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EXECUTIVE SUMMARY 

Introduction 

SLR Consulting (Africa) (Pty) Ltd with assistance from Pedoplan International Consultants (Pedoplan) conducted 
a soil specialist investigation of areas identified for proposed mining project components for Bilboes Holdings 
(Pvt) Ltd. Pedoplan conducted the field work which was used by SLR to compile the soil specialist study report.  
The study covered a haulage road of approximately 30 km between the Isabella and Bubi mines as well as an 
area west of Isabella, earmarked for a mineral processing plant area, a tailings facility and a return water dam.  
 

Terrain, geological and climatic setting 

The climate is warm semi-arid (Koppen-Geiger: BSh) with an annual rainfall of approximately 657 mm (SLR, 
2018).  
The terrain takes the form of a relatively level to slightly undulating high plain or plateau, bordered by the 
Bembezi River in the south and the Bubi River in the north. The altitude ranges from 1155 m at the Isabella 
mine in the southwest to 1216 m on the upland between the rivers and drops slightly to 1200 m at the Bubi 
mine in the north-northeast. Slopes rarely exceed two or three percent. The study area is situated on the edge 
of a greenstone body, consisting of ancient sediments and mafic, ultramafic and felsic metavolcanics that had 
been altered and merged into the granitic Zimbabwe Craton.  
 

Methodology 

In a desktop phase, accessible information on the soils of the project area and surrounds were assembled and 
assessed. Aided by Google earth imagery, seventy-five data points were identified for investigation. During 
fieldwork, these points were visited on foot and the soils were investigated by hand augering, profile 
description and sampling. They were classified in terms of the Zimbabwean soil classification system. Samples 
were analysed by Zimlabs in Harare. Based on the accumulated data, a detailed soil map was produced. 
 

Soils 

The soils of the study area are summarised in Table 1-1 

Table 1-1: Summary of the soils of the study area. 

MAP UNIT SOIL DESCRIPTION LANDFORM 

FERSIALLITIC SOILS 

A Moderately deep(1) red or red-brown, luvic, weak blocky, sandy clay loam 
on weathered rock 

Level to gently sloping 
plains 

B1 Shallow red-brown, luvic, weak blocky, sandy clay loam predominantly 
on weathered metasediments  

B2 As for B1 but predominantly on metavolcanics 

B As for B1 but on undifferentiated parent materials 

C Shallow or moderately deep, imperfectly drained, yellowish grey-brown, 
apedal, sandy loam or loamy sand on hard or weathered rock with hard 
plinthite in places 

SIALLITIC SOILS 

D Deep or moderately deep dark red-brown, luvic, weak to moderate 
blocky sandy clay loam or sandy clay 

Level to moderately 
sloping riparian areas or 
level alluvial plains 

E Shallow or moderately deep, grey-brown or red-brown, strongly luvic, 
moderate to strong blocky, sandy clay loam or sandy clay on weathered 

Level to gently sloping, 
weakly developed, 
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MAP UNIT SOIL DESCRIPTION LANDFORM 

or hard rock drainage depressions 

F Shallow or moderately deep, dark grey-brown or dark red-brown,  
moderate to strong blocky, sandy clay on weathered or hard rock 

LITHOSOLS 

G Very shallow brown, red-brown or grey-brown, massive or weak blocky, 
gravelly sandy loam or sandy clay loam on hard rock; with rock outcrops 

Localised knolls or  gentle 
midslopes 

(1) Soil depth classes:  Deep:  1 m or more; Moderately deep: 61-100 cm; Shallow: 26-60 cm; Very shallow: 25 
cm or less 

 

Fersiallitic soils 

Fersiallitic soils are the most widespread soils in southern Africa, the reddish brown, well-drained, sandy clay 
loams being commonplace under moderate weathering and leaching regimes and on parent materials with low 
to moderate clay forming potential. Where they are of sufficient depth, they are highly valued as agricultural 
soils. Fersiallitic as a taxon has been superseded in FAO/WRB soil classification frameworks, largely by Luvisols 
and Cambisols. Relatively weakly developed pedons are now classified as Cambisols and those with a marked 
clay increase from A to B horizons, as Luvisols. In the study area, the soils tend to be rich in silt.   

