil has suitable pH 
and low ESP and salinity. Below this depth, the soil becomes moderately alkaline (pH 8.6), which can 
affect plant productivity by reducing plant-available nutrients. The Kei SMU has low nutrient content 
(CEC > 4.5 meq/100g) and would therefore benefit from fertiliser addition when revegetating. A stripping 
depth of 0.6 m is recommended. 

Komati Soil Management Unit  (Stripping Depth 0.1 m) 

Soil to a depth of 0.1 m in the Komati SMU is considered suitable for most rehabilitation purposes. Below 
this depth, the soil is severely limited by its chemical characteristics with pH increasing to 8.5 and 
continuing to become more alkaline with depth. This pH level will limit plant available nutrients 
compromising plant growth and health. Furthermore, the soil becomes more susceptible to dispersion 
with ESP values of 13% also increasing with depth. A stripping depth of 0.1 m is recommended. 

Limpopo Soil Management Unit (Stripping Depth 0.3 m) 

The Limpopo SMU is suitable for most rehabilitation end-uses in the top 0.3 m of the profile. Below this 
depth, sodicity increases to strongly sodic levels, increasing the risk of dispersion and susceptibility to 
erosion. The nutrient holding capacity of this soil is very low with CEC at 2.3 meq/100g. The addition of 
fertiliser would enhance revegetation success. Importantly, the topsoil associated with this SMU is 
predominantly composed of sand (79%) and should therefore not be placed on slopes exceeding 3% 
without appropriate measures to manage stability. 

Orange Soil Management Unit  (Stripping Depth 0.1 m) 

The topsoil of the Orange SMU to 0.1 m is suitable for most rehabilitation end-uses. This soil possesses 
adequate plant nutrients and is not saline. However, surface soil in this unit is moderately alkaline (pH 
8.1) which is towards the top of the suitable pH range for plant growth. Depending on the desired 
rehabilitation outcome, pH adjustment may be desirable. Below a depth of 0.1 m, pH becomes 
moderately to strongly alkaline and may be limiting for plant growth. In addition, ESP values increase to 
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7% and continue to increase with depth. Therefore, below 0.1 m this SMU is at risk of dispersion and 
will be limited in its potential to be used as a topsoil /growth medium. 

Sabie Soil Management Unit  (Stripping Depth 0.1 m) 

Due to several constraining factors, the Sabie SMU is not considered suitable for rehabilitation use 
except where a native ecosystem outcome similar to the pre-mining situation is intended. The surface 
soil of this unit is very strongly acidic (pH 4.6) limiting the availability of essential plant nutrients. The risk 
of aluminium toxicity is also high. The additional constraint of sodicity becomes apparent below the 
depth of 0.1 m with ESP values of 9% which increase throughout the profile. 

Zambezi Soil Management Unit (Stripping Depth 0.3 m) 

The Zambezi SMU is suitable for most rehabilitation purposes to a depth of 0.3 m. This surface layer 
has suitable pH, low salinity and is not sodic. Below this depth, the soil becomes strongly sodic with an 
ESP of 18.5% and is therefore at high risk of dispersion and subsequent erosion. Stripping is therefore 
only recommended to a depth of 0.3 m. To assist initial revegetation success, it may be beneficial to 
supplement this surface soil with fertiliser to improve the inherent low nutrient value of soil. The surface 
soil of this unit is predominantly composed of sand-sized particles (77% sand) and it is therefore 
recommended that the use of this soil on rehabilitated surfaces exceeding a 3% slope should be limited. 

8.2 TOPSOIL STOCKPILING 

Stockpiling of topsoil for extended periods can lead to physiochemical and biological deterioration in the 
soil and affect the viability of the soil seed bank. Where possible, topsoil should be directly placed in 
prepared rehabilitation areas rather than stockpiled to assist in maintaining a viable seedbank and 
promote timely revegetation. 

Where stockpiling of topsoil is required, the following recommendations for soil management will reduce 
the risk of soil degradation and improve the chances of rehabilitation success: 

• Where practicable, stockpiles should be less than 2m high and be constructed and positioned 
in a manner that encourages water drainage and discourages erosion, and with appropriate 
erosion and sediment controls in place;  

• If there is a risk of a grass cover not establishing voluntarily, stockpiles will need to be ripped 
and seeded with a quick establishment pasture. Topsoil should ideally be stockpiled for the 
minimum time. Studies in the Hunter Valley have shown that most deterioration occurs within 
the first year (Keipert et al., 2005). 

• Stockpiles should be monitored for erosion and weeds and control measures implemented as 
appropriate; and 

• Where soil has been stockpiled for extended periods, soil testing is recommended before use 
for rehabilitation purposes. If required, fertilisers and soil ameliorants should be applied. 

Table 70 shows the estimated volumes of topsoil resource per SMU within the Project disturbance area, 
given the stripping depths outlined in section 8.1. The proposed disturbance area for the VCP Project is 
shown in Figure 6. 
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SMU Topsoil Stripping 
Depth (m) SMU Area (m2) Potential Soil 

Volume (m3) 

Limpopo* 0.3 2,766,000 829,800 

Zambezi* 0.3 9,400 2,820 

Total Topsoil= 832,620 m3 

Notes:  SMUs with an asterisk (*) indicate soils where amelioration measures (e.g. liming agents, fertiliser), or actions (e.g. mixing) 
are considered beneficial to achieve a grazing land use outcome. 

 

8.3 TOPSOIL PLACEMENT 
The proposed disturbance area (Figure 6) within the VCP Project area suggests that the topsoil resource 
will be sourced predominantly from the Limpopo SMU. The Limpopo SMU is characterised as having 
moderate organic matter content and a high sand content and may therefore be at a greater risk of 
erosion-induced movement (Section 4.5). For this SMU, establishing a sufficient vegetative cover to 
mitigate erosion risk is important, particularly as rehabilitated slopes increase. To create a favourable 
environment for vegetation growth, topsoil from the Limpopo SMU will require application of one or more 
of the amelioration measures outlined in the following sub-sections. 

Where possible, placement of topsoil at a minimum thickness of 0.2m is recommended for rehabilitation 
areas to create a growth medium of sufficient depth to hold water and support revegetation. For all 
rehabilitated areas, contour ripping and/or ploughing of the landform after topsoil placement should be 
undertaken to key the topsoil and subsoil layers together, and to improve seed germination conditions. 
Placement of armour rock or mulch cover to assist in stabilising the landform and reducing topsoil loss 
should be considered for slopes above 10%. 

8.3.1 Topsoil amelioration 

8.3.1.1 Organic matter application 

Sandy soils such as the Limpopo SMU, usually have poor soil structure, low moisture retention and low 
available nutrient concentrations. The addition of organic matter to such soils helps to bind soil 
aggregates together and resist physical breakdown, improving soil structure; in turn increasing soil 
moisture retention and re-incorporating nutrients back into the soil. Where possible, topsoil should be 
stripped with its existing ground cover vegetation and, if subject to stockpiling, relocated with its cover 
crop vegetation. 

Depending on availability, additional organic matter (such as mulches, manures, or compost), could be 
incorporated into the topsoil. Organic materials incorporated into the topsoil will increase organic carbon 
levels, providing more exchange sites for necessary cations, increase water holding capacity, and 
ensure less organic matter is oxidised into carbon dioxide and nitrous oxide or reduced into methane 
(Smith et. al., 2018). Application rates will vary depending on mulch type. Straw mulch should be applied 
at a rate of 5 t/ha (NSW Government 2015). Note that fresh mulch should not be used in acidic soils. 
Manure should be incorporated at rates of 5-30 t/ha (depending on the type of manure) (MLA n.d.). If 
available, compost can be applied at 70-150 t/ha (Kelly 2006). 
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8.3.1.2 Fertiliser application 

Fertilisers can be utilised to increase nutrient concentrations in soil. As the Limpopo SMU is moderately 
acidic (pH of 5.5) care must be taken when fertilising, as some fertilisers (such as ammonium-based 
fertilisers) can have an acidifying effect on the soil. Were this to occur, lime applications would be 
required to mitigate the fertiliser’s acidifying effects. 

A calcium nitrate-based fertiliser such as calcium ammonium nitrate (15 to 27% N) is suitable for this 
application as it has near neutral effect on soil pH and can be used to increase both nitrogen and calcium 
levels in the soil. An application rate of 25-50 kg N/ha should be sufficient for successful vegetation 
establishment (CRDC 2020). This could be complemented with an application of sulphate of potash (41 
% K) to increase potassium levels in the soil. This fertiliser would also increase sulphur and can be 
drilled with seeds (unlike other potassium fertilisers such as muriate of potash which can damage seed 
germination). Typical application rates of potassium for pastures in light soils are of around 20 kg K/ha 
(Department of Primary Industries n.d.). 

Alternatively, urea (46.7% N) could be applied as a nitrogen fertiliser (usually the most economical 
nitrogen fertiliser), but this would need to be applied in combination with lime (calcium carbonate), to 
overcome the acidifying effects of urea. A rate of 150 kg/ha of urea is recommended for soils in low 
rainfall areas where soil nitrate content is below 3 mg/kg. Limestone application rates should be around 
1 t/ha of lime. It is expected that 1 t/ha of lime (incorporated in the first 10 cm of soil) can increase the 
pH of sandy soils by 0.57 units (Department of Primary Industries n.d.). It is important to do follow up 
pH testing to evaluate the need to add more lime - lime should be added initially at small doses and then 
at gradually increasing application rates as necessary. 

Phosphorus application rates should be carefully determined, as many Australian native species are 
adapted to low phosphorus concentrations in the soil. Application rates of 10-20 kg P/ha have been 
suggested for grazing pastures (Victoria Government 2013) and mine restoration (Daws et al. 2013). To 
achieve this, single superphosphate (8.8% P) could be applied, which would also supply sulphate. (Note 
this fertiliser should not be blended with urea). 

It is important that after application, soil ameliorants are incorporated into the soil to preferably a depth 
of about 0.3 m (for example by using a scarifier or ripper tynes) so they are not lost by wind or washed 
away by rainfall. After vegetation establishment (after 6 to 12 months since sowing), soils should be re-
tested to determine if any follow-up application of ameliorants is required. 

Besides using fertilisers, incorporating native leguminous forbs such as Rhynchosia minima 
(Rhynchosia) and Glycine tabacina (Variable Glycine) to the seed mix is a more natural method of 
increasing soil nitrogen levels due to the nitrogen fixing capabilities of legume species. This could 
establish natural nitrogen cycling within the topsoil resulting in long-term improvements in soil fertility 
and self-sustaining vegetation. 

8.3.2 Cover crops 

A fast-establishing sterile annual cover crop is recommended to be included in the seed mix. This will 
help to rapidly establish ground cover and minimise topsoil loss. This approach will also help to supress 
weeds and assist in restarting biological processes in the soil, creating a favourable micro-environment 
for the germination and emergence of the native seeds. Considering the sandy nature of the Limpopo 
topsoil, it is recommended that a cover crop is sown at a high seed density, of approximately 30 kg/ha. 
This should provide a rapid ground cover and assist in achieving soil stabilisation. Echinochloa esculenta 
(Japanese Millet) could be used for summer applications and Lolium sp. (Rye Grass) for winter 
applications. In the transition between cold and warm seasons, a combination of both species should 
be used. 
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8.3.3 Hydromulching 

The use of hydromulching as an alternative to direct seeding is a further option that can be considered 
in zones at higher risk of erosion. Hydromulch consists of a semi-liquid water-based mixture composed 
of seed, water, mulch and other components (such as fertiliser, coir and tackifiers) which can be added 
depending on the site’s amelioration requirements. The seed mix is included in the hydromulch slurry, 
which is sprayed onto the revegetation site as a thin layer (approximately 10 mm) to the soil surface, 
usually at a rate of approximately 50 m3/ha for topsoil applications. The aim of using hydromulch is to 
cover and protect the soil, together with providing a suitable germination environment for seeds. The 
use of hydromulch can be effective at controlling erosion and stabilising the soil, by providing an erosion 
resistant layer for the period of time it takes for vegetation to become established.  
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 VCP Project Disturbance 
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8.4 SUBSOIL MANAGEMENT 
Excluding the Crocodile and Kei units, the subsoil layers (soil located below the recommended stripping 
depth of each SMU) of all other SMUs are severely constrained by elevated ESP values which place 
these materials at a high risk of dispersion. These constraints suggest that consideration of the use of 
these subsoils needs to be weighed against the geochemical and physical qualities of the waste rock 
materials being excavated. In particular, the requirements for separate handling, storage, placement 
and amelioration for these subsoils, may not provide sufficient benefit over their non-use. 

Outside of the Project area, the subsoil characteristics of the Crocodile and Kei units do represent an 
opportunity for use as a soil resource, given their non-sodic nature throughout the depth profile. If used 
as a soil resource, consideration should be given to incorporating ameliorants to address the pH 
limitations of these materials and improve their potential to support a rapid and successful rehabilitation 
outcome. 

Sodic subsoils left exposed after topsoil stripping has occurred will represent an erosion and potential 
downstream sedimentation risk. Appropriate erosion and sediment control methods should be 
incorporated into stripping plans for these areas. 

8.4.1 Subsoil amelioration 

Where dispersive materials are to be used as subsoil, they should be treated with gypsum (calcium 
sulphate) prior to sowing/planting. Dispersive soils generally have low porosity, low air movement and 
therefore low oxygen availability for plants. They also have slow water infiltration which can lead to 
waterlogging. Gypsum application rates for moderate to severe dispersive soils usually range from 2.5 
to 5 t/ha depending on site-specific characteristics (DPIRD 2020). Given the high exchangeable sodium 
percentage (21.5 %) and low pH present in the Limpopo subsoil, an application of 5 t/ha of gypsum is 
recommended. Gypsum causes soil particles to flocculate, therefore improving soil structure, increasing 
water and plant root penetration into the soil. Irrigation is also important; these soils should be well 
irrigated so that sodium is leached down the soil profile. In contrast, low amounts of water in the soil can 
result in sodium move up the soil profile by evaporation. 
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9.0 POTENTIAL IMPACTS AND MANAGEMENT 

9.1 LAND SUITABILITY 

The development of the Project will disturb land through the construction of infrastructure and operation 
of the mine. This disturbance will impact the land suitability of the Project area throughout the life of the 
mine and potentially after its closure. Pre-mining land suitability classes are outlined in Section 6.0 and 
are summarised below in Table 71. 

 

SMU Land Suitability Class 
(Grazing) 

Land Suitability Class 
(Cropping) Area (ha) 

Limpopo 4* 4 392 

Zambezi  4* 5 16 

Note:  Green = suitable, red = unsuitable. Items displayed with an asterisk (*) are considered suitable based on current land use 
of low intensity grazing. 

Based on the pre-mining land use and the results of the SLSA, it is anticipated that most rehabilitated 
landforms will be able to support a post-mining land use of cattle grazing. 

The economic viability of using rehabilitated land for grazing will be considered based on post-mine land 
suitability, as well as the total area available for cattle grazing. If developed, improved pastures will likely 
incorporate species such as Buffel, Rhodes and other grasses that perform well in local conditions. The 
areas classed as suitable for cattle grazing are extensive and are considered to offer a land use value 
equivalent to that existing pre-mining. 

It should be noted that mining activities, including the stripping, stockpiling and handling, of soil, have 
the potential to impact its physical, chemical and biological properties. Therefore, the pre-mining land 
suitability for cattle grazing may be reduced for some rehabilitated landforms. These potential adverse 
impacts can be mitigated through: 

• good topsoil management practices (See Section 8.0); 

• the addition of fertilisers and soil ameliorants; 

• timely seeding with suitable species; and 

• post-establishment management of rehabilitated areas. 

Where final landforms represent a relatively flat landscape (e.g. slopes less than 5%) it is envisaged 
that the post-mining land suitability for cattle grazing will reflect that of the pre-mining landscape. 

Other areas, such as steeper outer slopes of spoil (e.g. slopes of > 10%) may be subject to increased 
risk of limitations such as erosion. These areas will require management to ensure they remain safe, 
non-polluting, stable and able to sustain an agreed post-mining land use. 
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9.2 EROSION 

Disturbance of vegetation and the topsoil layer can lead to the mobilisation of soil through the process 
of erosion, particularly water erosion through heavy rainfall or overland flow. The risk of erosion at the 
Project will be increased by the following activities: 

• Clearing of vegetation; 

• Topsoil stripping and stockpiling; 

• Construction of infrastructure; and 

• Exposure of slopes; 

Management recommendations to be considered, as required, to reduce the risk and impacts of erosion 
include: 

• Limiting land clearing to the minimum amount of land required for safe operation of the Project; 

• Diversion of overland flow/runoff around disturbed areas; 

• Amelioration of sodic soils through the addition of gypsum, or addition of rock for stability if used 
in rehabilitation; 

• Progressive rehabilitation of landforms and direct placement of topsoil to help preserve the seed 
bank and reduce erosion; 

• Seeding of topsoil as soon as possible after placement onto rehabilitated areas, to ensure root 
masses assist in mitigating erosion; 

• Topsoil stockpiles placed away from drainage areas, roads, machinery, transport corridors, and 
stock grazing areas; 

• Topsoil stockpiles seeded or covered with a water-shedding lining to prevent unnecessary 
erosion of soil; and 

• The use of sediment control structures such as retention ponds, to minimise the release of water 
and suspended sediments into the receiving environment. 

9.3 TOPSOIL ERODIBILITY AND EROSION RISK 

The topsoil of the Limpopo SMU has been identified as having a high sand composition making it 
susceptible to erosion, particularly if used on rehabilitated landforms with steep gradients. A soil erosion 
assessment was undertaken to determine potential erosion rates in the context of the use of the Limpopo 
SMU in rehabilitation. 
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The Revised Universal Soil Loss Equation (RUSLE) is a calculation used to estimate average annual 
soil loss caused by hillslope and rill erosion. The equation is limited to making predictions for long-term 
annual soil loss. The RUSLE equation is: 

A = R x K x LS x C x P 

Where: 

• A is the predicted rate of soil loss in tonnes per hectare per year;  

• R is the rainfall erosivity factor based on the total erosive power of storms during an average 
year and is dependent on local weather conditions; 

• K is the soil erodibility factor, which has been specifically derived for the VCP Project area; 

• LS is the slope length-gradient factor which describes the combined effect of slope length and 
gradient on soil loss. The LS factor is a ratio that corresponds to soil loss per unit area of an 
experimental plot of known length and gradient; 

• C is referred to as the cover and management factor which compares cropping practices, 
residue management, and soil cover to a standard clean fallow plot. C-factors for different 
agricultural uses and management practices are developed based on their observed deviation 
from the standard clean fallow plot; and 

• P is the conservation or support practice factor and reflects the impact of support practices on 
the average annual erosion rate. It is the ratio of soil loss with contouring and/or strip cropping 
to that with straight row farming up-and-down slope.  

The K factor was determined according to methodology described in the Prediction of Sheet and Rill 
Erosion over the Australian Continent, Incorporating Monthly Soil Loss Distribution (Lu et al 2001) using 
the equation: 

K = 2.77(100 P125)1.14(10-7) (12-2OC) + (3.29×10-3) (PP-3) 

Where:  

• K is the RUSLE soil erodibility factor, SI Units of t ha h ha–1 MJ–1 mm–1 

• P125 is the percentage of soil clay, silt and sand particles less than 0.125mm diameter 

• OC is the Organic Carbon content; and 

• PP is the soil profile permeability class. 

Table 72 displays all the parameters relevant to the determination of the soil K factor and the resultant 
K factor for topsoil of the Limpopo SMU.  

 

P125 OC PP K (t.ha.h)/(ha.MJ.mm) 

38% 1% 3 0.033 
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The R factor for the Limpopo SMU soil type within the VCP Boundary has been derived from the 
Queensland Spatial Catalogue (Queensland Government 2020) which contains input R factor datasets 
available for use in the RUSLE. An average R value of 1729.45 MJ/mm per ha/hr/yr for land within the 
Project area was determined using a vector analysis GIS tool to extract the available factor data. 
Although, grid cells that occupy less than 10% of the Project area were excluded from the analysis. 

A P-factor of 0.9 has been adopted for this assessment based on ripping along the contour of the 
rehabilitated landform that is assumed to be undertaken after the placement of topsoil.  

For the assessment of soil erosion on the rehabilitated landform, slope length and steepness (L and 
S factor) and the cover management factor (C-factor) are the principal variables impacting the 
assessment results. These factors have been manipulated independently to predict how changes to 
these factors influence the erosion potential of the landform. 

Slope Analysis  

An investigation regarding how gradient influences erosion potential was included in this assessment to 
quantify the erosion risk associated with the design of the rehabilitated landform.  

Gradient values used in the analysis vary from 1%, 5%, 10%, and 15% as these are reflective of the 
slopes proposed across the rehabilitated landform. An assumed conservative uninterrupted slope length 
of 100 m between contour banks has been used.  

