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1 INTRODUCTION 

1.1 Project Background 
Image Resources (Image) are proposing to develop the Atlas Mineral Sands Mine (the Project), located 
approximately 18 km east of Cervantes in the Shire of Dandaragan (Figure 1). The Project will comprise 
an open cut mine pit, processing plant, solar drying ponds and supporting infrastructure for the mining 
and processing of approximately 5.47 Mt of ore. The mine pit will be dewatered, mined and 
progressively rehabilitated in stages with a total extent of approximately 3 km long, up to 500 m wide 
and up to 15 m deep (Preston Consulting, 2020).   

This soil and waste management plan (SWMP) is required to support the Public Environmental Review 
that is being prepared for the Project.  

1.2 Mining method 
The Atlas deposit will be mined and progressively rehabilitated in stages, with a total extent of 
approximately 6 km long, 200 to 400m wide, and 1m to 15m deep. The proposed mining operations will 
comprise dewatering and excavation to a maximum depth of 16m. Conventional earthmoving 
equipment will be used to remove overburden, prior to accessing the ore. Overburden will initially be 
stockpiled externally to the pit until sufficient mine voids are available to allow progressive backfill. The 
mining void will be progressively rehabilitated to the pre-mining surface profile with the pre-existing land 
use reinstated as mining advances (Preston Consulting, 2020). 
 
Ore will be delivered and stockpiled on a run-of-mine (ROM) pad until loaded into a feed preparation 
plant (FPP) where process water is introduced before being slurried and pumped to the Wet 
Concentrator Plant (WCP) for processing. The WCP will recover the contained heavy minerals via 
gravity separation, producing sand tails and clay fines (slimes) as waste products. Sand tails will be 
returned to the pit void after cycloning to dewater the material. Clay fines will be pumped to solar drying 
ponds before being placed back into the pit void. The implementation of co-disposed tailings sands and 
tailings slimes fines, as adopted at Image’s Boonanarring project, will be investigated through the early 
development of the Proposal (Preston Consulting, 2020). 

1.3 Objectives 
The overarching purpose of this preliminary SWMP is to summarise the known characteristics of soil 
and mine waste materials associated with the Project, to identify management requirements and soil 
profile reconstruction to maximise the success of rehabilitation success post mining. This will be 
measured through achievement of closure outcomes and associated completion criteria that will be 
developed in the Project Mine Closure Plan (MCP). This preliminary SWMP has the following specific 
objectives: 

• Describe the current knowledge base on soil and mine waste characteristics, including topsoil, 
subsoil, overburden, tailings sand and tailings slimes. 

• Provide preliminary management strategies for soil, overburden and tailings. 

• Summarise information on the potential presence of acid sulphate soils (ASS) and detail 
potential ASS management strategies. 

• Provide detail on the placement of soil and mine waste materials within reconstructed soil 
profiles following mining operations. 
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This SWMP will be developed further as additional information becomes available on the characteristics 
and volumes of the soil and mine waste materials to be generated during mining activities. It is intended 
that a soil and mine waste inventory will be developed within future iterations of the SWMP, to identify 
soil and mine waste characteristics, material volumes and associated management protocols for 
operational and rehabilitation/closure activities. 

2 SOIL AND MINE WASTE CHARACTERISTICS 
The soil and mine waste materials associated with the Project include topsoil, subsoil, overburden, 
tailings sand and tailings slimes. These materials can be classified as follows: 

• Topsoil – the top 0-0.2m of the soil profile. 

• Subsoil – the near-surface of the soil profile, ranging in depth from approximately 0.2 to 1.5m, 
depending on the depth of the mineralised zone. 

• Overburden – the soil regolith profile situated below the surface soils (i.e. below the topsoil / 
subsoil) and above the mineralised zone of the deposit. The thickness and depth of the 
overburden present, varies depending on the depth of the mineralised zone. 

• Tailings sand – the coarse fraction of the waste materials remaining once the ore has been 
extracted. 

• Tailings slimes – the fine textured fraction of the waste materials remaining once the ore has 
been extracted. 

The known characteristics of the soil and mine waste materials are summarised in Section 2.1.  

2.1 Summary of surface soil characteristics 
Mine Earth was commissioned by Image Resources to complete a baseline soil and landform 
assessment for the Project (Mine Earth, 2021a). Three soil-landform associations were identified within 
the study area, namely ‘Low sandy rises’, ‘Sandy plains’ and ‘Drainage lines / flats’ (Figure 1).  