Siallitic soils 

The central concept of the siallitic group of soils is described as “unleached soils, generally with large reserves 
of weatherable minerals, high base saturation and predominantly active clay fractions”. In the study area, 
these concepts are embodied in sandy clay loam or sandy clay soils with moderate or strong blocky structure. 
They tend to be rich in silt. 

Lithosols 

Mappable occurrences of soils that are 25 cm deep or shallower. 

 

Soil Chemical Properties 

Base status 

The soils are well supplied with bases, mainly calcium and magnesium, and are very slightly acidic at pHwater 
values of 6.6 to 6.7. 
Salinity and sodicity status 

Both the analytical data and the observed physical soil properties indicate a non-saline, non-sodic 
environment.  

Phosphorus status 

The soils are moderately well supplied by plant available phosphorus. 

Cation ratios 

Although potassium levels do not appear to be low in absolute terms, they are low relative to calcium and 
magnesium in combination, and decidedly low relative to magnesium. Relatively high exchangeable 
magnesium levels are present. This is one of the factors causing surface crusting, slow permeability, water 
runoff and soil erosion. 

Micronutrients 

Under the near-neutral pH conditions of the area, the availability of micronutrients is optimal.   
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Baseline levels of selected elements 
A number of elements were analysed in order to obtain a baseline against which potential future soil 
degradation may be measured. It is to be noted that none of the elements analysed (arsenic excepted) appears 
sufficiently high to impact on current land use. 
 
Derived soil properties 

Selected physical soil properties that are complex and impractical to measure on a routine basis were derived 
in a qualitative manner. Al the soils except those of map unit F are well or moderately well drained. Soil depth 
severely limits the profile available water holding capacity. High magnesium and silt contents are factors in 
rendering the soils susceptible to surface crusting and sealing following rainfall events. The clay mineralogy 
renderers the soils susceptible to compaction. 
 

Agro-Agricultural Zoning 

Zimbabwe is divided into five agro-ecological regions on the basis of the rainfall regime, soil properties and 
vegetation, among other factors. Although the region is not really suitable for dryland cropping, smallholder 
farmers do grow drought-tolerant varieties of maize, sorghum, pearl millet and finger millet.  
 

Land Capability 

In terms of the classic land capability system of Klingebiel and Montgomery (1961) for rainfed land use, the 
map units may be classified as shown in Table 1-2. Only map units A and D were considered marginally suited 
for rainfed crop production. All units are suited to extensive grazing. 

Table 1-2: Land capability system.  

Map 
units 

Land  
capability class 

Class description 

A, D IV Marginally arable land with very severe limitations that restrict the choice 
of plants and their yields; requires very careful management 

B1, B2, B 
C, E, F 

VI Land with severe limitations that render it generally unsuited to 
cultivation and limit its use largely to grazing, woodland or wildlife  

G VII Land with very severe limitations that render it unsuited to cultivation and 
that restrict its use to limited grazing, woodland or wildlife 

 

Arable agricultural potential 

Land capability refers to rainfed land use only. Agricultural potential also takes into account the suitability of 
the land for irrigation, should water be available. With modern technology (including ripping, ridging, microjet 
and drip water application) and considering the pressure on land for effective food production, the land of map 
units A and D are assessed as being moderately suitable for well-managed irrigation.  
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Impacts of the intended project on the soil resource 

Significant impacts are listed in Table 1-3 below. 

Table 1-3: Significant impacts on soil structure. 