Cover-type Analysis 

For each slope type, a range of C-factors representative of various land management practices were 
incorporated to identify the practices that are likely most effective at reducing erosion potential. Land 
management practices include the application of biodegradable ground cover products, hydromulch and 
grass cover.  

The output from the erosion analysis is presented in Table 73. It should be noted that this prediction of 
erosion rates for the Project is assumption based. Therefore, results should be used for comparative 
purposes as opposed to being considered as absolute values.  

Using remote sensing technology, national averages for erosion have been determined (Lu et. al 2001) 
and are presented for comparison; these include:  

• that the average Australian erosion rate is 6.3 tonnes per hectare per year; 

• that a low rate of erosion is defined as less than 0.5 tonnes per hectare per year; and 

• that a high erosion rate is defined as greater than 10 tonnes per hectare per year. 

Erosion rates are provided in Table 73. 
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Management Type  C Gradient (%) 
A 
(tonnes/ha.yr) 

Jute Mesh  0.4 1 3 

Jute Mesh  0.4 5 24 

Jute Mesh  0.4 10 57 

Jute Mesh  0.4 15 104 

50% grass cover on recently disturbed soils  0.15 1 1 

50% grass cover on recently disturbed soils  0.15 5 9 

50% grass cover on recently disturbed soils  0.15 10 21 

50% grass cover on recently disturbed soils  0.15 15 39 

Wood Mulch  0.08 1 1 

Wood Mulch  0.08 5 5 

Wood Mulch  0.08 10 11 

Wood Mulch  0.08 15 21 

Hydromulch 0.07 1 1 

Hydromulch  0.07 5 4 

Hydromulch  0.07 10 10 

Hydromulch  0.07 15 18 

70% grass cover on recently disturbed soils  0.05 1 1 

70% grass cover on recently disturbed soils  0.05 5 3 

70% grass cover on recently disturbed soils  0.05 10 8 

70% grass cover on recently disturbed soils  0.05 15 15 
 
Results suggest that both slope and management practices greatly influence the erosion potential of the 
landform. Although slope influences erosion potential, slopes across the rehabilitated landform have 
been designed to a gradient of up to 15%. Erosion potential should, therefore, be able to be controlled 
through a combination of management practices.  

As expected, results suggest erosion is most effectively controlled through the establishment of grass 
cover across the land surface as vegetation protects the soil surface and slows surface run-off whilst 
root systems stabilise the sub-surface. On newly constructed landforms where vegetation is not yet 
established, the spreading of mulch is likely the most effective intermediate management practice as it 
offers protection comparable to that of hydromulching.  

9.4 EROSION OF REHABILITED LANDFORMS 

Erosion of rehabilitated landforms reduces the likelihood of revegetation success, and in extreme cases 
can compromise the structural integrity of the landform, making it unstable and unsafe. In addition, if not 
managed correctly, erosion can result in the release of suspended sediments and potential 
contaminants into the receiving environment. 

The topsoil of the SMUs within the Project area largely composed of sand whilst subsoils have dispersive 
characteristics. Soil is likely at high risk of erosion, particularly if this risk is not considered during the 
design of rehabilitated landforms. The rehabilitated landform design for the Project should consider 
implementing controls to manage surface runoff on final landform slopes. Such controls may include: 
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• Limiting side slopes of spoil to a maximum slope of 1V:6H (approximately 16%) or less; 

• Construction of contour banks on slopes at a recommended spacing of 80 m for slopes of 1V:6H 
(MCA 1998). Larger contour drains are generally more stable and longer lasting. It is 
recommended that drains/berms are a minimum of 5 m wide and a minimum of 500 mm in 
height. Berms should be constructed of compacted material (IE Aust Erosion and Sediment 
Control Guidelines); 

• Contour banks should convey water to engineered rock-lined spine drains on steep slopes. A 
competent basalt or alternative rock source is recommended. The use of geofabric in 
construction of rock-lined spine drains is also recommended; 

• To reduce the need for engineered drains on steep slopes, landform modelling can be centred 
around gentle concave slopes or terraced profiles, or in accordance with geomorphic principles. 
For materials prone to erosion, designs such as these can significantly reduce runoff velocity 
and erosion by a magnitude of two or three times, however, this approach can be difficult to 
implement where space is a limiting factor; 

• Maintaining a high vegetative ground cover across the rehabilitation landform, particularly where 
the gradient exceeds 10% (Section 9.3); 

• The incorporation of rock into the topsoil medium can also assist in reducing erodibility, as well 
as increasing infiltration (Commonwealth of Australia, 2016); 

• Rehabilitated areas should be ripped to reduce compaction from heavy machinery, encourage 
infiltration of water and prevent erosion. If engineered waterways are included in the landform, 
areas should be ripped on a grade (e.g. 0.5%). Otherwise, areas should be ripped on the 
contour. Ripping depths will vary depending on the type of spoil material, depth of topsoil and 
equipment used for rehabilitation operations. Typical ripping depths for this Project would be 
about 400mm to 500 mm; and 

• Avoiding the use of any sodic subsoil material for use as a subsoil medium (see section 6.4). 

9.5 SOIL DEGRADATION 

Stripping, stockpiling and handling of topsoil can potentially have a negative impact on the chemical and 
physical attributes of the soil. Impacts associated with mining activities include the following: 

• exposure of sodic subsoils during soil stripping. This is applicable to the Limpopo and Zambezi 
SMUs within the Project area; 

• loss of soil physical structure due to excavation and handling; 

• loss of the soil seedbank; and 

• impacts on soil fertility due to mixing with subsoils and resulting changes in soil chemistry as 
subsoils are exposed to oxygen. 

Physiochemical changes to the soil may impact on the viability of the soil seed bank and reduce the 
likelihood of successful rehabilitation if not well managed. Management recommendations to reduce the 
risk of soil degradation and improve the chances of rehabilitation success include: 
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• Segregation of saline or sodic soils and clear demarcation and labelling/recording of stockpiles 
to ensure appropriate use of the resource. The SMU’s that contain horizons with sodic 
properties include both the Limpopo SMU (sodic below a depth of 0.5 m) and the Zambezi SMU 
(sodic below a depth of 0.5 m); 

• Minimising the handling of topsoil; 

• Ensuring that when required, stockpiles are generally less than 2 m high and contoured to 
encourage water to drain; 

• If topsoil resources are to be stockpiled for a period in excess of six months, testing of soil 
properties prior to use in rehabilitation should be carried out. The proponent could consider 
conducting soil physiochemical analysis of stockpiled topsoil resources to assess for changes 
in topsoil quality (changes to soil chemistry and biological activity as a result of being stockpiled). 
Key parameters that should be considered during this additional testing, if undertaken, include 
pH, ESP, CEC (major cations), organic matter content and other essential nutrients such as 
nitrate, phosphorous and sulphate; and 

• The application of fertilisers, soil ameliorants and an appropriate seed mix are recommended 
for some SMU’s to increase the likelihood of rehabilitation success. Recommendations relevant 
to SMU’s requiring amendments are discussed in Section 6.1. 

9.6 EROSION MONITORING ON REHABILITATED LANDFORMS 

Erosion monitoring across the landform will be integral to the early detection of erosion and will allow for 
early intervention. Erosion monitoring can be undertaken using physical observation in the field or 
remotely with the use of aerial photography and lidar imagery. A brief description of suitable 
methodologies is provided below.  

9.6.1 Field Assessment Methodologies 

In-field erosion monitoring is based on visual assessments taken over time. Permanent monitoring 
transects, 50 m in length should be established across the landform to provide a basis for temporal 
assessments. Visual observations should be taken whilst traversing the 50 m transects on foot and 
recording the number and average depth of any erosion features, rill lines or gullies. It should be noted 
that the placement of the permanent transects may not be a true reflection of erosion across the 
rehabilitated landforms. General observations should therefore also be undertaken during the 
monitoring event. Visual assessments should identify any evidence of excessive sediment movement, 
including the formation of rills, removal of soil around the base of plants and accumulation of loose 
sediment at the base of slopes. In-field erosion monitoring should also include an assessment of the 
water quality of run-off water released from the catchment of a given rehabilitation area. 

Table 74 records and classifies the severity of erosion observations. The overall classification of the 
erosion on each transect was based on the most severe characteristic of the erosion observed, i.e. 
either the number of rills/gullies or the average depth. For example, a transect may present only one or 
two rills, however, if an average depth of 25 cm is recorded, the transect will be classified as having 
moderate erosion. 
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Erosion classification Minor Moderate Major Extensive 

No. of rill(s)/gully(ies)* < 15 15–30 31–50 > 50 

Average depth (cm) < 10 10–30 30–60 > 60 

*Gully: highly visible form of soil erosion, with steep-sided, incised, drainage lines greater than 30 cm deep 

9.6.2 Remote Sensing Methodologies 

The advent of remote sensing technologies, the increasing availability of satellite imagery and the 
development of accurate, near-field, point-cloud surveying capability (e.g. LiDAR) creates a number of 
options for monitoring indicators relevant to the assessment of rehabilitated areas and sheet, rill and/ or 
gully erosion development more specifically. For rehabilitation assessments, there needs to be a good 
understanding of how such technologies work, as they bring their own specific requirements which must 
be addressed (e.g. coordinate reference systems, datum points, object interference etc.). 

Various remote sensing technologies are now able to be used for the assessment of rehabilitated areas. 
They can be used for assessing the same area over time which can be useful to assess sheet erosion 
and or the development of rill and gully erosion over time, as well as detection of existing rill and gully 
erosion. It is generally recommended that such technologies be used in conjunction with the in-field 
monitoring technologies discussed above to provide a calibration for what is being measured. 
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Appendix A Lab Results 
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:Telephone +61 07 3217 8772 :Telephone +61-7-3243 7222

:Project Vulcan Project Soils Date Samples Received : 08-Aug-2019 13:40

:Order number Date Analysis Commenced : 09-Aug-2019

:C-O-C number ---- Issue Date : 20-Aug-2019 16:53

Sampler : MEGHAN BARNARD

Site : ----

Quote number : EN/222

43:No. of samples received

43:No. of samples analysed

This report supersedes any previous report(s) with this reference. Results apply to the sample(s) as submitted. This document shall not be reproduced, except in full. 

This Certificate of Analysis contains the following information:

l General Comments

l Analytical Results

Additional information pertinent to this report will be found in the following separate attachments: Quality Control Report, QA/QC Compliance Assessment to assist with 

Quality Review and Sample Receipt Notification.

Signatories
This document has been electronically signed by the authorized signatories below. Electronic signing is carried out in compliance with procedures specified in 21 CFR Part 11.

Signatories Accreditation CategoryPosition

Ankit Joshi Inorganic Chemist Sydney Inorganics, Smithfield, NSW

Ben Felgendrejeris Senior Acid Sulfate Soil Chemist Brisbane Acid Sulphate Soils, Stafford, QLD

Kim McCabe Senior Inorganic Chemist Brisbane Acid Sulphate Soils, Stafford, QLD

Kim McCabe Senior Inorganic Chemist Brisbane Inorganics, Stafford, QLD

R I G H T   S O L U T I O N S   |   R I G H T   P A R T N E R
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Work Order :

:Client

EB1920844

Vulcan Project Soils:Project

AARC ENVIRONMENTAL SOLUTIONS PTY LTD

General Comments

The analytical procedures used by the Environmental Division have been developed from established internationally recognized procedures such as those published by the USEPA, APHA, AS and NEPM. In house 

developed procedures are employed in the absence of documented standards or by client request.

Where moisture determination has been performed, results are reported on a dry weight basis.

Where a reported less than (<) result is higher than the LOR, this may be due to primary sample extract/digestate dilution and/or insufficient sample for analysis.

Where the LOR of a reported result differs from standard LOR, this may be due to high moisture content, insufficient sample (reduced weight employed) or matrix interference.

When sampling time information is not provided by the client, sampling dates are shown without a time component.  In these instances, the time component has been assumed by the laboratory for processing 

purposes.

Where a result is required to meet compliance limits the associated uncertainty must be considered. Refer to the ALS Contact for details.

CAS Number = CAS registry number from database maintained by Chemical Abstracts Services. The Chemical Abstracts Service is a division of the American Chemical Society.

LOR = Limit of reporting

^ = This result is computed from individual analyte detections at or above the level of reporting

ø = ALS is not NATA accredited for these tests.

~ = Indicates an estimated value.

Key :

ALS is not NATA accredited for the analysis of Exchangeable Aluminium and Exchange Acidity in soils when performed under ALS Method ED005.l

ALS is not NATA accredited for the analysis of Exchangeable Cations on Alkaline Soils when performed under ALS Method ED006.l

Bulk Density analysis will be conducted by ALS Environmental, Sydney, NATA accreditation no. 825, Site No. 10911 (Micro site no. 14913).l

ED092 (DTPA Extractable Metals): Sample EB1920844 – 009 (VP2 - 10-10cm) shows poor duplicate results due to sample heterogeneity. Confirmed by visual inspection.l

EG005T (Total Metals by ICP-AES): Sample EB1920844 – 031 (VP20 - 10-10cm) shows poor duplicate results due to sample heterogeneity. Confirmed by visual inspection.l

ED006 (Exchangeable Cations on Alkaline Soils): Unable to calculate Calcium/Magnesium Ratio results as required Calcium and/or Magnesium results are less than the limit of reporting.l

ED006 (Exchangeable Cations on Alkaline Soils): Unable to calculate Magnesium/Potassium Ratio result as required Potassium and/or Magnesium results are less than the limit of reporting.l

ED005 (Exchange Acidity by 1M Potassium Chloride): It is recognised that the Exchange Acidity is less than the Exchangeable Aluminium for certain samples. However, the difference is within experimental 

variation of the methods.

l

ED007 (Exchangeable Cations): Unable to calculate Magnesium/Potassium Ratio result as required Exchangeable Potassium results are less than the limit of reporting.l

ED005 (Exchange Acidity by 1M Potassium Chloride): Sample EB1920844 – 015 (VP29 - 80-90cm) shows poor duplicate results due to sample heterogeneity. Confirmed by visual inspection.l

EA058 Emerson: V. = Very, D. = Dark, L. = Light, VD. = Very Darkl

ED007 and ED008: When Exchangeable Al is reported from these methods, it should be noted that Rayment & Lyons (2011) suggests Exchange Acidity by 1M KCl - Method 15G1 (ED005) is a more suitable method 

for the determination of exchange acidity (H+ + Al3+).

l

ALS is not NATA accredited for the analysis of bulk density in a soil matrix.l



3 of 29:Page

Work Order :

:Client

EB1920844

Vulcan Project Soils:Project

AARC ENVIRONMENTAL SOLUTIONS PTY LTD

Analytical Results

VP30 - 10-10cmVP25 - 80-90cmVP25 - 50-60cmVP25 - 20-30cmVP25 - 10-10cmClient sample IDSub-Matrix: SOIL

 (Matrix: SOIL)

08-Aug-2019 00:0008-Aug-2019 00:0008-Aug-2019 00:0008-Aug-2019 00:0008-Aug-2019 00:00Client sampling date / time

EB1920844-005EB1920844-004EB1920844-003EB1920844-002EB1920844-001UnitLORCAS NumberCompound

Result Result Result Result Result

EA002: pH 1:5 (Soils)

6.4 6.7 7.8 9.0 6.4pH Unit0.1----pH Value

EA010: Conductivity (1:5)

18 5 59 174 13µS/cm1----Electrical Conductivity @ 25°C

EA051 : Bulk Density

1580øBulk Density ---- ---- ---- 2130kg/m31BULK_DENSITY

EA055: Moisture Content (Dried @ 105-110°C)

1.8 2.8 7.2 9.1 1.5%0.1----Moisture Content

EA058: Emerson Aggregate Test

Very Dark Brown 

(7.5YR 2.5/2)

Dark Brown (7.5YR 

3/4)

Brown (10YR 4/3) Dark Grayish Brown 

(10YR 4/2)

Very Dark Brown 

(10YR 2/2)

------Color (Munsell)

Clayey Sand Loamy Sand Sandy Clay Loam Clay Loam, Sandy Sandy Clay Loam------Texture

3Emerson Class Number 4 2 2 3--EC/TC

EA150: Particle Sizing

75 ---- ---- ---- 59%1----+75µm

43 ---- ---- ---- 39%1----+150µm

19 ---- ---- ---- 26%1----+300µm

10 ---- ---- ---- 18%1----+425µm

4 ---- ---- ---- 10%1----+600µm

1 ---- ---- ---- 2%1----+1180µm

<1 ---- ---- ---- <1%1----+2.36mm

<1 ---- ---- ---- <1%1----+4.75mm

<1 ---- ---- ---- <1%1----+9.5mm

<1 ---- ---- ---- <1%1----+19.0mm

<1 ---- ---- ---- <1%1----+37.5mm

<1 ---- ---- ---- <1%1----+75.0mm

EA150: Soil Classification based on Particle Size

9 ---- ---- ---- 12%1----Clay (<2 µm)

14 ---- ---- ---- 25%1----Silt (2-60 µm)

77 ---- ---- ---- 62%1----Sand (0.06-2.00 mm)

<1 ---- ---- ---- 1%1----Gravel (>2mm)

<1 ---- ---- ---- <1%1----Cobbles (>6cm)

EA152: Soil Particle Density

2.43 ---- ---- ---- 2.31g/cm30.01----Soil Particle Density (Clay/Silt/Sand)

ED006: Exchangeable Cations on Alkaline Soils
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Work Order :

:Client

EB1920844

Vulcan Project Soils:Project

AARC ENVIRONMENTAL SOLUTIONS PTY LTD

Analytical Results

VP30 - 10-10cmVP25 - 80-90cmVP25 - 50-60cmVP25 - 20-30cmVP25 - 10-10cmClient sample IDSub-Matrix: SOIL

 (Matrix: SOIL)

08-Aug-2019 00:0008-Aug-2019 00:0008-Aug-2019 00:0008-Aug-2019 00:0008-Aug-2019 00:00Client sampling date / time

EB1920844-005EB1920844-004EB1920844-003EB1920844-002EB1920844-001UnitLORCAS NumberCompound

Result Result Result Result Result

ED006: Exchangeable Cations on Alkaline Soils - Continued

----ø ---- 1.1 1.7 ----meq/100g0.2----Exchangeable Calcium

----ø ---- 3.1 5.7 ----meq/100g0.2----Exchangeable Magnesium

----ø ---- <0.2 <0.2 ----meq/100g0.2----Exchangeable Potassium

----ø ---- 0.9 2.3 ----meq/100g0.2----Exchangeable Sodium

----ø ---- 5.1 10.0 ----meq/100g0.2----Cation Exchange Capacity

----ø ---- 18.5 23.3 ----%0.2----Exchangeable Sodium Percent

----ø ---- 0.4 0.3 -----0.2----Calcium/Magnesium Ratio

ED007: Exchangeable Cations

2.3 1.3 ---- ---- 2.9meq/100g0.1----Exchangeable Calcium

0.8 0.4 ---- ---- 1.1meq/100g0.1----Exchangeable Magnesium

0.4 0.1 ---- ---- 0.5meq/100g0.1----Exchangeable Potassium

<0.1 <0.1 ---- ---- <0.1meq/100g0.1----Exchangeable Sodium

3.4 1.8 ---- ---- 4.5meq/100g0.1----Cation Exchange Capacity

0.6 1.0 ---- ---- 1.0%0.1----Exchangeable Sodium Percent

2.9 3.2 ---- ---- 2.6-0.1----Calcium/Magnesium Ratio

2.3 3.2 ---- ---- 2.1-0.1----Magnesium/Potassium Ratio

ED021: Bicarbonate Extractable Potassium (Colwell)

311 105 <100 133 477mg/kg100----Bicarbonate Extractable K (Colwell)

ED040S : Soluble Sulfate by ICPAES

<10Sulfate as SO4 2- ---- ---- ---- <10mg/kg1014808-79-8

<10Sulfur as S ---- ---- ---- <10mg/kg1063705-05-5

48Silica ---- ---- ---- 36mg/kg17631-86-9

23Silicon ---- ---- ---- 17mg/kg17440-21-3

ED045G: Chloride by Discrete Analyser

<10Chloride <10 40 160 <10mg/kg1016887-00-6

ED091 : Calcium Chloride Extractable Boron

<0.2øBoron ---- ---- ---- <0.2mg/kg0.27440-42-8

ED092: DTPA Extractable Metals

<1.00øCopper ---- ---- ---- <1.00mg/kg1.007440-50-8

60.7ø Iron ---- ---- ---- 30.6mg/kg1.007439-89-6

8.92øManganese ---- ---- ---- 13.8mg/kg1.007439-96-5

<1.00øZinc ---- ---- ---- 1.52mg/kg1.007440-66-6

EK057G:  Nitrite as N by Discrete Analyser

<0.1Nitrite as N (Sol.) ---- ---- ---- 0.3mg/kg0.114797-65-0
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Work Order :

:Client

EB1920844

Vulcan Project Soils:Project

AARC ENVIRONMENTAL SOLUTIONS PTY LTD

Analytical Results

VP30 - 10-10cmVP25 - 80-90cmVP25 - 50-60cmVP25 - 20-30cmVP25 - 10-10cmClient sample IDSub-Matrix: SOIL

 (Matrix: SOIL)

08-Aug-2019 00:0008-Aug-2019 00:0008-Aug-2019 00:0008-Aug-2019 00:0008-Aug-2019 00:00Client sampling date / time

EB1920844-005EB1920844-004EB1920844-003EB1920844-002EB1920844-001UnitLORCAS NumberCompound

Result Result Result Result Result

EK058G:  Nitrate as N by Discrete Analyser

2.6Nitrate as N (Sol.) ---- ---- ---- 0.7mg/kg0.114797-55-8

EK059G:  Nitrite plus Nitrate as N (NOx)  by Discrete Analyser

2.6 ---- ---- ---- 1.0mg/kg0.1----Nitrite + Nitrate as N (Sol.)