The results of the baseline soil assessment are summarised below. 

Soil Characteristics  

The physical and chemical characteristics of surface soil materials were assessed from 22 locations 
within the study area, with soil profiles describe and characterised to a maximum depth of approximately 
1.5m.  

There was a wide range of physical and chemical soil characteristics measured across the study area, 
however, the soil characteristics were generally consistent with position within the landscape and soil-
landform association.  

The characteristics of soils present within the three soil-landform associations are summarised as 
follows: 

• Low sandy rises: 

o Deep, single-grained, structureless sands to depths >1.5m. 

o Consistently non-saline, non-sodic and non-dispersive soils to >1.5m depth, with low 
nutrient status, low soil strength, ‘very rapid’ drainage class and low water holding 
capacity.   

o Topsoils (0-0.2m) characterised as ‘moderately’ to ‘severely’ water repellent.  
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o Concentrations of all metals tested below the average crustal abundance. 

• Sandy plains: 

o Single grained, structureless sandy soils (to variable depths of 0.6 to 1.3m) over 
weakly structured clayey sand horizon.  

o Consistently non-dispersive sandy soils to variable depths of 0.6 to 1.3m, with low 
nutrient status, low soil strength, ‘very rapid’ drainage class and low water holding 
capacity.   

o Increased salinity at depths of 0.4 to 1.5m at some sampling locations. 

o Topsoils (0-0.2m) characterised as ‘Very low’ to ‘severely’ water repellent.  

o Minor elevations of Se above the average crustal abundance at some locations, 
throughout the soil profiles. 

• Drainage line / flats: 

o Single grained, structureless sandy soils (to average depth of 0.5m) over massive 
light clay horizons.  

o Consistently non-dispersive sandy soils to approximately 0.5m, with low to moderate 
nutrient status, low soil strength, very rapid drainage class and low water holding 
capacity.   

o Moderately saline, topsoil and subsoils classified as highly sodic, with minor 
dispersion of clay fraction upon saturation of some samples, low to moderate 
nutrient status, moderately slow drainage class and moderate water holding 
capacity. 

o Topsoils (0-0.2m) characterised as ‘Very low’ to ‘Moderately’ water repellent.  

o Minor elevations of Se above the average crustal abundance within the surface soils 
(to 0.5m depth) at some locations. 

o Clay-rich subsoil horizons exhibited elevated salinity, sodicity and poor structural 
stability (clay dispersion), ‘extremely slow’ drainage class and high water holding 
capacity. 

o Elevations of As, Pb and Se above the average crustal abundance within the clay-
rich subsoils at some locations. 

In general, the characteristics of the topsoils (0 to 0.2m depth) from all soil-landform associations were 
relatively consistent. The topsoils will be a valuable resource for rehabilitation of the reconstructed soil 
profile surface following mining operations. 

The characteristics of the sandy subsoil materials to depths of approximately 0.5m within the ‘Sandy 
plain’ and ‘Drainage lines / flats’, and to >1.5m in the ‘Low sandy rises’, were also relatively consistent. 
These soils (where non-mineralised) are also considered a valuable resource for soil profile 
reconstruction. 

The clay-rich subsoils from approximately 0.5m depth in the ‘Drainage lines / flats’, and to a lesser 
degree within the ‘Sandy plain’ soil-landform associations, exhibited elevated salinity, dispersion of the 
clay fraction (poor structural stability) and a lower drainage class than the sandy soils from higher in the 
soil profiles. These soils should not be placed at the surface of reconstructed soil profiles. 
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2.2 Overburden 
The Atlas deposit is predominantly comprised of pale deep Bassendean sands with minor components 
of yellow deep sand, gravelly sands, sandy duplexes and wet soils (Image Resources, 2017).  

Mineralisation of the Atlas deposit (classified as ≥2% heavy mineral (HM) content) often starts at the 
surface but can be up to 16 m deep. The deposit is oxidised to the base of the mineralisation. However, 
where there is a thick clay base, the underlying grey to black coloured sediments are often less oxidised 
to reducing. Two zones of iron oxide induration are present in the stratigraphy. The first is located on 
the contact with the basal Cretaceous sediments (basement, below the deposit) and the second occurs 
as a discontinuous layer above the mineralisation, where it is covered by sands. The formation of iron 
cementation at two levels in the deposit suggests that water table and redox conditions have varied 
throughout the sequence. The basement units (below the ore zone) are predominantly very fine to 
granular or pebbly, poorly sorted sands and clayey sands. Occasional silt and clay units are also 
intersected on the edges of the deposit, most likely reflective of facies changes in the underlying 
Yarragadee Formation and other Jurassic units. (Image Resources, 2017).  