Potential impact Phase Significance Impactor 

Without 
mitigation 

With mitigation 

Loss of arable land Construction and 
operational 

Medium Medium Infrastructure 
development 

including open 
pits and waste 

rock dumps 

Dust generation Construction 
and operational 

Medium Medium 

Soil compaction Construction Medium Low All 

Soil erosion Construction 
and operational 

Medium Low 

Trace metal pollution 
(waterborne) 

Operational High Medium Tailings facility 
Water return dam 

Plant site Acidification of soil and water Operational High Medium 

Heavy metal pollution (wind-
borne) 

Operational High Medium Tailings facility 

 
Mitigation 

From the table above it may be noted that some impacts offer greater scope for mitigation than others. 
Pollution, for example, can be prevented to a degree by management. The loss of arable land may not be 
possible to prevent in all cases. Attainable mitigation measures are discussed in Section 9.1. 
 

Conclusions 

The following conclusions pertaining to the soil assessment could be made: 

• No wetlands or high potential agricultural land (sensitive areas) are present or will be affected by the 
development; 

• Limited areas of low potential arable land (map unit A) will be sequestrated by the preferred access road 
alignment. This appears unavoidable; 

• The preferred access road alignment crosses inactive irrigable land below the farm dam on Gwizani. If well 
managed the impacts could probably be minimal; 

• The western and south-western (downslope) edges of the preferred infrastructure areas are 
approximately 500 m away from a non-perennial stream area. This land was not investigated; 

• Shallow, non-arable soils of grazing land are dominant in the area. Some map units are susceptible to 
water erosion; 

• An appropriate and sustainable applied monitoring program will be key to successful and sustained 
environmental care; and 

• In conclusion, from a soil resource point of view, the site selections appear acceptable. No prohibiting 
factors were identified.  
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 INTRODUCTION 

Bilboes Holdings (Pvt) Ltd (Bilboes) currently own and operate the Isabella-McCays-Bubi Oxide Complex, which 
comprises three existing gold mining operations. The operations are located within the Bubi District of the 
Matabeleland North Province of Zimbabwe. The Isabella and McCays Mines (known as the Isabella-McCays 
Complex) are located in close proximity to one another, approximately 75 kilometres (km) north of Bulawayo, 
while the Bubi Mine is located approximately 30 km further north-east of the Isabella-McCays complex. As part 
of their operations, Bilboes have identified additional gold-bearing sulphide ores beneath the oxide orebodies 
within the existing open pits at the three Mines. The proposed Bilboes Isabella-McCays-Bubi Gold Sulphide 
Project entails the establishment of additional infrastructure required at each of the three existing mines to 
facilitate the extraction, handling and processing of the sulphide ores. 

In order to extract the sulphide ores, the existing open pits would need to be mined deeper and wider. The key 
focus of this soil impact assessment is on the new infrastructure that would be required to process the gold 
from the sulphide ore. This includes a new processing plant and associated Tailings Storage Facility (TSF). It is 
currently proposed that this new infrastructure be established near the Isabella-McCays complex. In order to 
facilitate the transportation of the mined sulphide ore from Bubi Mine to the new processing plant, a new 
approximately 30 km haul road would also need to be established. 

Other new infrastructure associated with the proposed project would include: 

Waste rock dumps; 

New airstrip; 

Limestone quarry; and  

Associated facilities at the proposed processing plant (including a road network, offices, housing, power and 
water reticulation and other amenities).   

The planned establishment of some of the proposed infrastructure would also necessitate the diversion of an 
existing public road and powerline.  
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 illustrates the regional setting of the Isabella-McCays-Bubi Oxide Complex. Figure 1-2, Figure 1-3 and Figure 
1-4 illustrate the local setting for Isabella, McCays and Bubi respectively.  

The operations at each of the mines entail the removal of gold-bearing oxide ores from opencast pits, leaching 
of gold from the mined ores on heap leach pads to produce a gold liquor for carbon adsorption and electro-
wining. The cathodes are ultimately processed and smelted to produce gold Doré. The operations are currently 
on care and maintenance with activities limited to the re-leaching of the heap leach pads. 