EK080: Bicarbonate Extractable Phosphorus (Colwell)

<5 <5 <5 <5 <5mg/kg5----Bicarbonate Ext. P (Colwell)

EP004: Organic Matter

2.0 ---- ---- ---- 2.4%0.5----Organic Matter

1.1 ---- ---- ---- 1.4%0.5----Total Organic Carbon
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Work Order :

:Client

EB1920844

Vulcan Project Soils:Project

AARC ENVIRONMENTAL SOLUTIONS PTY LTD

Analytical Results

VP2 - 20-30cmVP2 - 10-10cmVP30 - 80-90cmVP30 - 50-60cmVP30 - 20-30cmClient sample IDSub-Matrix: SOIL

 (Matrix: SOIL)

08-Aug-2019 00:0008-Aug-2019 00:0008-Aug-2019 00:0008-Aug-2019 00:0008-Aug-2019 00:00Client sampling date / time

EB1920844-010EB1920844-009EB1920844-008EB1920844-007EB1920844-006UnitLORCAS NumberCompound

Result Result Result Result Result

EA002: pH 1:5 (Soils)

7.0 7.4 8.6 5.8 5.2pH Unit0.1----pH Value

EA010: Conductivity (1:5)

14 9 101 16 7µS/cm1----Electrical Conductivity @ 25°C

EA051 : Bulk Density

----øBulk Density ---- ---- 5030 ----kg/m31BULK_DENSITY

EA055: Moisture Content (Dried @ 105-110°C)

2.4 1.7 8.0 0.9 3.8%0.1----Moisture Content

EA058: Emerson Aggregate Test

Very Dark Grayish 

Brown (10YR 3/2)

Brown (10YR 4/3) Brown (10YR 4/3) Black (10YR 2/1) Gray (10YR 5/1)------Color (Munsell)

Sandy Clay Loam Clayey Sand Sandy Clay Loamy Sand Loamy Sand------Texture

3Emerson Class Number 3 4 4 3--EC/TC

EA150: Particle Sizing

---- ---- ---- 89 ----%1----+75µm

---- ---- ---- 83 ----%1----+150µm

---- ---- ---- 62 ----%1----+300µm

---- ---- ---- 40 ----%1----+425µm

---- ---- ---- 20 ----%1----+600µm

---- ---- ---- 3 ----%1----+1180µm

---- ---- ---- <1 ----%1----+2.36mm

---- ---- ---- <1 ----%1----+4.75mm

---- ---- ---- <1 ----%1----+9.5mm

---- ---- ---- <1 ----%1----+19.0mm

---- ---- ---- <1 ----%1----+37.5mm

---- ---- ---- <1 ----%1----+75.0mm

EA150: Soil Classification based on Particle Size

---- ---- ---- 3 ----%1----Clay (<2 µm)

---- ---- ---- 8 ----%1----Silt (2-60 µm)

---- ---- ---- 88 ----%1----Sand (0.06-2.00 mm)

---- ---- ---- 1 ----%1----Gravel (>2mm)

---- ---- ---- <1 ----%1----Cobbles (>6cm)

EA152: Soil Particle Density

---- ---- ---- 2.50 ----g/cm30.01----Soil Particle Density (Clay/Silt/Sand)

ED005: Exchange Acidity



7 of 29:Page

Work Order :

:Client

EB1920844

Vulcan Project Soils:Project

AARC ENVIRONMENTAL SOLUTIONS PTY LTD

Analytical Results

VP2 - 20-30cmVP2 - 10-10cmVP30 - 80-90cmVP30 - 50-60cmVP30 - 20-30cmClient sample IDSub-Matrix: SOIL

 (Matrix: SOIL)

08-Aug-2019 00:0008-Aug-2019 00:0008-Aug-2019 00:0008-Aug-2019 00:0008-Aug-2019 00:00Client sampling date / time

EB1920844-010EB1920844-009EB1920844-008EB1920844-007EB1920844-006UnitLORCAS NumberCompound

Result Result Result Result Result

ED005: Exchange Acidity - Continued

----ø ---- ---- <0.1 1.4meq/100g0.1----Exchange Acidity

----ø ---- ---- <0.1 1.4meq/100g0.1----Exchangeable Aluminium

ED006: Exchangeable Cations on Alkaline Soils

----ø 1.5 8.4 ---- ----meq/100g0.2----Exchangeable Calcium

----ø <0.2 0.6 ---- ----meq/100g0.2----Exchangeable Magnesium

----ø <0.2 0.4 ---- ----meq/100g0.2----Exchangeable Potassium

----ø <0.2 <0.2 ---- ----meq/100g0.2----Exchangeable Sodium

----ø 1.5 9.4 ---- ----meq/100g0.2----Cation Exchange Capacity

----ø <0.2 <0.2 ---- ----%0.2----Exchangeable Sodium Percent

----ø ---- 12.9 ---- -----0.2----Calcium/Magnesium Ratio

----ø ---- 1.8 ---- -----0.2----Magnesium/Potassium Ratio

ED007: Exchangeable Cations

2.8 ---- ---- 1.0 <0.1meq/100g0.1----Exchangeable Calcium

1.1 ---- ---- 0.5 0.2meq/100g0.1----Exchangeable Magnesium

0.5 ---- ---- 0.2 0.1meq/100g0.1----Exchangeable Potassium

<0.1 ---- ---- <0.1 <0.1meq/100g0.1----Exchangeable Sodium

---- ---- ---- ---- 1.9meq/100g0.1----Cation Exchange Capacity

4.4 ---- ---- 1.8 ----meq/100g0.1----Cation Exchange Capacity

1.4 ---- ---- 1.7 6.6%0.1----Exchangeable Sodium Percent

2.5 ---- ---- 2.0 <0.1-0.1----Calcium/Magnesium Ratio

2.1 ---- ---- 2.7 2.3-0.1----Magnesium/Potassium Ratio

ED021: Bicarbonate Extractable Potassium (Colwell)

122 126 259 179 118mg/kg100----Bicarbonate Extractable K (Colwell)

ED040S : Soluble Sulfate by ICPAES

----Sulfate as SO4 2- ---- ---- <10 ----mg/kg1014808-79-8

----Sulfur as S ---- ---- <10 ----mg/kg1063705-05-5

----Silica ---- ---- 36 ----mg/kg17631-86-9

----Silicon ---- ---- 17 ----mg/kg17440-21-3

ED045G: Chloride by Discrete Analyser

<10Chloride <10 20 10 <10mg/kg1016887-00-6

ED091 : Calcium Chloride Extractable Boron

----øBoron ---- ---- <0.2 ----mg/kg0.27440-42-8

ED092: DTPA Extractable Metals

----øCopper ---- ---- <1.00 ----mg/kg1.007440-50-8
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Work Order :

:Client

EB1920844

Vulcan Project Soils:Project

AARC ENVIRONMENTAL SOLUTIONS PTY LTD

Analytical Results

VP2 - 20-30cmVP2 - 10-10cmVP30 - 80-90cmVP30 - 50-60cmVP30 - 20-30cmClient sample IDSub-Matrix: SOIL

 (Matrix: SOIL)

08-Aug-2019 00:0008-Aug-2019 00:0008-Aug-2019 00:0008-Aug-2019 00:0008-Aug-2019 00:00Client sampling date / time

EB1920844-010EB1920844-009EB1920844-008EB1920844-007EB1920844-006UnitLORCAS NumberCompound

Result Result Result Result Result

ED092: DTPA Extractable Metals - Continued

----ø Iron ---- ---- 48.1 ----mg/kg1.007439-89-6

----øManganese ---- ---- 5.67 ----mg/kg1.007439-96-5

----øZinc ---- ---- <1.00 ----mg/kg1.007440-66-6

EK057G:  Nitrite as N by Discrete Analyser

----Nitrite as N (Sol.) ---- ---- 0.1 ----mg/kg0.114797-65-0

EK058G:  Nitrate as N by Discrete Analyser

----Nitrate as N (Sol.) ---- ---- 1.5 ----mg/kg0.114797-55-8

EK059G:  Nitrite plus Nitrate as N (NOx)  by Discrete Analyser

---- ---- ---- 1.6 ----mg/kg0.1----Nitrite + Nitrate as N (Sol.)

EK080: Bicarbonate Extractable Phosphorus (Colwell)

<5 <5 <5 <5 <5mg/kg5----Bicarbonate Ext. P (Colwell)

EP004: Organic Matter

---- ---- ---- 1.7 ----%0.5----Organic Matter

---- ---- ---- 1.0 ----%0.5----Total Organic Carbon
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Work Order :

:Client

EB1920844

Vulcan Project Soils:Project

AARC ENVIRONMENTAL SOLUTIONS PTY LTD

Analytical Results

VP29 - 80-90cmVP29 - 50-60cmVP29 - 20-30cmVP29 - 10-10cmVP2 - 50-60cmClient sample IDSub-Matrix: SOIL

 (Matrix: SOIL)

08-Aug-2019 00:0008-Aug-2019 00:0008-Aug-2019 00:0008-Aug-2019 00:0008-Aug-2019 00:00Client sampling date / time

EB1920844-015EB1920844-014EB1920844-013EB1920844-012EB1920844-011UnitLORCAS NumberCompound

Result Result Result Result Result

EA002: pH 1:5 (Soils)

5.0 6.6 6.8 5.5 5.7pH Unit0.1----pH Value

EA010: Conductivity (1:5)

19 57 12 161 312µS/cm1----Electrical Conductivity @ 25°C

EA051 : Bulk Density

----øBulk Density 2640 ---- ---- ----kg/m31BULK_DENSITY

EA055: Moisture Content (Dried @ 105-110°C)

11.6 1.1 1.1 9.0 8.2%0.1----Moisture Content

EA058: Emerson Aggregate Test

Brown (10YR 5/3) Very Dark Grayish 

Brown (10YR 3/2)

Brown (7.5YR 4/3) Brown (10YR 5/3) Light Yellowish 

Brown (10YR 6/4)

------Color (Munsell)

Sandy Clay Loam Loamy Sand Loamy Sand Sandy Clay Sandy Clay------Texture

4Emerson Class Number 4 4 3 3--EC/TC

EA150: Particle Sizing

---- 86 ---- ---- ----%1----+75µm

---- 74 ---- ---- ----%1----+150µm

---- 51 ---- ---- ----%1----+300µm

---- 22 ---- ---- ----%1----+425µm

---- 8 ---- ---- ----%1----+600µm

---- 2 ---- ---- ----%1----+1180µm

---- <1 ---- ---- ----%1----+2.36mm

---- <1 ---- ---- ----%1----+4.75mm

---- <1 ---- ---- ----%1----+9.5mm

---- <1 ---- ---- ----%1----+19.0mm

---- <1 ---- ---- ----%1----+37.5mm

---- <1 ---- ---- ----%1----+75.0mm

EA150: Soil Classification based on Particle Size

---- 6 ---- ---- ----%1----Clay (<2 µm)

---- 6 ---- ---- ----%1----Silt (2-60 µm)

---- 87 ---- ---- ----%1----Sand (0.06-2.00 mm)

---- 1 ---- ---- ----%1----Gravel (>2mm)

---- <1 ---- ---- ----%1----Cobbles (>6cm)

EA152: Soil Particle Density

---- 2.48 ---- ---- ----g/cm30.01----Soil Particle Density (Clay/Silt/Sand)

ED005: Exchange Acidity
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Work Order :

:Client

EB1920844

Vulcan Project Soils:Project

AARC ENVIRONMENTAL SOLUTIONS PTY LTD

Analytical Results

VP29 - 80-90cmVP29 - 50-60cmVP29 - 20-30cmVP29 - 10-10cmVP2 - 50-60cmClient sample IDSub-Matrix: SOIL

 (Matrix: SOIL)

08-Aug-2019 00:0008-Aug-2019 00:0008-Aug-2019 00:0008-Aug-2019 00:0008-Aug-2019 00:00Client sampling date / time

EB1920844-015EB1920844-014EB1920844-013EB1920844-012EB1920844-011UnitLORCAS NumberCompound

Result Result Result Result Result

ED005: Exchange Acidity - Continued

6.0ø ---- ---- 0.6 1.0meq/100g0.1----Exchange Acidity

6.9ø ---- ---- 0.4 0.1meq/100g0.1----Exchangeable Aluminium

ED007: Exchangeable Cations

<0.1 1.5 0.3 0.3 ----meq/100g0.1----Exchangeable Calcium

1.2 0.8 0.2 7.7 ----meq/100g0.1----Exchangeable Magnesium

0.2 0.6 0.2 0.8 ----meq/100g0.1----Exchangeable Potassium

0.1 <0.1 <0.1 1.1 ----meq/100g0.1----Exchangeable Sodium

10.5 ---- ---- 9.4 ----meq/100g0.1----Cation Exchange Capacity

---- 3.0 0.7 ---- ----meq/100g0.1----Cation Exchange Capacity

9.8 0.6 1.6 11.0 ----%0.1----Exchangeable Sodium Percent

<0.1 1.9 1.5 <0.1 -----0.1----Calcium/Magnesium Ratio

7.4 1.4 1.1 10.3 -----0.1----Magnesium/Potassium Ratio

ED008: Exchangeable Cations

---- ---- ---- ---- 0.1meq/100g0.1----Exchangeable Calcium

---- ---- ---- ---- 10.0meq/100g0.1----Exchangeable Magnesium

---- ---- ---- ---- 0.5meq/100g0.1----Exchangeable Potassium

---- ---- ---- ---- 1.1meq/100g0.1----Exchangeable Sodium

---- ---- ---- ---- 12.8meq/100g0.1----Cation Exchange Capacity

---- ---- ---- ---- 9.6%0.1----Exchangeable Sodium Percent

---- ---- ---- ---- <0.1-0.1----Calcium/Magnesium Ratio

---- ---- ---- ---- 20.8-0.1----Magnesium/Potassium Ratio

ED021: Bicarbonate Extractable Potassium (Colwell)

<100 418 211 498 410mg/kg100----Bicarbonate Extractable K (Colwell)

ED040S : Soluble Sulfate by ICPAES

----Sulfate as SO4 2- 10 ---- ---- ----mg/kg1014808-79-8

----Sulfur as S <10 ---- ---- ----mg/kg1063705-05-5

----Silica 40 ---- ---- ----mg/kg17631-86-9

----Silicon 19 ---- ---- ----mg/kg17440-21-3

ED045G: Chloride by Discrete Analyser

10Chloride 20 <10 200 420mg/kg1016887-00-6

ED091 : Calcium Chloride Extractable Boron

----øBoron <0.2 ---- ---- ----mg/kg0.27440-42-8

ED092: DTPA Extractable Metals

----øCopper <1.00 ---- ---- ----mg/kg1.007440-50-8
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Work Order :

:Client

EB1920844

Vulcan Project Soils:Project

AARC ENVIRONMENTAL SOLUTIONS PTY LTD

Analytical Results

VP29 - 80-90cmVP29 - 50-60cmVP29 - 20-30cmVP29 - 10-10cmVP2 - 50-60cmClient sample IDSub-Matrix: SOIL

 (Matrix: SOIL)

08-Aug-2019 00:0008-Aug-2019 00:0008-Aug-2019 00:0008-Aug-2019 00:0008-Aug-2019 00:00Client sampling date / time

EB1920844-015EB1920844-014EB1920844-013EB1920844-012EB1920844-011UnitLORCAS NumberCompound

Result Result Result Result Result

ED092: DTPA Extractable Metals - Continued

----ø Iron 63.3 ---- ---- ----mg/kg1.007439-89-6

----øManganese 8.80 ---- ---- ----mg/kg1.007439-96-5

----øZinc 2.20 ---- ---- ----mg/kg1.007440-66-6

EK057G:  Nitrite as N by Discrete Analyser

----Nitrite as N (Sol.) 0.2 ---- ---- ----mg/kg0.114797-65-0

EK058G:  Nitrate as N by Discrete Analyser

----Nitrate as N (Sol.) 7.1 ---- ---- ----mg/kg0.114797-55-8

EK059G:  Nitrite plus Nitrate as N (NOx)  by Discrete Analyser

---- 7.3 ---- ---- ----mg/kg0.1----Nitrite + Nitrate as N (Sol.)

EK080: Bicarbonate Extractable Phosphorus (Colwell)

<5 15 <5 <5 <5mg/kg5----Bicarbonate Ext. P (Colwell)

EP004: Organic Matter

---- 2.2 ---- ---- ----%0.5----Organic Matter

---- 1.2 ---- ---- ----%0.5----Total Organic Carbon
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Work Order :

:Client

EB1920844

Vulcan Project Soils:Project

AARC ENVIRONMENTAL SOLUTIONS PTY LTD

Analytical Results

VP31 - 10-10cmVP17 - 80-90cmVP17 - 50-60cmVP17 - 20-30cmVP17 - 10-10cmClient sample IDSub-Matrix: SOIL

 (Matrix: SOIL)

08-Aug-2019 00:0008-Aug-2019 00:0008-Aug-2019 00:0008-Aug-2019 00:0008-Aug-2019 00:00Client sampling date / time

EB1920844-020EB1920844-019EB1920844-018EB1920844-017EB1920844-016UnitLORCAS NumberCompound

Result Result Result Result Result

EA002: pH 1:5 (Soils)

5.5 5.5 5.8 5.6 8.1pH Unit0.1----pH Value

EA010: Conductivity (1:5)

4 5 35 154 135µS/cm1----Electrical Conductivity @ 25°C

EA051 : Bulk Density

2160øBulk Density ---- ---- ---- 1830kg/m31BULK_DENSITY

EA055: Moisture Content (Dried @ 105-110°C)

1.6 2.4 3.8 8.6 5.5%0.1----Moisture Content

EA058: Emerson Aggregate Test

Very Dark Brown 

(10YR 2/2)

Dark Brown (10YR 

3/3)

Brown (10YR 5/3) Dark Yellowish 

Brown (10YR 4/4)

Black (10YR 2/1)------Color (Munsell)

Loamy Sand Loamy Sand Clay Loam, Sandy Clay Loam, Sandy Sandy Clay------Texture

3Emerson Class Number 4 4 4 4--EC/TC

EA150: Particle Sizing

80 ---- ---- ---- 51%1----+75µm

62 ---- ---- ---- 34%1----+150µm

37 ---- ---- ---- 18%1----+300µm

25 ---- ---- ---- 12%1----+425µm

16 ---- ---- ---- 8%1----+600µm

6 ---- ---- ---- 4%1----+1180µm

2 ---- ---- ---- 2%1----+2.36mm

<1 ---- ---- ---- <1%1----+4.75mm

<1 ---- ---- ---- <1%1----+9.5mm

<1 ---- ---- ---- <1%1----+19.0mm

<1 ---- ---- ---- <1%1----+37.5mm

<1 ---- ---- ---- <1%1----+75.0mm

EA150: Soil Classification based on Particle Size

10 ---- ---- ---- 28%1----Clay (<2 µm)

8 ---- ---- ---- 19%1----Silt (2-60 µm)

79 ---- ---- ---- 51%1----Sand (0.06-2.00 mm)

3 ---- ---- ---- 2%1----Gravel (>2mm)

<1 ---- ---- ---- <1%1----Cobbles (>6cm)

EA152: Soil Particle Density

2.48 ---- ---- ---- 2.13g/cm30.01----Soil Particle Density (Clay/Silt/Sand)

ED005: Exchange Acidity
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Work Order :

:Client

EB1920844

Vulcan Project Soils:Project

AARC ENVIRONMENTAL SOLUTIONS PTY LTD

Analytical Results

VP31 - 10-10cmVP17 - 80-90cmVP17 - 50-60cmVP17 - 20-30cmVP17 - 10-10cmClient sample IDSub-Matrix: SOIL

 (Matrix: SOIL)

08-Aug-2019 00:0008-Aug-2019 00:0008-Aug-2019 00:0008-Aug-2019 00:0008-Aug-2019 00:00Client sampling date / time