Chemical and physical characterisation of the overburden mine waste is currently being undertaken. 
Additional information pertaining to the characteristics, volumes and associated management of the 
overburden waste will be included in future iterations of the SWMP.  

2.3 Tailings sand 
The physical and chemical characteristics of the tailings sand to be generated during mineral processing 
are currently being assessed. Based on information derived from similar mineral sands mining 
operations in the region, it is expected that the tailings sand component of the processed waste will be 
chemically benign, non-hardsetting, free-draining coarse sands.  

Information pertaining to the characteristics, volumes and associated management of the tailings sands 
waste will be included in future iterations of the SWMP. 

2.4 Tailings slimes 
The physical and chemical characteristics of the tailings slimes to be generated during mineral 
processing are currently being assessed. Based on information derived from similar mineral sands 
mining operations in the region, it is expected that the tailings slimes component of the processed waste 
may have physical and chemical characteristics (e.g. high sodicity, hardsetting, low permeability) which 
necessitate placement at the base of the reconstructed soil profiles, below the overburden and surface 
soil materials (topsoil and subsoils).  

The potential for co-disposal of the tailings sand and tailings slimes materials to mitigate the potentially 
problematic physical characteristics of the tailings slimes is currently underway, to optimise 
management, placement and rehabilitation of the backfilled profile.  

Information pertaining to the characteristics, volumes and associated management of the tailings slime 
waste will be included in future iterations of the SWMP. 

2.5 Acid Sulphate Soils  
Acid sulphate soils (ASS) often occur beneath the water table in sandy soil profiles of the Swan Coastal 
Plain and are often associated with mineral sand deposits (DER, 2015). ASS are naturally occurring 
soils and sediments that contain iron sulfides, predominantly in the form of pyrite materials. The 
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disturbance of ASS and exposure to oxygen results in sulfuric acid being formed, which leads to the 
release of metals, nutrients and acidity into the soil and groundwater system (DER, 2015). 

Land units which are considered to be an ASS risk are present within the Project area i.e. wetlands, 
creeklines and high groundwater table areas (DER, 2015). ASS are typically associated with dark 
coloured soils and those soils with higher slimes (clay) contents. Analysis of information detailed within 
the Project drilling database, indicates that potential ASS soils (i.e. dark soil colours with high clay 
contents) are present at variable depths within the soil / overburden / ore profiles. There appears 
however to be little spatial correlation of potential ASS soils, either with position in the landscape and/or 
depth within the soil profiles (Mine Earth, 2021b) 

An ASS sampling and analysis program is currently being conducted, in accordance with the 
Government of Western Australia guidelines for identification and investigation of acid sulfate soils and 
acidic landscapes (DER, 2015a), to further quantify the presence and distribution of ASS within the 
deposit and surrounding groundwater drawdown area. The ASS sampling program comprises sampling 
and analysis of soil, overburden and mineralised materials, at 1m depth intervals, from 63 locations 
within the Project area. Sampling at each location will extend to at least 1m below the depth of 
disturbance (i.e. pit floor) and / or groundwater drawdown level (Mine Earth, 2021b). 

Information pertaining to the presence, spatial distribution and associated management of ASS will be 
included in future iterations of the SWMP. 

3 SOIL AND OVERBURDEN MANAGEMENT 

3.1 Soil 
Topsoil materials from all disturbance areas will be salvaged to a depth of approximately 0.2m and 
stockpiled as a surface rehabilitation resource. Due to the differences in vegetation (and soil seed store) 
present lower in the landscape, topsoils from the ‘Drainage lines / flats’ soil-landform association will be 
stockpiled separately from the ‘Low sandy rise’ and ‘Sandy plain’ topsoils, for surface application in ‘low 
areas’ of the reconstructed landscape post mining.  
 
Sandy subsoils from 0.2 to 0.5m depth across all soil-landform associations will be salvaged for 
placement as a subsoil material in reconstructed soil profiles. 
 
Clay-rich subsoils from depths from 0.5m in the ‘Drainage lines / flats’, and where present in the ‘Sandy 
plain’ profiles will not be placed at the surface of reconstructed soils profiles. All clay-rich subsoil / 
overburden material will be placed below the topsoil and sandy subsoil materials (at depths below 0.5m) 
in reconstructed soil profiles. 
 