EB1920844-020EB1920844-019EB1920844-018EB1920844-017EB1920844-016UnitLORCAS NumberCompound

Result Result Result Result Result

ED005: Exchange Acidity - Continued

0.7ø 0.8 0.4 0.3 ----meq/100g0.1----Exchange Acidity

0.6ø 0.8 0.4 0.2 ----meq/100g0.1----Exchangeable Aluminium

ED006: Exchangeable Cations on Alkaline Soils

----ø ---- ---- ---- 8.8meq/100g0.2----Exchangeable Calcium

----ø ---- ---- ---- 6.2meq/100g0.2----Exchangeable Magnesium

----ø ---- ---- ---- 0.3meq/100g0.2----Exchangeable Potassium

----ø ---- ---- ---- 0.2meq/100g0.2----Exchangeable Sodium

----ø ---- ---- ---- 15.5meq/100g0.2----Cation Exchange Capacity

----ø ---- ---- ---- 1.4%0.2----Exchangeable Sodium Percent

----ø ---- ---- ---- 1.4-0.2----Calcium/Magnesium Ratio

----ø ---- ---- ---- 22.4-0.2----Magnesium/Potassium Ratio

ED007: Exchangeable Cations

0.8 0.1 <0.1 <0.1 ----meq/100g0.1----Exchangeable Calcium

0.5 0.6 1.8 5.4 ----meq/100g0.1----Exchangeable Magnesium

0.4 0.3 0.2 0.2 ----meq/100g0.1----Exchangeable Potassium

<0.1 <0.1 0.3 1.5 ----meq/100g0.1----Exchangeable Sodium

2.3 1.8 2.7 7.3 ----meq/100g0.1----Cation Exchange Capacity

1.0 2.6 12.1 21.5 ----%0.1----Exchangeable Sodium Percent

1.6 0.2 <0.1 <0.1 -----0.1----Calcium/Magnesium Ratio

1.5 2.2 11.4 33.3 -----0.1----Magnesium/Potassium Ratio

ED021: Bicarbonate Extractable Potassium (Colwell)

335 224 175 118 182mg/kg100----Bicarbonate Extractable K (Colwell)

ED040S : Soluble Sulfate by ICPAES

<10Sulfate as SO4 2- ---- ---- ---- <10mg/kg1014808-79-8

<10Sulfur as S ---- ---- ---- <10mg/kg1063705-05-5

34Silica ---- ---- ---- 62mg/kg17631-86-9

16Silicon ---- ---- ---- 29mg/kg17440-21-3

ED045G: Chloride by Discrete Analyser

<10Chloride <10 50 110 10mg/kg1016887-00-6

ED091 : Calcium Chloride Extractable Boron

<0.2øBoron ---- ---- ---- <0.2mg/kg0.27440-42-8

ED092: DTPA Extractable Metals

<1.00øCopper ---- ---- ---- <1.00mg/kg1.007440-50-8

82.1ø Iron ---- ---- ---- 27.0mg/kg1.007439-89-6
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Work Order :

:Client

EB1920844

Vulcan Project Soils:Project

AARC ENVIRONMENTAL SOLUTIONS PTY LTD

Analytical Results

VP31 - 10-10cmVP17 - 80-90cmVP17 - 50-60cmVP17 - 20-30cmVP17 - 10-10cmClient sample IDSub-Matrix: SOIL

 (Matrix: SOIL)

08-Aug-2019 00:0008-Aug-2019 00:0008-Aug-2019 00:0008-Aug-2019 00:0008-Aug-2019 00:00Client sampling date / time

EB1920844-020EB1920844-019EB1920844-018EB1920844-017EB1920844-016UnitLORCAS NumberCompound

Result Result Result Result Result

ED092: DTPA Extractable Metals - Continued

4.64øManganese ---- ---- ---- 24.5mg/kg1.007439-96-5

<1.00øZinc ---- ---- ---- <1.00mg/kg1.007440-66-6

EK057G:  Nitrite as N by Discrete Analyser

0.1Nitrite as N (Sol.) ---- ---- ---- 0.2mg/kg0.114797-65-0

EK058G:  Nitrate as N by Discrete Analyser

0.2Nitrate as N (Sol.) ---- ---- ---- 0.2mg/kg0.114797-55-8

EK059G:  Nitrite plus Nitrate as N (NOx)  by Discrete Analyser

0.3 ---- ---- ---- 0.4mg/kg0.1----Nitrite + Nitrate as N (Sol.)

EK080: Bicarbonate Extractable Phosphorus (Colwell)

<5 <5 <5 <5 <5mg/kg5----Bicarbonate Ext. P (Colwell)

EP004: Organic Matter

1.8 ---- ---- ---- 3.6%0.5----Organic Matter

1.0 ---- ---- ---- 2.1%0.5----Total Organic Carbon
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Work Order :

:Client

EB1920844

Vulcan Project Soils:Project

AARC ENVIRONMENTAL SOLUTIONS PTY LTD

Analytical Results

VP32 - 20-30cmVP32 - 10-10cmVP31 - 80-90cmVP31 - 50-60cmVP31 - 20-30cmClient sample IDSub-Matrix: SOIL

 (Matrix: SOIL)

08-Aug-2019 00:0008-Aug-2019 00:0008-Aug-2019 00:0008-Aug-2019 00:0008-Aug-2019 00:00Client sampling date / time

EB1920844-025EB1920844-024EB1920844-023EB1920844-022EB1920844-021UnitLORCAS NumberCompound

Result Result Result Result Result

EA002: pH 1:5 (Soils)

8.4 9.5 9.6 6.8 8.5pH Unit0.1----pH Value

EA010: Conductivity (1:5)

54 321 575 11 142µS/cm1----Electrical Conductivity @ 25°C

EA051 : Bulk Density

----øBulk Density ---- ---- 2890 ----kg/m31BULK_DENSITY

EA055: Moisture Content (Dried @ 105-110°C)

12.2 13.1 12.9 2.4 7.8%0.1----Moisture Content

EA058: Emerson Aggregate Test

Black (10YR 2/1) Black (10YR 2/1) Black (10YR 2/1) Very Dark Brown 

(7.5YR 2.5/2)

Very Dark Brown 

(7.5YR 2.5/3)

------Color (Munsell)

Sandy Clay Sandy Clay Sandy Clay Sandy Clay Loam Clay Loam, Sandy------Texture

3Emerson Class Number 3 4 3 3--EC/TC

EA150: Particle Sizing

---- ---- ---- 55 ----%1----+75µm

---- ---- ---- 44 ----%1----+150µm

---- ---- ---- 27 ----%1----+300µm

---- ---- ---- 18 ----%1----+425µm

---- ---- ---- 11 ----%1----+600µm

---- ---- ---- 4 ----%1----+1180µm

---- ---- ---- <1 ----%1----+2.36mm

---- ---- ---- <1 ----%1----+4.75mm

---- ---- ---- <1 ----%1----+9.5mm

---- ---- ---- <1 ----%1----+19.0mm

---- ---- ---- <1 ----%1----+37.5mm

---- ---- ---- <1 ----%1----+75.0mm

EA150: Soil Classification based on Particle Size

---- ---- ---- 32 ----%1----Clay (<2 µm)

---- ---- ---- 11 ----%1----Silt (2-60 µm)

---- ---- ---- 55 ----%1----Sand (0.06-2.00 mm)

---- ---- ---- 2 ----%1----Gravel (>2mm)

---- ---- ---- <1 ----%1----Cobbles (>6cm)

EA152: Soil Particle Density

---- ---- ---- 2.24 ----g/cm30.01----Soil Particle Density (Clay/Silt/Sand)

ED006: Exchangeable Cations on Alkaline Soils
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Work Order :

:Client

EB1920844

Vulcan Project Soils:Project

AARC ENVIRONMENTAL SOLUTIONS PTY LTD

Analytical Results

VP32 - 20-30cmVP32 - 10-10cmVP31 - 80-90cmVP31 - 50-60cmVP31 - 20-30cmClient sample IDSub-Matrix: SOIL

 (Matrix: SOIL)

08-Aug-2019 00:0008-Aug-2019 00:0008-Aug-2019 00:0008-Aug-2019 00:0008-Aug-2019 00:00Client sampling date / time

EB1920844-025EB1920844-024EB1920844-023EB1920844-022EB1920844-021UnitLORCAS NumberCompound

Result Result Result Result Result

ED006: Exchangeable Cations on Alkaline Soils - Continued

9.4ø 5.7 4.3 ---- 4.3meq/100g0.2----Exchangeable Calcium

10.1ø 16.4 17.7 ---- 10.0meq/100g0.2----Exchangeable Magnesium

<0.2ø <0.2 <0.2 ---- <0.2meq/100g0.2----Exchangeable Potassium

1.5ø 4.5 5.8 ---- 2.1meq/100g0.2----Exchangeable Sodium

21.0ø 26.6 27.7 ---- 16.4meq/100g0.2----Cation Exchange Capacity

7.0ø 16.9 20.8 ---- 13.0%0.2----Exchangeable Sodium Percent

0.9ø 0.3 0.2 ---- 0.4-0.2----Calcium/Magnesium Ratio

ED007: Exchangeable Cations

---- ---- ---- 3.7 ----meq/100g0.1----Exchangeable Calcium

---- ---- ---- 3.0 ----meq/100g0.1----Exchangeable Magnesium

---- ---- ---- 0.2 ----meq/100g0.1----Exchangeable Potassium

---- ---- ---- 0.2 ----meq/100g0.1----Exchangeable Sodium

---- ---- ---- 7.0 ----meq/100g0.1----Cation Exchange Capacity

---- ---- ---- 2.4 ----%0.1----Exchangeable Sodium Percent

---- ---- ---- 1.2 -----0.1----Calcium/Magnesium Ratio

---- ---- ---- 14.1 -----0.1----Magnesium/Potassium Ratio

ED021: Bicarbonate Extractable Potassium (Colwell)

<100 <100 <100 146 <100mg/kg100----Bicarbonate Extractable K (Colwell)

ED040S : Soluble Sulfate by ICPAES

----Sulfate as SO4 2- ---- ---- <10 ----mg/kg1014808-79-8

----Sulfur as S ---- ---- <10 ----mg/kg1063705-05-5

----Silica ---- ---- 38 ----mg/kg17631-86-9

----Silicon ---- ---- 18 ----mg/kg17440-21-3

ED045G: Chloride by Discrete Analyser

40Chloride 180 540 <10 80mg/kg1016887-00-6

ED091 : Calcium Chloride Extractable Boron

----øBoron ---- ---- <0.2 ----mg/kg0.27440-42-8

ED092: DTPA Extractable Metals

----øCopper ---- ---- <1.00 ----mg/kg1.007440-50-8

----ø Iron ---- ---- 26.6 ----mg/kg1.007439-89-6

----øManganese ---- ---- 6.80 ----mg/kg1.007439-96-5

----øZinc ---- ---- <1.00 ----mg/kg1.007440-66-6

EK057G:  Nitrite as N by Discrete Analyser

----Nitrite as N (Sol.) ---- ---- 0.2 ----mg/kg0.114797-65-0
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Work Order :

:Client

EB1920844

Vulcan Project Soils:Project

AARC ENVIRONMENTAL SOLUTIONS PTY LTD

Analytical Results

VP32 - 20-30cmVP32 - 10-10cmVP31 - 80-90cmVP31 - 50-60cmVP31 - 20-30cmClient sample IDSub-Matrix: SOIL

 (Matrix: SOIL)

08-Aug-2019 00:0008-Aug-2019 00:0008-Aug-2019 00:0008-Aug-2019 00:0008-Aug-2019 00:00Client sampling date / time

EB1920844-025EB1920844-024EB1920844-023EB1920844-022EB1920844-021UnitLORCAS NumberCompound

Result Result Result Result Result

EK058G:  Nitrate as N by Discrete Analyser

----Nitrate as N (Sol.) ---- ---- 0.3 ----mg/kg0.114797-55-8

EK059G:  Nitrite plus Nitrate as N (NOx)  by Discrete Analyser

---- ---- ---- 0.5 ----mg/kg0.1----Nitrite + Nitrate as N (Sol.)

EK080: Bicarbonate Extractable Phosphorus (Colwell)

<5 <5 <5 <5 <5mg/kg5----Bicarbonate Ext. P (Colwell)

EP004: Organic Matter

---- ---- ---- 2.7 ----%0.5----Organic Matter

---- ---- ---- 1.6 ----%0.5----Total Organic Carbon
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Work Order :

:Client

EB1920844

Vulcan Project Soils:Project

AARC ENVIRONMENTAL SOLUTIONS PTY LTD

Analytical Results

VP23 - 50-60cmVP23 - 20-30cmVP23 - 10-10cmVP32 - 80-90cmVP32 - 50-60cmClient sample IDSub-Matrix: SOIL

 (Matrix: SOIL)

08-Aug-2019 00:0008-Aug-2019 00:0008-Aug-2019 00:0008-Aug-2019 00:0008-Aug-2019 00:00Client sampling date / time

EB1920844-030EB1920844-029EB1920844-028EB1920844-027EB1920844-026UnitLORCAS NumberCompound

Result Result Result Result Result

EA002: pH 1:5 (Soils)

9.5 9.5 6.1 6.1 6.1pH Unit0.1----pH Value

EA010: Conductivity (1:5)

582 641 12 5 2µS/cm1----Electrical Conductivity @ 25°C

EA051 : Bulk Density

----øBulk Density ---- 2880 ---- ----kg/m31BULK_DENSITY

EA055: Moisture Content (Dried @ 105-110°C)

8.0 7.6 2.4 3.0 1.5%0.1----Moisture Content

EA058: Emerson Aggregate Test

Brown (7.5YR 4/3) Dark Yellowish 

Brown (10YR 4/4)

Very Dark Grayish 

Brown (10YR 3/2)

Very Dark Grayish 

Brown (10YR 3/2)

Dark Brown (10YR 

3/3)

------Color (Munsell)

Sandy Clay Clay Loam, Sandy Loamy Sand Loamy Sand Loamy Sand------Texture

4Emerson Class Number 4 3 3 4--EC/TC

EA150: Particle Sizing

---- ---- 86 ---- ----%1----+75µm

---- ---- 61 ---- ----%1----+150µm

---- ---- 39 ---- ----%1----+300µm

---- ---- 26 ---- ----%1----+425µm

---- ---- 14 ---- ----%1----+600µm

---- ---- 3 ---- ----%1----+1180µm

---- ---- <1 ---- ----%1----+2.36mm

---- ---- <1 ---- ----%1----+4.75mm

---- ---- <1 ---- ----%1----+9.5mm

---- ---- <1 ---- ----%1----+19.0mm

---- ---- <1 ---- ----%1----+37.5mm

---- ---- <1 ---- ----%1----+75.0mm

EA150: Soil Classification based on Particle Size

---- ---- 7 ---- ----%1----Clay (<2 µm)

---- ---- 6 ---- ----%1----Silt (2-60 µm)

---- ---- 86 ---- ----%1----Sand (0.06-2.00 mm)

---- ---- 1 ---- ----%1----Gravel (>2mm)

---- ---- <1 ---- ----%1----Cobbles (>6cm)

EA152: Soil Particle Density

---- ---- 2.56 ---- ----g/cm30.01----Soil Particle Density (Clay/Silt/Sand)

ED006: Exchangeable Cations on Alkaline Soils
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Work Order :

:Client

EB1920844

Vulcan Project Soils:Project

AARC ENVIRONMENTAL SOLUTIONS PTY LTD

Analytical Results

VP23 - 50-60cmVP23 - 20-30cmVP23 - 10-10cmVP32 - 80-90cmVP32 - 50-60cmClient sample IDSub-Matrix: SOIL

 (Matrix: SOIL)

08-Aug-2019 00:0008-Aug-2019 00:0008-Aug-2019 00:0008-Aug-2019 00:0008-Aug-2019 00:00Client sampling date / time

EB1920844-030EB1920844-029EB1920844-028EB1920844-027EB1920844-026UnitLORCAS NumberCompound

Result Result Result Result Result

ED006: Exchangeable Cations on Alkaline Soils - Continued

3.0ø 2.1 ---- ---- ----meq/100g0.2----Exchangeable Calcium

9.5ø 9.6 ---- ---- ----meq/100g0.2----Exchangeable Magnesium

<0.2ø <0.2 ---- ---- ----meq/100g0.2----Exchangeable Potassium

2.8ø 3.2 ---- ---- ----meq/100g0.2----Exchangeable Sodium

15.3ø 14.9 ---- ---- ----meq/100g0.2----Cation Exchange Capacity

18.2ø 21.6 ---- ---- ----%0.2----Exchangeable Sodium Percent

0.3ø 0.2 ---- ---- -----0.2----Calcium/Magnesium Ratio

ED007: Exchangeable Cations

---- ---- 1.3 1.2 0.9meq/100g0.1----Exchangeable Calcium

---- ---- 0.7 0.6 0.5meq/100g0.1----Exchangeable Magnesium

---- ---- 0.2 0.2 0.1meq/100g0.1----Exchangeable Potassium

---- ---- <0.1 <0.1 <0.1meq/100g0.1----Exchangeable Sodium

---- ---- 2.2 2.1 1.6meq/100g0.1----Cation Exchange Capacity

---- ---- 0.5 0.8 1.4%0.1----Exchangeable Sodium Percent

---- ---- 1.8 2.0 1.8-0.1----Calcium/Magnesium Ratio

---- ---- 3.9 3.2 3.8-0.1----Magnesium/Potassium Ratio

ED021: Bicarbonate Extractable Potassium (Colwell)

<100 <100 208 218 164mg/kg100----Bicarbonate Extractable K (Colwell)

ED040S : Soluble Sulfate by ICPAES

----Sulfate as SO4 2- ---- <10 ---- ----mg/kg1014808-79-8

----Sulfur as S ---- <10 ---- ----mg/kg1063705-05-5

----Silica ---- 38 ---- ----mg/kg17631-86-9

----Silicon ---- 18 ---- ----mg/kg17440-21-3

ED045G: Chloride by Discrete Analyser

620Chloride 730 <10 <10 <10mg/kg1016887-00-6

ED091 : Calcium Chloride Extractable Boron

----øBoron ---- <0.2 ---- ----mg/kg0.27440-42-8

ED092: DTPA Extractable Metals

----øCopper ---- <1.00 ---- ----mg/kg1.007440-50-8

----ø Iron ---- 76.0 ---- ----mg/kg1.007439-89-6

----øManganese ---- 4.24 ---- ----mg/kg1.007439-96-5

----øZinc ---- <1.00 ---- ----mg/kg1.007440-66-6

EK057G:  Nitrite as N by Discrete Analyser

----Nitrite as N (Sol.) ---- <0.1 ---- ----mg/kg0.114797-65-0
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Work Order :

:Client

EB1920844

Vulcan Project Soils:Project

AARC ENVIRONMENTAL SOLUTIONS PTY LTD

Analytical Results

VP23 - 50-60cmVP23 - 20-30cmVP23 - 10-10cmVP32 - 80-90cmVP32 - 50-60cmClient sample IDSub-Matrix: SOIL

 (Matrix: SOIL)

08-Aug-2019 00:0008-Aug-2019 00:0008-Aug-2019 00:0008-Aug-2019 00:0008-Aug-2019 00:00Client sampling date / time

EB1920844-030EB1920844-029EB1920844-028EB1920844-027EB1920844-026UnitLORCAS NumberCompound

Result Result Result Result Result

EK058G:  Nitrate as N by Discrete Analyser

----Nitrate as N (Sol.) ---- 1.0 ---- ----mg/kg0.114797-55-8

EK059G:  Nitrite plus Nitrate as N (NOx)  by Discrete Analyser

---- ---- 1.0 ---- ----mg/kg0.1----Nitrite + Nitrate as N (Sol.)

EK080: Bicarbonate Extractable Phosphorus (Colwell)

<5 <5 <5 <5 <5mg/kg5----Bicarbonate Ext. P (Colwell)

EP004: Organic Matter

---- ---- 2.1 ---- ----%0.5----Organic Matter

---- ---- 1.2 ---- ----%0.5----Total Organic Carbon
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Work Order :

:Client

EB1920844

Vulcan Project Soils:Project

AARC ENVIRONMENTAL SOLUTIONS PTY LTD

Analytical Results

VP10 - 20-30cmVP10 - 10-10cmVP20 - 50-60mVP20 - 20-30cmVP20 - 10-10cmClient sample IDSub-Matrix: SOIL

 (Matrix: SOIL)

08-Aug-2019 00:0008-Aug-2019 00:0008-Aug-2019 00:0008-Aug-2019 00:0008-Aug-2019 00:00Client sampling date / time

EB1920844-035EB1920844-034EB1920844-033EB1920844-032EB1920844-031UnitLORCAS NumberCompound

Result Result Result Result Result

EA002: pH 1:5 (Soils)

5.6 5.3 5.4 4.6 4.9pH Unit0.1----pH Value

EA010: Conductivity (1:5)

32 11 21 128 25µS/cm1----Electrical Conductivity @ 25°C

EA051 : Bulk Density

2620øBulk Density ---- ---- 2870 ----kg/m31BULK_DENSITY

EA055: Moisture Content (Dried @ 105-110°C)

2.2 3.2 12.3 2.0 5.0%0.1----Moisture Content

EA058: Emerson Aggregate Test

Very Dark Gray 

(10YR 3/1)

Dark Brown (7.5YR 

3/4)

Dark Reddish Brown 

(2.5YR 2.5/4)

Black (10YR 2/1) Very Dark Brown 

(10YR 2/2)

------Color (Munsell)

Loamy Sand Loamy Sand Sandy Clay Clayey Sand Clayey Sand------Texture

3Emerson Class Number 3 4 3 3--EC/TC

EA150: Particle Sizing

65 ---- ---- 73 ----%1----+75µm

39 ---- ---- 49 ----%1----+150µm

13 ---- ---- 38 ----%1----+300µm

8 ---- ---- 26 ----%1----+425µm

5 ---- ---- 15 ----%1----+600µm

2 ---- ---- 5 ----%1----+1180µm

<1 ---- ---- 2 ----%1----+2.36mm

<1 ---- ---- <1 ----%1----+4.75mm

<1 ---- ---- <1 ----%1----+9.5mm

<1 ---- ---- <1 ----%1----+19.0mm

<1 ---- ---- <1 ----%1----+37.5mm

<1 ---- ---- <1 ----%1----+75.0mm

EA150: Soil Classification based on Particle Size

14 ---- ---- 12 ----%1----Clay (<2 µm)

19 ---- ---- 10 ----%1----Silt (2-60 µm)

66 ---- ---- 75 ----%1----Sand (0.06-2.00 mm)

1 ---- ---- 3 ----%1----Gravel (>2mm)

<1 ---- ---- <1 ----%1----Cobbles (>6cm)

EA152: Soil Particle Density

2.30 ---- ---- 2.29 ----g/cm30.01----Soil Particle Density (Clay/Silt/Sand)

ED005: Exchange Acidity



22 of 29:Page

Work Order :

:Client

EB1920844

Vulcan Project Soils:Project

AARC ENVIRONMENTAL SOLUTIONS PTY LTD

Analytical Results

VP10 - 20-30cmVP10 - 10-10cmVP20 - 50-60mVP20 - 20-30cmVP20 - 10-10cmClient sample IDSub-Matrix: SOIL

 (Matrix: SOIL)

08-Aug-2019 00:0008-Aug-2019 00:0008-Aug-2019 00:0008-Aug-2019 00:0008-Aug-2019 00:00Client sampling date / time

EB1920844-035EB1920844-034EB1920844-033EB1920844-032EB1920844-031UnitLORCAS NumberCompound

Result Result Result Result Result

ED005: Exchange Acidity - Continued

<0.1ø 1.1 1.8 1.1 2.4meq/100g0.1----Exchange Acidity

<0.1ø 1.0 2.0 0.9 2.8meq/100g0.1----Exchangeable Aluminium

ED007: Exchangeable Cations

3.6 1.0 1.5 1.3 0.1meq/100g0.1----Exchangeable Calcium

0.7 0.6 3.2 0.6 0.5meq/100g0.1----Exchangeable Magnesium

0.4 0.2 0.2 0.5 0.3meq/100g0.1----Exchangeable Potassium

<0.1 <0.1 0.2 <0.1 <0.1meq/100g0.1----Exchangeable Sodium

---- 2.9 6.9 3.7 3.5meq/100g0.1----Cation Exchange Capacity

4.8 ---- ---- ---- ----meq/100g0.1----Cation Exchange Capacity

1.3 1.9 3.8 3.2 9.2%0.1----Exchangeable Sodium Percent

5.1 1.7 0.5 2.2 0.2-0.1----Calcium/Magnesium Ratio

1.6 3.0 16.0 1.2 1.4-0.1----Magnesium/Potassium Ratio

ED021: Bicarbonate Extractable Potassium (Colwell)

361 216 143 446 380mg/kg100----Bicarbonate Extractable K (Colwell)

ED040S : Soluble Sulfate by ICPAES

10Sulfate as SO4 2- ---- ---- 30 ----mg/kg1014808-79-8

<10Sulfur as S ---- ---- <10 ----mg/kg1063705-05-5

25Silica ---- ---- 31 ----mg/kg17631-86-9

12Silicon ---- ---- 14 ----mg/kg17440-21-3

ED045G: Chloride by Discrete Analyser

<10Chloride <10 10 50 10mg/kg1016887-00-6

ED091 : Calcium Chloride Extractable Boron

<0.2øBoron ---- ---- 0.3 ----mg/kg0.27440-42-8

ED092: DTPA Extractable Metals

<1.00øCopper ---- ---- <1.00 ----mg/kg1.007440-50-8

45.4ø Iron ---- ---- 226 ----mg/kg1.007439-89-6

12.0øManganese ---- ---- 8.00 ----mg/kg1.007439-96-5

1.40øZinc ---- ---- <1.00 ----mg/kg1.007440-66-6

EK057G:  Nitrite as N by Discrete Analyser

0.1Nitrite as N (Sol.) ---- ---- 0.2 ----mg/kg0.114797-65-0

EK058G:  Nitrate as N by Discrete Analyser

10.9Nitrate as N (Sol.) ---- ---- 35.8 ----mg/kg0.114797-55-8

EK059G:  Nitrite plus Nitrate as N (NOx)  by Discrete Analyser

11.0 ---- ---- 36.0 ----mg/kg0.1----Nitrite + Nitrate as N (Sol.)
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Work Order :

:Client

EB1920844

Vulcan Project Soils:Project

AARC ENVIRONMENTAL SOLUTIONS PTY LTD

Analytical Results

VP10 - 20-30cmVP10 - 10-10cmVP20 - 50-60mVP20 - 20-30cmVP20 - 10-10cmClient sample IDSub-Matrix: SOIL

 (Matrix: SOIL)

08-Aug-2019 00:0008-Aug-2019 00:0008-Aug-2019 00:0008-Aug-2019 00:0008-Aug-2019 00:00Client sampling date / time

EB1920844-035EB1920844-034EB1920844-033EB1920844-032EB1920844-031UnitLORCAS NumberCompound

Result Result Result Result Result

EK080: Bicarbonate Extractable Phosphorus (Colwell)

<5 <5 <5 <5 <5mg/kg5----Bicarbonate Ext. P (Colwell)

EP004: Organic Matter

2.5 ---- ---- 4.1 ----%0.5----Organic Matter

1.4 ---- ---- 2.4 ----%0.5----Total Organic Carbon
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Work Order :

:Client

EB1920844

Vulcan Project Soils:Project

AARC ENVIRONMENTAL SOLUTIONS PTY LTD

Analytical Results

VP27 - 50-60cmVP27 - 20-30cmVP27 - 10-10cmVP10 - 80-90cmVP10 - 50-60cmClient sample IDSub-Matrix: SOIL

 (Matrix: SOIL)

08-Aug-2019 00:0008-Aug-2019 00:0008-Aug-2019 00:0008-Aug-2019 00:0008-Aug-2019 00:00Client sampling date / time

EB1920844-040EB1920844-039EB1920844-038EB1920844-037EB1920844-036UnitLORCAS NumberCompound

Result Result Result Result Result

EA002: pH 1:5 (Soils)

5.9 6.0 5.5 5.2 5.3pH Unit0.1----pH Value

EA010: Conductivity (1:5)

20 108 46 42 59µS/cm1----Electrical Conductivity @ 25°C

EA051 : Bulk Density

----øBulk Density ---- 2780 ---- ----kg/m31BULK_DENSITY

EA055: Moisture Content (Dried @ 105-110°C)

11.6 9.9 1.0 4.3 5.3%0.1----Moisture Content

EA058: Emerson Aggregate Test

Dark Reddish Brown 

(5YR 3/4)

Dark Reddish Brown 

(5YR 3/4)

Very Dark Gray 

(10YR 3/1)

Dark Gray (10YR 4/1) Dark Gray (10YR 4/1)------Color (Munsell)

Sandy Clay Loam Sandy Clay Sandy Clay Loam Sandy Clay Sandy Clay------Texture

3Emerson Class Number 2 3 3 3--EC/TC

EA150: Particle Sizing

---- ---- 60 ---- ----%1----+75µm

---- ---- 41 ---- ----%1----+150µm

---- ---- 21 ---- ----%1----+300µm

---- ---- 13 ---- ----%1----+425µm

---- ---- 7 ---- ----%1----+600µm

---- ---- 3 ---- ----%1----+1180µm

---- ---- 2 ---- ----%1----+2.36mm

---- ---- <1 ---- ----%1----+4.75mm

---- ---- <1 ---- ----%1----+9.5mm

---- ---- <1 ---- ----%1----+19.0mm

---- ---- <1 ---- ----%1----+37.5mm

---- ---- <1 ---- ----%1----+75.0mm

EA150: Soil Classification based on Particle Size

---- ---- 15 ---- ----%1----Clay (<2 µm)

---- ---- 23 ---- ----%1----Silt (2-60 µm)

---- ---- 60 ---- ----%1----Sand (0.06-2.00 mm)

---- ---- 2 ---- ----%1----Gravel (>2mm)

---- ---- <1 ---- ----%1----Cobbles (>6cm)

EA152: Soil Particle Density

---- ---- 2.37 ---- ----g/cm30.01----Soil Particle Density (Clay/Silt/Sand)

ED005: Exchange Acidity
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Work Order :

:Client

EB1920844

Vulcan Project Soils:Project

AARC ENVIRONMENTAL SOLUTIONS PTY LTD

Analytical Results

VP27 - 50-60cmVP27 - 20-30cmVP27 - 10-10cmVP10 - 80-90cmVP10 - 50-60cmClient sample IDSub-Matrix: SOIL

 (Matrix: SOIL)

08-Aug-2019 00:0008-Aug-2019 00:0008-Aug-2019 00:0008-Aug-2019 00:0008-Aug-2019 00:00Client sampling date / time

EB1920844-040EB1920844-039EB1920844-038EB1920844-037EB1920844-036UnitLORCAS NumberCompound

Result Result Result Result Result

ED005: Exchange Acidity - Continued

1.2ø 0.2 <0.1 0.8 0.5meq/100g0.1----Exchange Acidity

1.2ø 0.2 <0.1 0.6 0.4meq/100g0.1----Exchangeable Aluminium

ED007: Exchangeable Cations

<0.1 <0.1 1.3 0.6 0.6meq/100g0.1----Exchangeable Calcium

5.6 7.4 1.0 2.4 3.5meq/100g0.1----Exchangeable Magnesium

0.6 0.4 <0.1 <0.1 <0.1meq/100g0.1----Exchangeable Potassium

0.6 1.4 0.1 0.3 0.4meq/100g0.1----Exchangeable Sodium

8.1 9.6 ---- 4.2 4.9meq/100g0.1----Cation Exchange Capacity

---- ---- 2.5 ---- ----meq/100g0.1----Cation Exchange Capacity

8.4 15.4 5.2 8.2 8.9%0.1----Exchangeable Sodium Percent

<0.1 <0.1 1.3 0.2 0.2-0.1----Calcium/Magnesium Ratio

9.5 16.3 ---- ---- -----0.1----Magnesium/Potassium Ratio

ED021: Bicarbonate Extractable Potassium (Colwell)

385 292 <100 <100 <100mg/kg100----Bicarbonate Extractable K (Colwell)

ED040S : Soluble Sulfate by ICPAES

----Sulfate as SO4 2- ---- 30 ---- ----mg/kg1014808-79-8

----Sulfur as S ---- <10 ---- ----mg/kg1063705-05-5

----Silica ---- 158 ---- ----mg/kg17631-86-9

----Silicon ---- 74 ---- ----mg/kg17440-21-3

ED045G: Chloride by Discrete Analyser

20Chloride 140 40 50 110mg/kg1016887-00-6

ED091 : Calcium Chloride Extractable Boron

----øBoron ---- <0.2 ---- ----mg/kg0.27440-42-8

ED092: DTPA Extractable Metals

----øCopper ---- <1.00 ---- ----mg/kg1.007440-50-8

----ø Iron ---- 163 ---- ----mg/kg1.007439-89-6

----øManganese ---- 5.16 ---- ----mg/kg1.007439-96-5

----øZinc ---- <1.00 ---- ----mg/kg1.007440-66-6

EK057G:  Nitrite as N by Discrete Analyser

----Nitrite as N (Sol.) ---- 0.2 ---- ----mg/kg0.114797-65-0

EK058G:  Nitrate as N by Discrete Analyser

----Nitrate as N (Sol.) ---- 0.3 ---- ----mg/kg0.114797-55-8

EK059G:  Nitrite plus Nitrate as N (NOx)  by Discrete Analyser

---- ---- 0.5 ---- ----mg/kg0.1----Nitrite + Nitrate as N (Sol.)
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Work Order :

:Client

EB1920844

Vulcan Project Soils:Project

AARC ENVIRONMENTAL SOLUTIONS PTY LTD

Analytical Results

VP27 - 50-60cmVP27 - 20-30cmVP27 - 10-10cmVP10 - 80-90cmVP10 - 50-60cmClient sample IDSub-Matrix: SOIL

 (Matrix: SOIL)

08-Aug-2019 00:0008-Aug-2019 00:0008-Aug-2019 00:0008-Aug-2019 00:0008-Aug-2019 00:00Client sampling date / time

EB1920844-040EB1920844-039EB1920844-038EB1920844-037EB1920844-036UnitLORCAS NumberCompound

Result Result Result Result Result

EK080: Bicarbonate Extractable Phosphorus (Colwell)

<5 <5 <5 <5 12mg/kg5----Bicarbonate Ext. P (Colwell)

EP004: Organic Matter

---- ---- 2.5 ---- ----%0.5----Organic Matter

---- ---- 1.4 ---- ----%0.5----Total Organic Carbon
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Work Order :

:Client

EB1920844

Vulcan Project Soils:Project

AARC ENVIRONMENTAL SOLUTIONS PTY LTD

Analytical Results

--------VP5 - 50-60cmVP5 - 20-30cmVP5 - 0-10cmClient sample IDSub-Matrix: SOIL

 (Matrix: SOIL)

--------08-Aug-2019 00:0008-Aug-2019 00:0008-Aug-2019 00:00Client sampling date / time

----------------EB1920844-043EB1920844-042EB1920844-041UnitLORCAS NumberCompound

Result Result Result ---- ----

EA002: pH 1:5 (Soils)

5.4 5.4 5.6 ---- ----pH Unit0.1----pH Value

EA010: Conductivity (1:5)

14 7 6 ---- ----µS/cm1----Electrical Conductivity @ 25°C

EA051 : Bulk Density

2110øBulk Density ---- ---- ---- ----kg/m31BULK_DENSITY

EA055: Moisture Content (Dried @ 105-110°C)

2.9 2.6 1.9 ---- ----%0.1----Moisture Content

EA058: Emerson Aggregate Test

Dark Reddish Brown 

(2.5YR 2.5/3)

Reddish Brown 

(2.5YR 5/3)

Reddish Brown 

(2.5YR 4/4)

---- ----------Color (Munsell)

Gravelly Sand Gravelly Sand Gravelly Sand ---- ----------Texture

8Emerson Class Number 7 7 ---- ------EC/TC

EA150: Particle Sizing

80 ---- ---- ---- ----%1----+75µm

67 ---- ---- ---- ----%1----+150µm

54 ---- ---- ---- ----%1----+300µm

48 ---- ---- ---- ----%1----+425µm

42 ---- ---- ---- ----%1----+600µm

35 ---- ---- ---- ----%1----+1180µm

28 ---- ---- ---- ----%1----+2.36mm

20 ---- ---- ---- ----%1----+4.75mm

7 ---- ---- ---- ----%1----+9.5mm

<1 ---- ---- ---- ----%1----+19.0mm

<1 ---- ---- ---- ----%1----+37.5mm

<1 ---- ---- ---- ----%1----+75.0mm

EA150: Soil Classification based on Particle Size

8 ---- ---- ---- ----%1----Clay (<2 µm)

10 ---- ---- ---- ----%1----Silt (2-60 µm)

52 ---- ---- ---- ----%1----Sand (0.06-2.00 mm)

30 ---- ---- ---- ----%1----Gravel (>2mm)

<1 ---- ---- ---- ----%1----Cobbles (>6cm)

EA152: Soil Particle Density

1.88 ---- ---- ---- ----g/cm30.01----Soil Particle Density (Clay/Silt/Sand)

ED005: Exchange Acidity
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Work Order :

:Client

EB1920844

Vulcan Project Soils:Project

AARC ENVIRONMENTAL SOLUTIONS PTY LTD

Analytical Results

--------VP5 - 50-60cmVP5 - 20-30cmVP5 - 0-10cmClient sample IDSub-Matrix: SOIL

 (Matrix: SOIL)

--------08-Aug-2019 00:0008-Aug-2019 00:0008-Aug-2019 00:00Client sampling date / time

----------------EB1920844-043EB1920844-042EB1920844-041UnitLORCAS NumberCompound

Result Result Result ---- ----

ED005: Exchange Acidity - Continued

1.7ø 1.7 1.3 ---- ----meq/100g0.1----Exchange Acidity

1.7ø 1.9 1.4 ---- ----meq/100g0.1----Exchangeable Aluminium

ED007: Exchangeable Cations

3.1 0.1 <0.1 ---- ----meq/100g0.1----Exchangeable Calcium

1.5 1.0 1.0 ---- ----meq/100g0.1----Exchangeable Magnesium

0.8 0.2 0.1 ---- ----meq/100g0.1----Exchangeable Potassium

<0.1 <0.1 <0.1 ---- ----meq/100g0.1----Exchangeable Sodium

7.3 3.1 2.4 ---- ----meq/100g0.1----Cation Exchange Capacity

1.5 1.3 1.5 ---- ----%0.1----Exchangeable Sodium Percent

2.1 0.1 <0.1 ---- -----0.1----Calcium/Magnesium Ratio

1.9 4.0 7.6 ---- -----0.1----Magnesium/Potassium Ratio

ED021: Bicarbonate Extractable Potassium (Colwell)

617 208 144 ---- ----mg/kg100----Bicarbonate Extractable K (Colwell)

ED040S : Soluble Sulfate by ICPAES

<10Sulfate as SO4 2- ---- ---- ---- ----mg/kg1014808-79-8

<10Sulfur as S ---- ---- ---- ----mg/kg1063705-05-5

36Silica ---- ---- ---- ----mg/kg17631-86-9

17Silicon ---- ---- ---- ----mg/kg17440-21-3

ED045G: Chloride by Discrete Analyser

<10Chloride <10 <10 ---- ----mg/kg1016887-00-6

ED091 : Calcium Chloride Extractable Boron

<0.2øBoron ---- ---- ---- ----mg/kg0.27440-42-8

ED092: DTPA Extractable Metals

<1.00øCopper ---- ---- ---- ----mg/kg1.007440-50-8

89.6ø Iron ---- ---- ---- ----mg/kg1.007439-89-6

9.81øManganese ---- ---- ---- ----mg/kg1.007439-96-5

<1.00øZinc ---- ---- ---- ----mg/kg1.007440-66-6

EK057G:  Nitrite as N by Discrete Analyser

0.1Nitrite as N (Sol.) ---- ---- ---- ----mg/kg0.114797-65-0

EK058G:  Nitrate as N by Discrete Analyser

2.2Nitrate as N (Sol.) ---- ---- ---- ----mg/kg0.114797-55-8

EK059G:  Nitrite plus Nitrate as N (NOx)  by Discrete Analyser

2.3 ---- ---- ---- ----mg/kg0.1----Nitrite + Nitrate as N (Sol.)
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Work Order :

:Client

EB1920844

Vulcan Project Soils:Project

AARC ENVIRONMENTAL SOLUTIONS PTY LTD

Analytical Results

--------VP5 - 50-60cmVP5 - 20-30cmVP5 - 0-10cmClient sample IDSub-Matrix: SOIL

 (Matrix: SOIL)

--------08-Aug-2019 00:0008-Aug-2019 00:0008-Aug-2019 00:00Client sampling date / time

----------------EB1920844-043EB1920844-042EB1920844-041UnitLORCAS NumberCompound

Result Result Result ---- ----

EK080: Bicarbonate Extractable Phosphorus (Colwell)

8 <5 <5 ---- ----mg/kg5----Bicarbonate Ext. P (Colwell)

EP004: Organic Matter

6.0 ---- ---- ---- ----%0.5----Organic Matter

3.5 ---- ---- ---- ----%0.5----Total Organic Carbon



 

 
B 
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Appendix B Soil Profile Data 
  