The sandy, water repellent nature of the topsoils within the Project area indicates that wind erosion and 
surface water infiltration may be an issue in the early stages of rehabilitation, prior to vegetation 
establishment. Specific topsoil management and surface rehabilitation recommendations which can 
optimise the success of rehabilitation activities are as follows: 

• Vegetation debris from clearing operations prior to mining will be placed on the final 
rehabilitation surface to mitigate wind erosion, provide fauna habitat and niche locations 
for vegetation establishment.  

• Any vegetation litter present at the soil surface (i.e. within the topsoils) will be collected 
and stockpiled with the topsoil.  
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• Soil stripping will occur as close as possible to the time when the proposed disturbance is 
scheduled to commence. Direct return of topsoil / subsoil materials to reconstructed soil 
profiles will be implemented where possible. 

• Application of surface treatments (e.g. contour scarification, to ‘roughen’ the soil surface) 
will be implemented to promote infiltration of rainfall into the soil surface. 

3.2 Overburden 
The overburden mine waste material will initially be stockpiled for return to the mine pit, until sufficient 
space is available to allow progressive direct return / backfill. Once the characteristics and volumes of 
the overburden materials have been further quantified as part of the current assessment, the strategy 
and protocols for overburden management and placement within the post-mining reconstructed profile 
will be further developed.  

4 TAILINGS MANAGEMENT 
Tailings sand will be returned to the pit void after cycloning to dewater the material. Tailings slimes will 
be pumped to solar drying ponds before being returned to the pit void. The physical and chemical 
characteristics of the tailings sand and tailings slimes are currently under investigation. The potential 
benefits of co-disposal of the tailings sand and slimes materials are also being assessed, to identify 
optimal characteristics and placement of the mine waste materials in the backfilled pit.  

Additional detail on the characteristics, volumes and associated management of the tailings materials 
to be generated during operations will further developed and included in the SWMP upon conclusion of 
the current mine waste assessment program. 

5 ONGOING ASS IDENTIFICATION AND MANAGEMENT 
The outcomes of the current ASS investigation for the Project will inform the requirements for 
management of ASS during mining operations. The management strategies employed, if ASS are 
encountered, will be in accordance with the Government of Western Australia guidelines for treatment 
and management of soils and water in acid sulfate soil landscapes (DER, 2015b).  

ASS management protocols for the Project are likely to include: 

• Avoidance of known ASS wherever possible. 

• Regular in-pit screening and assessment of in-pit materials based on outcomes of the current 
ASS assessment program and visual identification of potential ASS (i.e. dark coloured, clay 
rich soils) during mining operations. 

• Regular screening and assessment of tailings slimes prior to backfill to the mine void. 

• Routine groundwater monitoring to identify groundwater pH prior to and during operations.   

• Routine process water monitoring. 

Further information and specific management protocols for ASS will be included in future iterations of 
the SWMP, following the current ASS assessment program for the Project. 
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6 SOIL PROFILE RECONSTRUCTION 
Soil profile reconstruction will occur progressively throughout the operational phase of the Project. The 
following protocols will be implement prior to, and during the early stages of mining to optimise soil 
profile reconstruction and rehabilitation: 

• Updates to the soil and mine waste inventory, detailing the physical and chemical 
characteristics and volumes of soil, overburden and tailings materials. 

• Determine optimal placement and/or blends of tailings materials (i.e. co-disposed tailings sands 
and slimes) for backfill to the mine void. 

• Identify and implement parameters for re-establishing groundwater connectivity and surface 
drainage.  

• Prepare soil profile reconstruction designs and scheduling, including timing around optimal 
weather conditions. 

• Progressively backfill mine void with tailings and overburden materials to achieve target design 
surface, with allowances for consolidation of backfilled materials and placement of topsoil / 
subsoil surface rehabilitation medium. 

• Re-contour backfilled surface as required. 

• Direct return subsoil and topsoil materials. 

• Re-instate surface water drainage features. 

• Implement surface rehabilitation prescriptions, scarification, placement of vegetation debris, 
seed and fertiliser to optimise rehabilitation performance. 

The conceptual soil profile reconstruction process is shown schematically in Figure 2.  

 

Figure 2 Progressive mining, soil profile reconstruction and rehabilitation schematic (Image 
Resources, 2019) 
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