 Project Name:  
Zambezi 

Date:       20/07 Site: VP1 

Location: Close to dyno gate  Coordinates: E 0622172 N 7534691 

Landform Pattern: PLA Micro Relief: 0 

Landform Element: PLA Rock Outcrops: 0 

Morphological Type: F S C Fragments: 0 

Site Disturbance: 1 Substrate: 0 

Erosion: SWXCS0 Surface Condition: S 

Landform 

Elevation: 251 Permeability: 3 

Slope (%): 0 Drainage: 4 

Relief: <9 Run-off: 2 

[Soil Description] 

Horizon Depth (mm) Boundary Colour Mottles Texture 
Coarse 

Fragments 
Structure Segregations Consistency Field pH 

A 0-130  7.5YR4/3 0 S 0 G 0 D00N0 5.5 100 

B1 130-300 CS 7.5YR4/4 0 S 0 G 0 D00N0 6 220 

B2 300-880 DT 10YR5/4 M33D(OY)D SCL 0 VS94PO 0 TSVN2 7 600 

            

            

Vegetation: silver and yellow present  

Notes: similar colours to vp7 

 



 Project Name:  
Limpopo 

Date: 20/07       Site: VP2 

Location: SE CORNER OF SIM CARD 
OPENER  

Coordinates: E 0621443 N 7535596 

Landform Pattern: PLA Micro Relief: D 

Landform Element: PLA Rock Outcrops: 0 

Morphological Type: F S C Fragments: 0 

Site Disturbance: 2 Substrate: 0 

Erosion: SW1C0S1 Surface Condition: S 

Landform 

Elevation: 266 Permeability: 3 

Slope (%): 2 Drainage: 4 

Relief: <9 Run-off: 2 

[Soil Description] 

Horizon Depth (mm) Boundary Colour Mottles Texture 
Coarse 

Fragments 
Structure Segregations Consistency Field pH 

A 0-240  5YR5/1 0 S 0 G 0 D00M0 6 100 

B 240-600 DI 5YR5/2 M4P(5YR5/8)C CS 0 VS8CO 0 T42N2 5.5 400 

            

            

            

Vegetation: 

Notes: 

 



 Project Name:  
Crocodile 

Date:       20/07/2019 Site: VP3 

Location: Far northern corner  Coordinates: E 0619398 N 7536891 

Landform Pattern: RIS Micro Relief: D 

Landform Element: HSL Rock Outcrops: 0 

Morphological Type: M S C Fragments: 53STMOT 

Site Disturbance: 2 Substrate: 1AF 

Erosion: PWXCXS1 Surface Condition: F(QFK)M 

Landform 

Elevation: 286 Permeability: 2 

Slope (%): 8 Drainage: 4 

Relief: 9-30 Run-off: 3 

[Soil Description] 

Horizon Depth (mm) Boundary Colour Mottles Texture 
Coarse 

Fragments 
Structure Segregations Consistency Field pH 

01 1-2           

A1 240  7.5YR3/4 M21DRC SCL 21APM (Source: 
SC) 

G 0 D10N0 4.5 100 

B 330 CT 2.5YR2.5/4 M42DRD CL 0 VM23 0 D10N1 4,5 280 

C 860 GI *         

            

Vegetation: rock or substrate – rocks outer edge are bleached/grey, whilst inner core bright red 

Notes:inner core: 2.5yr3/6, outer core: 2.5yr5/1 

 



 Project Name:  
Crocodile 

Date:       20/07/2019 Site: VP4 

Location: S-W SIDE OF SIM CARD 
OPENER BEND  

Coordinates: E0619869 7535917N 

Landform Pattern: PLT Micro Relief: D 

Landform Element: PLA Rock Outcrops: 2SA 

Morphological Type: F S C Fragments: 34S 

Site Disturbance: 2 Substrate: 2XV(QF)VS 

Erosion: SWXCXS1 Surface Condition: S 

Landform 

Elevation: 306 Permeability: 3 

Slope (%): 1 Drainage: 4 

Relief: <9 Run-off: 3 

[Soil Description] 

Horizon Depth (mm) Boundary Colour Mottles Texture 
Coarse 

Fragments 
Structure Segregations consistency Field pH 

A 200  10YR2/1 0 LS FINE SAND VW2PO 0 D10N0 5 100 

B2 400 CI 2.5YR5/8 0 S  VS5PO 0 D10N0 5.5 300 

B3 500 AS 5YR5/8 0 S  G 0 D10N0 5.5 450 

            

            

Vegetation: some yellow plants present  

Notes: om present in a horizon 

 



 Project Name:  
 Crocodile 

Date:       20/07 Site: VP5 

Location: End of lower road  Coordinates: E 0620132 N 7534334 

Landform Pattern: RIS Micro Relief: D 

Landform Element: HSL Rock Outcrops: 1SA 

Morphological Type: M S C Fragments: 44AROT + CHARCOAL 

Site Disturbance: 2 Substrate: 2XV(QF)M 

Erosion: SWXCXS1 Surface Condition: F 

Landform 

Elevation: 327 Permeability: 3 

Slope (%): 5 Drainage: 4 

Relief: 9-30 Run-off: 3 

[Soil Description] 

Horizon Depth (mm) Boundary Colour Mottles Texture 
Coarse 

Fragments 
Structure Segregations Consistency Field pH 

A   10YR2/1 M1PYD S 31A_CC G 0 D00NO 5.5 100 

ROCK 200-530 GB 10YR5/2 N ROCK 67RPROT 0 0  5 350 

B 530-800 AS 7.5YR5/3 M2DYD S N VM7PL 0 D40N0 5 700 

            

            

Vegetation: yellow fluff ball tree 

Notes: A lot of charcoal present contributing to the dark colour of A 

 



 Project Name:  
 Crocodile 

Date:       19/07/2019 Site: VP6 

Location: N-W CORNER Coordinates: E0618158 N7534318 

Landform Pattern: PLT Micro Relief: D 

Landform Element: PLA Rock Outcrops: 0 

Morphological Type: F S C Fragments: 22ST 

Site Disturbance: 2 Substrate: 0 

Erosion: SWXC0S0 Surface Condition: S 

Landform 

Elevation: 331 Permeability: 3 

Slope (%): 4 ⁰ Drainage: 6 

Relief: <9 Run-off: 2 

[Soil Description] 

Horizon Depth (mm) Boundary Colour Mottles Texture 
Coarse 

Fragments 
Structure Segregations Consistency Field pH 

O1 SURFACE           

A 0-180  10YR2/2 0 CS 11R(U)M W3PO 0 D10N0 5.5 170 

UPPER B 180-255 AS 10YR3/2 0 LS 12R(U)VS W3PO 0 D10N0 5.5 220 

CONFINING 244-350 SS R/O/Y 0  63A(U)VS S5AB 0 D60_0 N 300 

LOWER B 410 SS 10YR3/1 0 LS 12A(U)M W3PO 0 D10N0 5.5 380 

Vegetation: 

Notes: 

 



 Project Name:  
Limpopo 

Date:       20/07 Site: VP7 

Location: Just past second N gate  Coordinates: E 0621394 N 7534825 

Landform Pattern: PLA Micro Relief: D 

Landform Element: PLA Rock Outcrops: 0 

Morphological Type: F S C Fragments: 0 

Site Disturbance: 1 Substrate: 0 

Erosion: SWXCXS1 Surface Condition: F 

Landform 

Elevation: 265 Permeability: 3 

Slope (%): 0 Drainage: 4 

Relief: <9 Run-off: 2 (GRASSCOVER) 

[Soil Description] 

Horizon Depth (mm) Boundary Colour Mottles Texture 
Coarse 

Fragments 
Structure Segregations Consistency Field pH 

A 0-150  10YR3/2 0 S 0 G 0 D00N0 5 100 

B1 150-550 GS 10YR5/6 0 S 0 VW2PO 0 D10N0 6 330 

B2 550-1000 DT 10YR4/4 M43PRC SL 0 VM3PO 0 T31N2 5.5 830 

            

            

Vegetation: Silver trees present and grass cover  

Notes:  

 



 Project Name:  
 Crocodile 

Date:       21/07 Site: VP8 

Location: Along upper road next to 
valley 

Coordinates: E 0621121 N 7534592 

Landform Pattern: RIS Micro Relief: D 

Landform Element: HSL Rock Outcrops: 2ZS (ROCK OUT CROP STRONGER 
THAN SUBSTRATE) 

Morphological Type: U S C Fragments: 62SPMOT 

Site Disturbance: 1 Substrate: 1AB(DL)m 

Erosion: PWXCXS2 Surface Condition: F 

Landform 

Elevation: 287 Permeability: 1 

Slope (%): 10 Drainage: 5 

Relief: 9-30 Run-off: 3 

[Soil Description] 

Horizon Depth (mm) Boundary Colour Mottles Texture 
Coarse 

Fragments 
Structure Segregations Consistency Field pH 

A1 0-60  10YR3/2 0 LS 44ATMM G  D10N0 5.5 30 

A2 60-220 AS 10YR3/3 0 LS 55ATMM G  D10NO 5.5 130 

C 220-690 GB DARK TO 
RED SHALE 

0      5.5 470 

            

            

Vegetation: On a shaley ridge  

 



 Project Name:  
Notes: 

Limpopo 

Date:       23/07/19 Site: VP9 

Location: AT SW OF UNCONNECTED 
RD 

Coordinates: E 0622643 N 7524033 

Landform Pattern: PLA Micro Relief: D 

Landform Element: PLA Rock Outcrops:  

Morphological Type: F S C Fragments: 11U_(OT/IS) 

Site Disturbance: 1 Substrate:  

Erosion: PWXCXS1G2 Surface Condition: H 

Landform 

Elevation: 256 Permeability: 2 

Slope (%): 0 Drainage: 4 

Relief: <9 Run-off: 2 

[Soil Description] 

Horizon Depth (mm) Boundary Colour Mottles Texture 
Coarse 

Fragments 
Structure Segregations Consistency Field pH 

A1 0-30  5YR2.5/1  CS  VW2PL  D10N0 7 20 

A2 30-200 AS 7.5YR2.5/2  SL  VW3PO  D10N0 7 120 

UB 200-860 AS 10YR3/2 M12FYD LC  VS4PO  T51N3 8.5 620 

LB 860-1070 DB 5YR4/6 * MC  VS3PO  T53N3 8.5 920 

            

Vegetation: LSLDB SOME BLACK WATTLE IN DISTANCE 

*MORE RED MOTTLING (>80%) HOWEVER 

SOME BROWN SIOL FROM UB STILL 

PRESENT  



 Project Name:  
Notes: 

Sabie 

Date:       21/07/19 Site: VP10 

Location: INWARDS OF E ROAD ZIG 
ZAG BEND  

Coordinates: E 0624173 N 752924 

Landform Pattern: PLA Micro Relief: D 

Landform Element: PLA Rock Outcrops: SANDSTONE  

Morphological Type: F S C Fragments: 21S_OT 

Site Disturbance: 2 Substrate: 0 

Erosion: S Surface Condition: F 

Landform 

Elevation: 256 Permeability: 3 

Slope (%): 0 Drainage: 4 

Relief: <9 Run-off: 2 

[Soil Description] 

Horizon Depth (mm) Boundary Colour Mottles Texture 
Coarse 

Fragments 
Structure Segregations Consistency Field pH 

A1 0-100  2.5YR2.5/1 0 LS 0 VW2PO 0 D01N0 4.5 50 

A2 100-500 CS 2.5YR3/1 0 SL 0 G 0 D00N0 4.5 200 

B 500-980 DB 2.5YR5/1 M43DRC CLS 22SRS VM3PO 0 T42N3 5 660 

            

            

Vegetation: GRASSCOVER AND SHRUBS 

 



 Project Name:  
Notes: 

Sabie 

Date:       24/07/2019 Site: VP 11 

Location: Rd towards triple gate  Coordinates: E 0623518 N 7527898 

Landform Pattern: PLA Micro Relief: D 

Landform Element: PLA  Rock Outcrops:  

Morphological Type: F S C Fragments: 21A_IS 

Site Disturbance: 2 Substrate:  

Erosion: S Surface Condition: F SOME C 

Landform 

Elevation: 253 Permeability: 3 

Slope (%): 2 Drainage: 4 

Relief: <9 Run-off: 2 

[Soil Description] 

Horizon Depth (mm) Boundary Colour Mottles Texture 
Coarse 

Fragments 
Structure Segregations Consistency Field pH 

A1 0-70  5YR2.5/2  LS  G  D00N0 5.8 20 

A2 70-420 AS 7.5YR4/4  CS  G  D00N0 5.5 180 

B 420-970 CS 7.5YR4/1 M32DRD MC  VM3PO  T31N3 5.5  

            

            

Vegetation: SIMILAR TO VP 20 MAYBE  

 



 Project Name:  
Notes: 

Sabie 

Date:       22/07/19 Site: VP12  

Location: JUST BELOW RIDGE BY 
SNAKE TONGUE  

Coordinates: E 0621935 N 7528227 

Landform Pattern: HIL Micro Relief: D 

Landform Element: FOO Rock Outcrops: 3SA 

Morphological Type: L S C Fragments: 56AROT 

Site Disturbance: 2 Substrate: 2PM(QFMmaybeS)M 

Erosion: S Surface Condition: F 

Landform 

Elevation: 279 3 F 

Slope (%): 8 5 3 

Relief: 9-30 Run-off: 3 

[Soil Description] 

Horizon Depth (mm) Boundary Colour Mottles Texture 
Coarse 

Fragments 
Structure Segregations Consistency Field pH 

A1 50  2.5YR2.5/2  S  VW2PO  D10N0 5 30 

A2 50-260 AS 2.5YR3/3 M11FOD SL  VW2PO  D10N0 5 200 

B 260-480 GS 2.5YR3/2  CL 42STMM VW2PO  D21N2 5 350 

            

            

Vegetation: ACACIA MONO. S, FEW BLOODWOOD* (CHECK) 

 



 Project Name:  
Notes: 

Limpopo 

Date:       24/07/19 Site: VP13 

Location: AT THE END OF COW 
ROAD 

Coordinates: E 0625893 N 7523732 

Landform Pattern: PLA Micro Relief: D 

Landform Element: PLA Rock Outcrops:  

Morphological Type: F S C Fragments: 21S_IS 

Site Disturbance: 2 Substrate:  

Erosion: S Surface Condition: S 

Landform 

Elevation: 231 Permeability: 4 

Slope (%): 0 Drainage: 4 

Relief: <9 Run-off: 2 

[Soil Description] 

Horizon Depth (mm) Boundary Colour Mottles Texture 
Coarse 

Fragments 
Structure Segregations Consistency Field pH 

A11 0-90  75YR4/4  S (K)  G  D00N0 7 20 

A12 90-360 CS 10YR3/2  LS  VW3PO  D10N0 6 300 

A2 360-710 CSGS 10YR5/2  LS (Z)  VW3PO  D10N0 6 550 

B 710-980 GI 10YR4/2 M22D(OY)D ZCL  VM3PO  T22N2 8 800R 

            

Vegetation: SIMILAR VP20 POTENTIALLY 

 



 Project Name:  
Sabie 

Date:       22/07/19 Site: VP14 

Location: SW OF S DYNO GATE  Coordinates: E 0624777 N 7528253 

Landform Pattern: PLA Micro Relief: D 

Landform Element: PLA Rock Outcrops: 0 

Morphological Type: US S C Fragments: 21S_IS 

Site Disturbance: 2 Substrate:  

Erosion: PWXCXS1G1 Surface Condition: H -> MINOR G  

Landform 

Elevation: 221 Permeability: 2 

Slope (%): 3 Drainage: 4 

Relief: <9 Run-off: 2 

[Soil Description] 

Horizon Depth (mm) Boundary Colour Mottles Texture 
Coarse 

Fragments 
Structure Segregations Consistency Field pH 

A1 140  7.5YR3/3  S  G  D00N0 5.5 70 

A2 140-330 CS 7.5YR4/4  S 42U_S G  D00N0 5.5 240 

ROCK  330-520 GS RED & 
BROWN 
ROCKS  

 S 65ST_VS G   6 470 

B 520-1030 CS 7.5YR5/1 M>44PRD MC 42U_S VM3PO  T41N3 5.5 740 

   A LOT OF 
RED 
MOTTLE 

HOWEVER, 
SOIL STILL 
GREY  

       

Vegetation:  SW SIDE HAS BLACK WATTLE, NE SIDE HAS DARK SHRUBBY  

**A HORIZON WAS NOT AS WET AS 

APPEARS IN PICTURE DUE TO DIFFICULTY OF 

REMOVAL FROM CORE  

 

DEPTHS, BOUNDARY AND STRUCTURE 

INNACURATE DUE TO DIFFICULTY OF 

REMOVAL 

 



 Project Name:  
Limpopo 

Date:       21/07 Site: VP15 

Location: E of right angled bend  Coordinates: E 0618033 N 7531375 

Landform Pattern:  Micro Relief: D 

Landform Element: PLA Rock Outcrops: 2SA 

Morphological Type: PLA S C Fragments: 0 

Site Disturbance: F Substrate: 2XV(QFM)M 

Erosion: 0 Surface Condition: F 

Landform 

Elevation: 415 Permeability: 3 

Slope (%): 3 Drainage: 5 

Relief: <9 Run-off: 2 

[Soil Description] 

Horizon Depth (mm) Boundary Colour Mottles Texture 
Coarse 

Fragments 
Structure Segregations Consistency Field pH 

A1 0-50  2.5YR3/1 0 S 0 G 0 D0N0 5.5 20 

A2 50-280 BS 2.5YR4/2 M22DYD S 0 G 0 D1N0 5.5 200 

B 280-390 BG 5YR5/2 M33PRC CS 0 V3PO 0 T3N1 5.5 330 

C 390-410 AS          

            

Vegetation: yellow and silver trees  

Notes: similar to VP2 

 



 Project Name:  
Sabie 

Date:       23/07/19 Site: VP16 

Location: EN ROUTE TO TRIPLE 
GATE 

Coordinates: E 0624196 N 7525914 

Landform Pattern: PLS Micro Relief: D 

Landform Element: HSL Rock Outcrops:  

Morphological Type: M S C Fragments: ONLY UNDECOMPOSED OM 

Site Disturbance: 2 Substrate:  

Erosion: S Surface Condition: S 

Landform 

Elevation: 244 Permeability: 3 

Slope (%): 4 Drainage: 4 

Relief: <9 Run-off: 3 

[Soil Description] 

Horizon 
Depth 
(mm) 

Boundary Colour Mottles Texture 
Coarse 

Fragments 
Structure Segregations Consistency Field pH 

A11 0-230  7.5YR3/3  S  G  D00N0 7 200 

A12 230-360 GS 7.5YR3/4  S  G  D00N0 6.5 370 

A2 360-670 CS 7.5YR4/6  S  G  D00N0 7 700 

B 670-770 AS 5YR4/6  CSL  G(CONSOLIDATED)  T21N1 6.5 820 

            

Vegetation: VARIATIONS OF GUM 

Notes: 

 



 Project Name:  
Limpopo 

Date:       23/07/19 Site: VP17 

Location: SOUTH OF VP12/20 Coordinates: E 0621336 N 7527694 

Landform Pattern: RIS Micro Relief: D 

Landform Element: FOO Rock Outcrops:  

Morphological Type: F S C Fragments: 11S_OY 

Site Disturbance: 2 Substrate: 2PV(QFMmS) 

Erosion: PWXCXS1G2 Surface Condition: S 

Landform 

Elevation: 295 Permeability: 3 

Slope (%): 3 Drainage: 4 

Relief: 9-30 Run-off: 4 

[Soil Description] 

Horizon Depth (mm) Boundary Colour Mottles Texture 
Coarse 

Fragments 
Structure Segregations Consistency Field pH 

A1 0-200  7.5YR3/4  LS  GW2PO  D10N0 5 20 

A2 200-500 GS 7.5YR4/6  LS  GW3PO  D10N0 5 30 

UB 500-700 GS 7.5YR4/6 M22F(OY)D SCL 22URS GM4PO  T30N1 6 660 

LB 700-1000 CB 10YR4/4 M32D(OR)C CL 22URS GM4PO  T31N2 6 860 

            

Vegetation:lower plain dominated by silver boys&blackwattle w/ eucalypts on ridge  

Notes: 

A2->b – similar colour but texture difference  

 

Ub->lb – similar texture but different colour  



 Project Name:  
Limpopo 

Date:  21/07 Site: VP18 

Location: Northerly point on triple gate  Coordinates: E 0622928 7532441 N 

Landform Pattern: PLA Micro Relief: D 

Landform Element: PLA Rock Outcrops: 1SA 

Morphological Type: F S C Fragments: 21S_OT 

Site Disturbance: 2 Substrate: 0 

Erosion: SWXCXSX Surface Condition: S 

Landform 

Elevation: 243 Permeability: 3 

Slope (%): 2 Drainage: 5 

Relief: <9 Run-off: 2 

[Soil Description] 

Horizon Depth (mm) Boundary Colour Mottles Texture 
Coarse 

Fragments 
Structure Segregations Consistency Field pH 

A1 0-150  0 S S - G - D00N0 5 90 

A2 150-560 CS 0 CS CS - G - D10N0 5.5 360 

B 560-1010 AS M23DRD CL CL - V3PO - T32N3 6.5 840 

            

            

Vegetation: Yellow, long skinny-dark bark and silver 

Notes: 

 



 Project Name:  
Zambezi 

Date: 23/07/19 Site: VP19 

Location: Open plain , s of VP11  Coordinates: E 0623552 N 7527004 

Landform Pattern: PLA Micro Relief: D 

Landform Element: PLA Rock Outcrops: 1(SA/ZS) 

Morphological Type: F S C Fragments: 11R_OT 

Site Disturbance: 2 Substrate:  

Erosion: S Surface Condition: F 

Landform 

Elevation: 254 Permeability:  

Slope (%): 0 Drainage: REFER TO PHOTOS  

Relief: <9 Run-off:  

[Soil Description] 

Horizon Depth (mm) Boundary Colour Mottles Texture 
Coarse 

Fragments 
Structure Segregations Consistency Field pH 

A1 0-120  7.5YR3/3  LS  GW2PL  D10N0 5 50 

A2 120-390 AS 7.5YR4/3  LS  GW3PL  D10N0 6 200 

UB 390-640 AW 7.5YR6/1 M32DYD ZCL 22RS GM4PO  T31N2 6 470 

LB 640-910 DS 7.5YR6/1 M32D(YO)D ZCL 22RS GM4PO 1KN2 T31N3 6 800 

            

Vegetation: LSLDB, KNEE HEIGHT AND YELLOW GRASS 

Notes: 

*A1 couldve probably been further 

subdivided into A11 AND A12  



 Project Name:  
Sabie 

Date:       22/07/19 Site: VP20 

Location: NEAR END OF SNAKE 
TONGUE 

Coordinates: E 0620593 N 7528364 

Landform Pattern: RIS Micro Relief: D 

Landform Element: FOO Rock Outcrops:  

Morphological Type: L S C Fragments: 21A_IS 

Site Disturbance: 2 Substrate: 2PV(QFMmaybeS)VW 

Erosion: PWXCXS1 Surface Condition: SLIGHT C 

Landform 

Elevation: 354 Permeability: 3 

Slope (%): 5 Drainage: 5 

Relief: 9-30 Run-off: 3 

[Soil Description] 

Horizon Depth (mm) Boundary Colour Mottles Texture 
Coarse 

Fragments 
Structure Segregations Consistency Field pH 

A1 0-40  2.5YR2.5/1  LS  VM3CO  D10N0 5 20 

A2 40-330 AS 5YR3/3  CS  G  D00N0 5 180 

B 330-600 CS 5YR5/1 M43DRD CLS 12S_OT VM3PO  T41N2 5 500 

            

            

Vegetation: ACACIA MONO. S, GUM -> SIMILAR TO RED MOTTLED STUFF SEEN EARLIER  

 



 Project Name:  
Sabie 

Date:     21/07   Site: VP21 

Location: NW CORNER, SW OF RED 
DAM  

Coordinates: E 0616998 N 75322415 

Landform Pattern: RIS Micro Relief: D 

Landform Element: HSL Rock Outcrops: Q (SURROUNDING 
OUTCROPS) 

Morphological Type: F S C Fragments: 11UROT 

Site Disturbance: 1 Substrate: X 

Erosion: PWXCXS2 Surface Condition: H 

Landform 

Elevation: 368 Permeability: 3 

Slope (%): 3 Drainage: 4 

Relief: 9-30 Run-off: 2 (ALMOST 100% GROUNDCO 

[Soil Description] 

Horizon Depth (mm) Boundary Colour Mottles Texture 
Coarse 

Fragments 
Structure Segregations Consistency Field pH 

A1 140  5YR2.5/1 0 L 0 V3PO 0 D20N1 6 50 

A2 140-410 CS 5YR2.5/2 0 SCL 0 V4PO 0 D20N1 6 250 

B 410-820 GI 5YR3/3 M23RD CL 0 V4SB 0 T42N3 6 600 

            

            

Vegetation: A lot of gum trees and dark bark long skinny leaves  

 



 Project Name:  
Notes: 

Limpopo 

Date:       21/07/19 Site: VP22 

Location: // TO HIGHWAY Coordinates: E N 

Landform Pattern: PLA Micro Relief: D 

Landform Element: PLA Rock Outcrops: 0 

Morphological Type: F S C Fragments: 21S_OT 

Site Disturbance: 2 Substrate: 0 

Erosion: S Surface Condition: S 

Landform 

Elevation: 242 Permeability: 4 

Slope (%): 0 Drainage: 4 

Relief: <9 Run-off: 2 

[Soil Description] 

Horizon Depth (mm) Boundary Colour Mottles Texture 
Coarse 

Fragments 
Structure Segregations Consistency Field pH 

A1 100  2.5YR2.5/2 0 S 0 G 0 D00N0 5.5 50 

A2 100-480 CS 2.5YR5/3 M22FYD S 0 G 0 D10N0 5.5 300 

B 480-900 DS 2.5YR6/1 M43PRC SL 21S_S G 0 T41N3 5.5 700 

            

            

Vegetation: 

 



 Project Name:  
Notes: 

Zambezi 

Date:       21/07/19 Site: VP23 

Location: Near melaleuca watercourse  Coordinates: E N 

Landform Pattern: PLA Micro Relief: D 

Landform Element: PLA Rock Outcrops: 0 

Morphological Type: F S C Fragments: 0 

Site Disturbance: 2 Substrate: 0 

Erosion: S Surface Condition: M 

Landform 

Elevation: 210 Permeability: 3 

Slope (%): 0 Drainage: 5 

Relief: 9-30 Run-off: 2 

[Soil Description] 

Horizon Depth (mm) Boundary Colour Mottles Texture 
Coarse 

Fragments 
Structure Segregations Consistency Field pH 

A1 0-140 AS 5YR2.5/2 0 S 0 G 0 T0010 5.5 90 

A2 140-310 SS 5YR2.5/2 0 S 0 G 0 “” 6 290 

B 310-700 AS 7.5YR4/4 0 S 0 G 0 D0010 6 580 

            

            

Vegetation: A1 AND A2 WERE INCREDIBLY SIMILAR HOWEVER, SEPERATED BY A THIN YELLOW SANDY BAND. GUM TREES, 
MALALEUCA, BLACK WATTLE  

Anomaly  

 



 Project Name:  
Notes: 

Limpopo 

Date:       22/07/19 Site: VP24 

Location: JUST NE OF DYNO GATE  Coordinates: E062492 N 7529540 

Landform Pattern: PLS Micro Relief: D 

Landform Element: PLS Rock Outcrops:  

Morphological Type: F S C Fragments: 11ST_OT 

Site Disturbance: 2 Substrate:  

Erosion: PWXCXS1G1 Surface Condition: L 

Landform 

Elevation: 231 Permeability: 3 

Slope (%): 1 Drainage: 5 

Relief: <9M Run-off: 1 VEG + SANDY SOIL 

[Soil Description] 

Horizon Depth (mm) Boundary Colour Mottles Texture 
Coarse 

Fragments 
Structure Segregations Consistency Field pH 

A1 0-180  2.5Y3/2  S  G  D00N0 5 80 

A2 180- 850 GS 2.5Y5/4  S  G  T00N0 5 500 

            

            

            

Vegetation: BLACK WATTLE, MALALEUCA 

Anomaly  



 Project Name:  
Notes: 

Zambezi 

Date:       24/07/2019 Site: VP25 

Location: South of VP39 Coordinates: E 0629401 N 7525245 

Landform Pattern: PLA Micro Relief: D 

Landform Element: PLA Rock Outcrops:  

Morphological Type: F S C Fragments:  

Site Disturbance: 1 Substrate:  

Erosion: S Surface Condition: S 

Landform 

Elevation: 202 Permeability: 3 

Slope (%): 0 Drainage: 4 

Relief: <9M Run-off: 2 

[Soil Description] 

Horizon Depth (mm) Boundary Colour Mottles Texture 
Coarse 

Fragments 
Structure Segregations Consistency Field pH 

A1 0-150  2.5YR2.5/2  LS  G  T00NO 6.5 20 

A2 150-385 GS 7.5YR4/4  LS  G  T00N0 8 260 

UB  385-680 CI 10YR5/6 M3D(YO)D SCL  VM3PO  T21U1 7.5 600 

LB 680-960 GS 10YR5/4 M3D(OY)D CLS  VM3PO  T21N2 8.5 810 

            

Vegetation: dense grass, more trees than VP31, POPLAR boxes (compare with VP16 as this also had polar box)  

 



 Project Name:  
Notes: 

Kei 

Date:      25/07/19  Site: VP26 

Location: Pointy corner  Coordinates: E 0630829 N 7522138 

Landform Pattern: PLA Micro Relief: D 

Landform Element: PLA Rock Outcrops:  

Morphological Type: F  S C Fragments:  

Site Disturbance: 1 Substrate:  

Erosion: PWXCX51G1 Surface Condition: F 

Landform 

Elevation: 215 Permeability: 3 

Slope (%): 0 Drainage: 4 

Relief: <9M  Run-off: 1 

[Soil Description] 

Horizon Depth (mm) Boundary Colour Mottles Texture 
Coarse 

Fragments 
Structure Segregations Consistency Field pH 

A11 0-170  10YR3/2  SL (F)  G  D00N0 5.5 20 

A12 170-420 DS 10YR4/4  SL  G  D00N0 6.5 300 

A2 420-630 GS 10YR4/4  SL   G  D00N0 7 550 

B 630-980 CS 10YR4/3 M33D0C ZCL  VM3PO  T31N3 7 850 

            

Vegetation: Poplar boxes, black spear grass  

 



 Project Name:  
Notes: 

Fish 

Date:       25/07/19 Site: VP27 

Location: Nxt to car graveyard Coordinates: E 0629951 N 7522644 

Landform Pattern: PLA Micro Relief: D 

Landform Element: PLA Rock Outcrops:  

Morphological Type: F S C Fragments: 22S_IS (maybe sesquioxides) 

Site Disturbance: 2 Substrate: 2XV(QMD)S 

Erosion: PWXCXS1G1 Surface Condition: S,C 

Landform 

Elevation: 218 Permeability: 3 

Slope (%): 3 Drainage: 4 

Relief: <9M Run-off: ¾  

[Soil Description] 

Horizon Depth (mm) Boundary Colour Mottles Texture 
Coarse 

Fragments 
Structure Segregations Consistency Field pH 

A1 0-90  10YR4/1  LS  VW3PL  D10N0 6 20 

A2 90-380 CS 10YR5/1  CLS  VW2PO  D11N2 5.5 240 

B 380-540 AS 10YR5/1 M12D(RO)D ZCL 1(1/2)S_S VM3PO  T32N3 5.5 520 

SUBS 540 SS          

            

Vegetation: Poplar box, some black wattle, dominant was bloodwood 

Bloodwood-low fertility, skeletal soils 



 Project Name:  
Notes: 

Limpopo 

Date:       25/07/19 Site: VP28 

Location: Far south  Coordinates: E 0629153 N 7521863 

Landform Pattern: PLA Micro Relief: D 

Landform Element: PLA Rock Outcrops:  

Morphological Type: F S C Fragments: 214S_IS/OT 

Site Disturbance: 2 Substrate: - 

Erosion: S Surface Condition: F 

Landform 

Elevation: 218 Permeability: 3 

Slope (%): 0 Drainage: 4 

Relief: <9M Run-off: 2 (SANDY TOP,SOIL, 
FLAT+VEG 

[Soil Description] 

Horizon Depth (mm) Boundary Colour Mottles Texture 
Coarse 

Fragments 
Structure Segregations Consistency Field pH 

A11 0-70  10YR4/3 - LS (F) - G  D00N0 6 20 

A12 70-280 GS 10YR4/4 - LS (F) - G  D00N0 5.5 200 

A2 280-360 CS 10YR5/4 - LS (F) - G  D00N0 5.5 320 

UB 360-520 CS 10YR5/3 M1FYD CLS - VM3PO  D41N3 5.5 410 

LB 560-920 GI 10YR5/3 M1FYD SL 11S_S G 
(MASSIVE) 

 D00N1 7 630 

Vegetation: Black wattle, silver leaf iron bark  

-Had a 40mm band of sand between UB and 

LB (had same colour and texture as A2 but 

consistency different T21N0 and pH 6.5) 

 

-LB had a much sandier texture than UB  



 Project Name:  
Notes: 

Zambezi 

Date:       24/07/2019 Site: VP29 

Location: Near nose shaped 
watercourse  

Coordinates: E 0628119 N 7523174 

Landform Pattern: PLA Micro Relief: D 

Landform Element: PLA Rock Outcrops:  

Morphological Type: F S C Fragments:  

Site Disturbance: 3 Substrate:  

Erosion: S Surface Condition: S 

Landform 

Elevation: 217 Permeability: 2 

Slope (%): 0 Drainage: 4 

Relief: <9M Run-off: Slow run-off  

[Soil Description] 

Horizon Depth (mm) Boundary Colour Mottles Texture 
Coarse 

Fragments 
Structure Segregations Consistency Field pH 

A1 0-140  10YR3/2  LS (K)  G  D00N0 6.5 40 

A2 140-260 CS 10YR5/4  LS (K)  G  D00N0 7 220 

UB 260-550 AS 10YR6/2 M42D(RBO)D CLS  VM3PO  T32N2 6.5 410 

LB 550-920 GS 10YR7/2 M22D(OY)D CLS  VM3PO  T32N2 6 780 

            

Vegetation: Poplar Boxes and grassy  (black wattle further south)   

 



 Project Name:  
Notes: 

Kei 

Date:       25/07/19 Site: VP30 

Location: @southern cow yards Coordinates: E 0630290 N 7523999 

Landform Pattern: PLA Micro Relief: D 

Landform Element: PLA Rock Outcrops:  

Morphological Type: F S C Fragments:  

Site Disturbance: 4 Substrate:  

Erosion: PWXCXS1 Surface Condition: F 

Landform 

Elevation: 208 Permeability: 3 

Slope (%): 0 Drainage: 4 

Relief: <9M Run-off: 3 

[Soil Description] 

Horizon Depth (mm) Boundary Colour Mottles Texture 
Coarse 

Fragments 
Structure Segregations Consistency Field pH 

A11 0-180  7.5YR3/2  CS  VW3PO/PL  D10N0 6 20 

A12 180-530 GS 7.5YR3/4  LS (F)  G  D00N0 7 400 

A2 530-740 CS 10YR4/4  LS (F)  G  D00N0 7.5 660 

B 740-1020 GB 10YR4/2 M12FYD MC  VM4PO  T33N3 7.5 809 

            

Vegetation: Poplar box 

 



 Project Name:  
Notes: 

Orange 

Date:       24/07/2019 Site: VP31 

Location: S of OP 40  Coordinates: E 0628635 N 7526061 

Landform Pattern: PLA Micro Relief: N (maybe S) 

Landform Element: PLA Rock Outcrops:  

Morphological Type: F S C Fragments:  

Site Disturbance: 2 Substrate:  

Erosion: S Surface Condition: G, potentially M 

Landform 

Elevation: 213 Permeability: 2 

Slope (%): 0 Drainage:  

Relief: <9M Run-off: 2 -> flat  

[Soil Description] 

Horizon Depth (mm) Boundary Colour Mottles Texture 
Coarse 

Fragments 
Structure Segregations Consistency Field pH 

A1 0-40  2.5Y2.5/1  LC  VM2PO  D21N3 7 20 

A2 40-360 AS 2.5Y3/1  LMC 11SRS VS4PO  T42N2 8.5 200 

B 360-980 AS 2.5Y3/1  LMC 21SRS VS4PO 2KN2 T262N2 9 650 

            

            

Vegetation: Open grassland with shrubs (concaberry…carissa xxx) 

 



 Project Name:  
Notes: 

Komati 

Date:       22/07/19 Site: VP32 

Location: // WITH SARAJI ROAD  Coordinates: E 0626996 N 7528119 

Landform Pattern: PLA Micro Relief: N SOME CRACKING  

Landform Element: PLA Rock Outcrops:  

Morphological Type: F S C Fragments: 21S_IS 

Site Disturbance: 2 Substrate:  

Erosion: S Surface Condition: G/H 

Landform 

Elevation: 229 Permeability: 2 

Slope (%): 2 Drainage: 4 

Relief: <9 Run-off: 2 

[Soil Description] 

Horizon Depth (mm) Boundary Colour Mottles Texture 
Coarse 

Fragments 
Structure Segregations Consistency Field pH 

A1 0-80  7.5YR3/3  CS  GW3PO  D10N0 5 50 

A2 80-450 CS 7.5 YR 4/4 M32DOD SCL  GM3PO  T32N2 8 300 

U B 450-860 AS 7.5YR5/6  CL  GM4PR 4KN2 T42N3 9 700 

L B  860-1040 DS 7.5YR4/4  CL  GM4PR 4KN2 T42N3 9 1000 

            

Vegetation: GHOST GUM (CONFIRM ON PHOTOS) -> CALCAROUS SODOSOL 

 



 Project Name:  
Notes: 

Limpopo 

Date:       24/07/2019 Site: VP 33 

Location: Near tributary confluence  Coordinates: E 0625335 N 7522263 

Landform Pattern: PLA Micro Relief: D 

Landform Element: PLA Rock Outcrops:  

Morphological Type: F S C Fragments: 21S_(IS/OT) 

Site Disturbance: 2 Substrate:  

Erosion: PWXCXS1 Surface Condition: F SOME C 

Landform 

Elevation:  Permeability:  

Slope (%): 0 Drainage:  

Relief: <9M Run-off:  

[Soil Description] 

Horizon Depth (mm) Boundary Colour Mottles Texture 
Coarse 

Fragments 
Structure Segregations Consistency Field pH 

A11 0-100  7.5YR4/3  SL  VW2PL  D10N0 6 40 

A12 100-270 AS 7.5YR3/4  SL  G  D00N0 6 240 

A2 270-400 CS 7.5YR4/6  SL  G  D00N0 6 360 

UB 400-860 CS 7.5YR5/8  SCL  VW3PO  T21W1 5.5 560 

LB 860-920 AS 5YR4/6  CLS  VW3PO  T21N2 5,5 900 

Vegetation: Silver leaf iron bark, couple black wattle, some poplar  

 



 Project Name:  
Notes: 

Komati 

Date:       23/07/2019 Site: VP34 

Location: IN PUNCHBOWL Coordinates: E 0626643 N 7526781 

Landform Pattern: PLA Micro Relief: N/S (GILGAI APPROX 20CM) 

Landform Element: PLA Rock Outcrops:  

Morphological Type: F S C Fragments:  

Site Disturbance: 3 Substrate:  

Erosion: S Surface Condition: G 

Landform 

Elevation: 236 Permeability: 2 

Slope (%): 0 Drainage: 3 

Relief: <9 Run-off: 3 

[Soil Description] 

Horizon Depth (mm) Boundary Colour Mottles Texture 
Coarse 

Fragments 
Structure Segregations Consistency Field pH 

A1 0-80  10YR2/1  LMC  VM2PO  T21N1 8.5 21 

A2 80-320 AS 10YR2/2  LMC 11S_2 VM3PO 2KN2 T21N1 8.5 160 

UB 320-790 GS 7.5YR4/6  MC 11S_S VW2PO 4KN3 T12N3 8.5 500 

LB 790-1190 CB 7.5YR6/4  CLS  VW2PO 5KN3 T12N2 8.5 1070 

            

Vegetation: 

UPPER HALF, BLACK AND CRACKY LIKE VERT, 

BUT BOTTM HALF IS A BROWN CLAY 



 Project Name:  
Notes: 

Orange 

Date:       22/07/19 Site: VP35 

Location: Off the southern border of zig 
zag bend  

Coordinates: E0625692 N 7528649 

Landform Pattern: PLA  Micro Relief: N 

Landform Element: PLA Rock Outcrops:  

Morphological Type: F S C Fragments: 11U_OT 

Site Disturbance: 2 Substrate:  

Erosion: PWXCXS2 Surface Condition: G MAYBE M TOO 

Landform 

Elevation: 233 Permeability: 2 

Slope (%): 0 Drainage: 4 

Relief: <9 Run-off: 2 

[Soil Description] 

Horizon Depth (mm) Boundary Colour Mottles Texture Coarse Fragments Structure Segregations Consistency Field pH 

A1 130  10YR2/1  LC  VM3PO  D32N3 6 100 

A2 130-640 DS 10YR2/1  LMC  VM5SB  T52N3 8.5 380 

B 640-1200 DS 10YR3/1  LMC SOME SAND 
PRESENT IN 
PATCHES 

G  T52N3 8.5 1000 

            

            

Vegetation: ACACIA MONO S. 

 



 Project Name:  
Notes: 

Zambezi 

Date:      23/07/2019  Site: VP36` 

Location: PAST VD11 TOWARDS 
TRIP GATE  

Coordinates: E 0624632 N 7527796 

Landform Pattern: PLA Micro Relief: D 

Landform Element: PLA Rock Outcrops: X - assume sandstone 

Morphological Type: F S C Fragments: Only veg 

Site Disturbance: 2 Substrate: 2XV(QMmS) 

Erosion: PWXCXS2 Surface Condition: F 

Landform 

Elevation: 246 Permeability: ¾ 

Slope (%): 3 Drainage: 4 

Relief: <9M Run-off: 2 

[Soil Description] 

Horizon Depth (mm) Boundary Colour Mottles Texture 
Coarse 

Fragments 
Structure Segregations Consistency Field pH 

A1 0-200  7.5YR4/2  S  G  D00N0 5.5 20 

A2 200-360 CS 7.5YR5/4  S  G  D00N0 5.5 310 

B 360-640 CI 10YR5/2 M32D(RO)D CLS 11SRS VM3PO  T32N2 6.5 500 

C 640-680 AS 2XV(QFmS)         

            

Vegetation: Some black wattle and eucalypts  

 



 Project Name:  
Notes: 

Zambezi 

Date:       23/07/19 Site: VP37 

Location: NEAR CATTLE YARDS Coordinates: E 0625149 N 7524622 

Landform Pattern: PLA Micro Relief: D 

Landform Element: PLA Rock Outcrops:  

Morphological Type: F S C Fragments:  

Site Disturbance: 2 Substrate:  

Erosion: PWXCXS1G2 Surface Condition: F341 

Landform 

Elevation: 229 Permeability: 3 

Slope (%): 0 Drainage: 4 

Relief: <9 Run-off: 1 

[Soil Description] 

Horizon Depth (mm) Boundary Colour Mottles Texture 
Coarse 

Fragments 
Structure Segregations Consistency Field pH 

A11 50  7.5YR2.5/2  LS  GW2PO  D10N0 8.5 35 

A12 50-240 AS 7.5YR3/3  LS  GW2PL  D10N0 7.5 320 

A2 240-490 GS 7.5YR5/4 M1DYC LS  GW2PO  D10N0 7 520 

UB 490-700 AS 7.5YR5/4 M2D(OR)C ZCL 11U_S GM4PL  T31N2 7 600 

LB 700-850 AS 7.5YR6/1  LC 11U_S GS4PO  T41N3 8 780 

Vegetation: GUM TREES, FEW BLACK WATTLE, EUCALYPTS 

• Ph COULD BE OFF DUE TO 

PRESENCE of COWS IN CATTLE YARD 



 Project Name:  
Notes: 

Zambezi 

Date:       24/07/2019 Site: VP38 

Location: @ hook corner  Coordinates: E 0624909 N 7524427 

Landform Pattern: PLA Micro Relief: D 

Landform Element: PLA Rock Outcrops:  

Morphological Type: F S C Fragments:  

Site Disturbance: 2 Substrate:  

Erosion: S Surface Condition: S 

Landform 

Elevation: 208 Permeability: 4 (ONLY SAND OBSERVED) 

Slope (%): 0 Drainage: 4 

Relief: <9m Run-off: 1 

[Soil Description] 

Horizon Depth (mm) Boundary Colour Mottles Texture 
Coarse 

Fragments 
Structure Segregations Consistency Field pH 

A11 0-130  7.5YR2.5/2  ZL  VW2PO  D21N0 7 60 

A12 130-550 AS 7.5YR3/2  LS  VW2PL  D20N0 6.5 300 

A2 550-950 GS 10YR4/4  S  G  T00N0 7 800 

            

            

Vegetation: Poplar box and grass  

Suspicious that this is the same as VP25, just 

the B horizon is deeper therefore was not 

observed. 

- Split A horizons  



 Project Name:  
Notes: 

Komati 

Date:       22/07/19 Site: VP39 

Location: Close to triple gate Coordinates: E 0625688 N 7527648 

Landform Pattern: PLA Micro Relief: N 

Landform Element: PLA Rock Outcrops:  

Morphological Type: F S C Fragments: 21A_IS 

Site Disturbance: 2 Substrate:  

Erosion: S Surface Condition: G 

Landform 

Elevation: 227 Permeability: 2 

Slope (%): 0 Drainage: 4 

Relief: <9 Run-off: 2 

[Soil Description] 

Horizon Depth (mm) Boundary Colour Mottles Texture 
Coarse 

Fragments 
Structure Segregations Consistency Field pH 

A1 0-80  7.5YR2.5/1  SCL  GM3PO  D21N2 7  

A2 80-520 AS 7.5YR3/3 M22DOD MC 51A_VSA GM4PO  D21N2 8.5  

U B 520-780 CB 7.5YR3/4  MC 51A_VSM GM4PO 3KN2W T42N3 8.5  

L B 780-1020 DS 7.5YR5/8  MC 51A_VSM GM4PO 5KN3W T42N3 8.5  

            

Vegetation: GUMS, GRASS , SHRUB WITH SMALL ROUND LEAVES -> LOOKS LIKE THE SODOSOL 

 



 Project Name:  
Notes: 

Orange 

Date:       23/07/19 Site: VP40 

Location: IN Punchbowl next to saraji 
rd 

Coordinates: E 0627472 N 7527245 

Landform Pattern: PLA Micro Relief: N/S GILGAI  

Landform Element: PLA Rock Outcrops:  

Morphological Type: F S C Fragments:  

Site Disturbance: 3 Substrate:  

Erosion: S Surface Condition: G 

Landform 

Elevation: 218 Permeability: 2 

Slope (%): 0 Drainage: 2 

Relief: <9 Run-off: M 

[Soil Description] 

Horizon Depth (mm) Boundary Colour Mottles Texture 
Coarse 

Fragments 
Structure Segregations Consistency Field pH 

A1 0-100  10YR2/1  LMC 11S_5 G 
(MASSIVE) 

 D21N1 7 10 

UB 100-600 AS 7.5YR2.5/1  LMC 11S_5 V3PO  T32N1 7.5 320 

LB 600-1110 DS 10YR3/1  LMC 11S_5 V3PO 2NK2 T43N1 9 1030 

            

            

Vegetation:  OPEN GRASSLAND   

 



 Project Name:  
Notes: 

Zambezi 

Date:       24/07/2019 Site: VP41 

Location: Wnw of VP 37 Coordinates: E 0626905 N 7524931 

Landform Pattern: PLA Micro Relief: D 

Landform Element: PLA Rock Outcrops:  

Morphological Type: F S C Fragments: 21S_IS 

Site Disturbance: 2 Substrate:  

Erosion: PWXCXS1 Surface Condition: G, F 

Landform 

Elevation: 226 Permeability:  

Slope (%): 0 Drainage:  

Relief: <9M Run-off:  

[Soil Description] 

Horizon Depth (mm) Boundary Colour Mottles Texture 
Coarse 

Fragments 
Structure Segregations Consistency Field pH 

A1 0-130  7.5YR4/2  LS  VW3PL  D10N0 6 80 

A2 130-280 CS 7.5YR5/2  LS  G  D00N0 7 220 

UB 280-770 GI 2.5Y5/3 M2F(YD)D CLS  VM4PO  T32N2 9 450 

LB 770-1090 CS 2.5Y5/1 M1F(Y)D ZCL 11S_S VM4PO  T31N2 9 970 

            

Vegetation: Poplar box, shrubs  

 



 Project Name:  
Notes: 

Zambezi 

Date:       24/07/2019 Site: VP42 

Location: Off the “track” Coordinates: E 0628019 N 7524657 

Landform Pattern: PLA Micro Relief: D 

Landform Element: PLA Rock Outcrops:  

Morphological Type: F S C Fragments:  

Site Disturbance: 1 Substrate:  

Erosion: S Surface Condition: S/F 

Landform 

Elevation: 200 Permeability: 3 

Slope (%): 0 Drainage: 4 

Relief: <9M Run-off: 2 

[Soil Description] 

Horizon Depth (mm) Boundary Colour Mottles Texture 
Coarse 

Fragments 
Structure Segregations Consistency Field pH 

A11 0-80  7.5YR2.5/2  LS  GW2PL  D10N0 6.5 20 

A12 80-460 CS 7.5YR3/2  LS  GW2PO  D10N0 6.5 180 

A2 460-610 GS 7.5YR2.5/3  ZCL  GM3PO  T33N1 7 540 

UB 610-780 CS 7.5YR3/4  ZCL 21S_S GM3PO  T33N1 7 700 

LB 780-940 GS 5YR5/6  LMC  GM3PO  T33N3 7 900 

Vegetation:Poplar, shrubs and grass  
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Appendix C Soil Observation Data 
  



Obs Date Site ID Vegetation  Soil Description/Unit Notes 

1 19-Jul OP1 Eucalyptus crebra Crocodile W to E, change from yellow to red soil 

2 19-Jul OP2 Eucalyptus populnea Boundary  West side = red, east side + yellow 

3 20-Jul OP3 Eucalyptus crebra Boundary  W=valley, E = similar to VP3 

4 20-Jul OP4 Eucalyptus populnea Limpopo Pale sandy  

5 20-Jul OP5 Eucalyptus crebra Crocodile  similar to VP3 

6 20-Jul OP6 Eucalyptus crebra, grass Limpopo   

7 20-Jul OP7 Eucalyptus crebra, grass Crocodile    

8 20-Jul OP8 Eucalyptus populnea, Eucalyptus crebra Boundary  NE- Yellow sandy, SW - red rocky 

9 20-Jul OP9 Eucalyptus populnea, Eucalyptus crebra Limpopo Yellow sandy 

10 21-Jul OP10 Eucalyptus crebra Boundary  W-red rocky E - yellow sandy  

11 21-Jul OP11 Eucalyptus populnea, Eucalyptus crebra Boundary  E - red rocky , W - yellow sandy 

12 21-Jul OP12 Eucalyptus populnea, Eucalyptus crebra Limpopo Pale sandy, footlsope to SW 

13 21-Jul OP13 Eucalyptus populnea Boundary  NW - brown sandy, SE - yellower 

14 21-Jul OP14 Eucalyptus populnea, Eucalyptus crebra Boundary  W-red rocky E - yellow sandy  

15 21-Jul OP15 Type of Gum trees? Komati S - valley, N - flat 

16 21-Jul OP16   Crocodile Brown shaley soil with sz substrate exposed 

17 21-Jul OP17   Crocodile Brown shaley soil with sz substrate exposed 

18 21-Jul OP18 Malaleuca - watercourse Zambezi    

19 22-Jul OP19 Eucalyptus populnea, Eucalyptus crebra Boundary  S - red rocky, N - yellow sandy  

20 22-Jul OP20 Eucalyptus populnea Limpopo S-wards - yellow sandy  

21 22-Jul OP21 Looks like sheoak? Confirm  Boundary  N - red sandy, S vertosol  

22 22-Jul OP22 Gum/ Eucalyptus populnea Boundary  SE - red brown, like VP 32 

23 22-Jul OP23 ""  Boundary  E-wards, change to vert  

24 22-Jul OP24 Change from dense eucalypt to grassy  Boundary  SE- red/brown cracking to dark vert  

25 22-Jul OP25   Boundary    

26 22-Jul OP26 Change to Eucalyptus populnea Boundary  We-wards - brown to sandy  

27 22-Jul OP27 Disappearance of Eucalyptus populnea Boundary  W- less sandy , red to cracky  

28 22-Jul OP28 Change to Eucalyptus populnea Boundary  W- less sandy more red brown  

29 22-Jul OP29 Eucalyptus crebra Boundary  W - no sandy, hard brown  



Obs Date Site ID Vegetation  Soil Description/Unit Notes 

30 22-Jul OP30 
Eucalyptus populnea, Corymbia 
erythophloia Boundary  NW - yellow sandy, SE - red rocky  

31 22-Jul OP31   Boundary  
SE - going from VP 20 ground cover down ridge to yellow 
sandy  

32 23-Jul OP32 Eucalyptus populnea Komati Red brown cracking  

33 23-Jul OP33 Eucalyptus crebra Boundary  Goes from yellow sandy to red cracky  

34 23-Jul OP34 Eucalyptus populnea Boundary  NE - away from red to sandy yellow  

35 23-Jul OP35 Open grassland with Eucalyptus crebra Boundary  Still sandy but firmer  

36 23-Jul OP36   Boundary  Orangey sandy soil, sevee erosion  

37 23-Jul OP37 Dense veg with shrubs Boundary  SW-wards - sandy to firm orange/brown cracking 

38 23-Jul OP38 
Change from Eucalyptus crebra, to 
Eucalyptus populnea Boundary  SW-wards, change from brown cracking to yellow sandy  

39 23-Jul OP39 
Change from  Eucalyptus populnea to 
Eucalyptus crebra Boundary  change to brown cracking  

40 23-Jul OP40 
Change from Eucalyptus crebra, to 
Eucalyptus populnea Boundary  NE - orange firm to yellow sandy  

41 23-Jul OP41 Eucalyptus crebra Limpopo   

42 23-Jul OP42 Open  grassland with eucalpyts Boundary  S - change to dark cracking  

43 23-Jul OP43 Dense eucalypts Boundary  change from dark cracking to brown cracking  

44 24-Jul OP44 Change to Eucalyptus populnea Boundary  S - dark cracking to brown cracking  

45 24-Jul OP45 Eucalyptus populnea Limpopo S - yellow sandy  

46 24-Jul OP46 Change to Eucalyptus populnea Limpopo S - yellow sandy  

47 24-Jul OP47 Change to shrublands Limpopo Ground lighter coloured  

48 25-Jul OP48 Change to Eucalyptus populnea   S-N - becomes browner  

49 25-Jul OP49 Malaleuca - watercourse Zambezi  sandy  

50 25-Jul OP50 Acacia Excelsa Fish  skeletal looking soil  

51 25-Jul OP51 Malaleuca - watercourse Zambezi    

52 25-Jul OP52 Spear head grass Kei Soil gets sandier and lighter  

53 25-Jul OP53 Acacia Excelsa Fish  Light grey sand 

54 25-Jul OP54 Acacia Excelsa Fish  Light grey sand 



Obs Date Site ID Vegetation  Soil Description/Unit Notes 

55 25-Jul OP55 Eucalyptus crebra Boundary  N-wards - less sand to brown cracking  

56 25-Jul OP56 Malaleuca - watercourse Zambezi  Yellow sandy  

57 25-Jul OP57 Change to shrublands Boundary  Soil darker  

58 25-Jul OP58 Eucalyptus populnea Boundary  Ground firmer wqith cracking  

59 25-Jul OP59 Malaleuca - watercourse Zambezi  Sandy  

60 25-Jul OP60 Open shrubby Orange change to dark vert  

61 25-Jul OP61 Open shrubby Orange   

62 25-Jul OP62 Open shrubby Komati Soil becomes brown cracking 

63 25-Jul OP63 Open shrubby Orange W - change from vert to brown cracking  

64 25-Jul OP64   Boundary  S - change from brown to vert  

65 25-Jul OP65   Boundary  Boundary between dark vert and brown cracking  

66 25-Jul OP66   Boundary  W - change to brown cracking  
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Appendix D Sampling Site Locations 



ID Sample 
Location 

SMU Latitude 
(GDA94) 

Longitude 
(GDA94) 

Elevation 
(m) 

Time Sample 
Type 

66 VP1 Limpopo -22.2891 148.186 221.958 2019-07-20T06:31:56Z Detailed 
Profile 

67 VP10 Sabie -22.3382 148.206 253.123 2019-07-21T06:01:13Z Detailed 
Profile 

67 VP10 Sabie -22.3382 148.206 253.123 2019-07-21T06:01:13Z Detailed 
Profile 

68 VP11 Sabie -22.3504 148.2 247.991 2019-07-22T05:42:39Z Detailed 
Profile 

69 VP12 Sabie -22.3475 148.184 262.36 2019-07-22T05:07:01Z Detailed 
Profile 

70 VP13 Limpopo -22.3878 148.223 167.617 2019-07-24T03:40:18Z Detailed 
Profile 

71 VP14 Sabie -22.3471 148.212 205.387 2019-07-21T20:49:12Z Detailed 
Profile 

71 VP14 Sabie -22.3471 148.212 205.387 2019-07-21T20:49:12Z Detailed 
Profile 

72 VP15 Limpopo -22.3194 148.146 364.653 2019-07-20T22:44:08Z Detailed 
Profile 

73 VP16 Zambezi -22.3683 148.206 188.452 2019-07-23T02:58:12Z Detailed 
Profile 

74 VP17 Limpopo -22.3524 148.178 242.206 2019-07-22T21:05:54Z Detailed 
Profile 

75 VP18 Limpopo -22.3094 148.193 205.966 2019-07-21T02:45:16Z Detailed 
Profile 

75 VP18 Limpopo -22.3094 148.193 205.966 2019-07-21T02:45:16Z Detailed 
Profile 

75 VP18 Zambezi -22.3094 148.193 205.966 2019-07-21T02:45:16Z Detailed 
Profile 

76 VP19 Zambezi -22.3585 148.2 193.061 2019-07-22T22:27:01Z Detailed 
Profile 

77 VP2 Limpopo -22.281 148.179 206.507 2019-07-20T02:12:40Z Detailed 
Profile 

78 VP20 Sabie -22.3464 148.171 330.941 2019-07-22T03:40:15Z Detailed 
Profile 

80 VP22 Limpopo -22.3264 148.205 225.635 2019-07-21T04:58:00Z Detailed 
Profile 

81 VP23 Zambezi -22.3227 148.2 210.286 2019-07-21T04:11:54Z Detailed 
Profile 

82 VP24 Limpopo -22.3355 148.213 190.831 2019-07-22T00:12:20Z Detailed 
Profile 

83 VP25 Zambezi -22.3739 148.257 137.049 2019-07-23T21:44:31Z Detailed 
Profile 

84 VP26 Kei -22.4019 148.271 133.606 2019-07-25T01:12:13Z Detailed 
Profile 

85 VP27 Fish -22.3974 148.262 135.174 2019-07-24T23:50:48Z Detailed 
Profile 

86 VP28 Limpopo -22.4045 148.255 157.437 2019-07-24T20:42:42Z Detailed 
Profile 



ID Sample 
Location 

SMU Latitude 
(GDA94) 

Longitude 
(GDA94) 

Elevation 
(m) 

Time Sample 
Type 

87 VP29 Zambezi -22.3927 148.245 139.214 2019-07-24T00:38:58Z Detailed 
Profile 

88 VP3 Crocodile -22.2694 148.159 213.906 2019-07-19T22:28:23Z Detailed 
Profile 

89 VP30 Kei -22.3851 148.266 127.093 2019-07-24T22:33:57Z Detailed 
Profile 

90 VP31 Orange -22.3666 148.249 154.395 2019-07-23T20:27:47Z Detailed 
Profile 

91 VP32 Komati -22.3481 148.233 192.306 2019-07-22T01:13:23Z Detailed 
Profile 

92 VP33 Zambezi -22.4011 148.218 153.994 2019-07-24T01:50:39Z Detailed 
Profile 

93 VP34 Komati -22.3602 148.23 197.857 2019-07-23T04:56:11Z Detailed 
Profile 

94 VP35 Orange -22.3434 148.221 190.981 2019-07-21T22:50:59Z Detailed 
Profile 

95 VP36 Limpopo -22.3512 148.21 207.953 2019-07-23T04:01:39Z Detailed 
Profile 

96 VP37 Limpopo -22.3799 148.216 164.519 2019-07-22T23:55:17Z Detailed 
Profile 

97 VP38 Zambezi -22.3813 148.257 128.586 2019-07-23T22:56:37Z Detailed 
Profile 

98 VP39 Komati -22.3525 148.221 223.283 2019-07-22T06:33:02Z Detailed 
Profile 

99 VP4 Crocodile -22.2782 148.164 246.741 2019-07-20T01:02:42Z Detailed 
Profile 

100 VP40 Orange -22.356 148.238 185.746 2019-07-23T06:02:30Z Detailed 
Profile 

101 VP41 Zambezi -22.3769 148.233 170.22 2019-07-24T04:43:05Z Detailed 
Profile 

102 VP42 Zambezi -22.3793 148.244 163.268 2019-07-24T06:12:48Z Detailed 
Profile 

103 VP5 Crocodile -22.2925 148.166 279.986 2019-07-20T03:50:31Z Detailed 
Profile 

104 VP6 Crocodile -22.2927 148.147 331.062 2019-07-19T05:26:33Z Detailed 
Profile 

105 VP7 Limpopo -22.288 148.178 230.795 2019-07-20T05:26:45Z Detailed 
Profile 

106 VP8 Crocodile -22.2901 148.176 235.049 2019-07-21T00:35:31Z Detailed 
Profile 

107 VP9 Limpopo -22.3854 148.191 191.344 2019-07-23T01:11:31Z Detailed 
Profile 
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