 

1.1 PROJECT BACKGROUND 

As part of their operations, Bilboes have identified additional gold-bearing sulphide ores beneath the oxide 
orebodies within the existing open pits at the three Mines. The proposed Bilboes Isabella-McCays-Bubi Gold 
Sulphide Project entails the establishment of additional infrastructure required at each of the three existing 
mines to facilitate the extraction, handling and processing of the sulphide ores. 

In order to extract the sulphide ores, the existing open pits would need to be mined deeper and wider. The key 
focus of this soil impact assessment is on the new infrastructure that would be required to process the gold 
from the sulphide ore. This includes a new processing plant and associated Tailings Storage Facility (TSF). It is 
currently proposed that this new infrastructure be established near the Isabella-McCays complex. In order to 
facilitate the transportation of the mined sulphide ore from Bubi Mine to the new processing plant, a new 
approximately 30 km haul road would also need to be established. 

Other new infrastructure associated with the proposed project would include: 

• Waste rock dumps; 

• New airstrip; 

• Limestone quarry; and  

• Associated facilities at the proposed processing plant (including a road network, offices, housing, 
power and water reticulation and other amenities).   

The planned establishment of some of the proposed infrastructure would also necessitate the diversion of an 
existing public road and powerline.  
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1.2 OBJECTIVE 

The objectives of the study were to: 

• Understand the baseline soil conditions;  

• Provide a detailed description of the baseline and pre-mining soil characteristics, land capability and 
land use; 

• Evaluate the potential soil impacts of the proposed project; and 

• Describe and evaluate any other limiting characteristics of the soils. 

 

1.3 SCOPE 

The proposed scope of work to achieve the proposed terms of reference is to: 

• Conduct a desktop study of the soil, parent materials, landforms and climate of the study area; 

• Conduct field work to: 

o Produce a soil map of the study area; 

o Produce a representative soil sample set for laboratory analysis; and  

o Develop an understanding of the baseline soil conditions; 

• Provide a detailed report on the baseline morphological, physical and chemical soil characteristics as 
well as the land capability, pre-development land use and agricultural potential; and 

• Assess the potential impacts of the project components on the soil and soil-water environment and to 
propose mitigation measures. 

SLR Consulting (Africa) (Pty) Ltd with assistance from Pedoplan International Consultants (Pedoplan) conducted 
a soil specialist investigation of areas identified for the proposed project components. Pedoplan conducted the 
fieldwork used by SLR to compile the soil specialist study report. The study covered the haulage road between 
the Isabella-McCays Complex and Bubi mine and an area west of Isabella, earmarked for the plant area, the 
tailings facility and the return water dam. 
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 METHODOLOGY 

2.1 DESKTOP ASSESSMENT 

Relevant and accessible information on the soils, parent materials, landforms, climate, soil classification, land 
capability and agricultural potential of the proposed project area and surrounds were assembled and assessed.  

Aided by Google earth imagery and shapefiles showing the spatial extent of the project components, the 
coordinates of data points to be visited during fieldwork were determined and uploaded onto a GPS. A total of 
75 data points, spaced 350 m apart, were identified along the preferred alignment (Figure 1-1, Road Option 1) 
of the access road of 30 km. A set of hard copy field maps were produced, with the intended data points 
superimposed on Google earth imagery. 

2.2 FIELD INVESTIGATION   

Pedoplan conducted a site visit during October 2018. The haulage road route was investigated on foot. At each 
of the predetermined data points, the soil was exposed by means of a hand auger and described in a standard 
manner. The coordinates were recorded. Twelve representative samples were taken. Pedoplan used existing 
profile pits at the Isabella site. 

A reconnaissance field survey was conducted to delineate (into map units) and document the land use, natural 
resources climate, terrain form and soil type of the project area. Where the topography was undulating, the 
soils were mapped along transects from hilltops to the valley bottom positions. The locations of the transect 
walks were set out during the desktop assessment of the aerial imagery for the site. In areas that were flat, the 
soil observations were conducted according to a grid system. The soil variability was assessed by augering to a 
depth of 120 cm or deeper, unless prevented by impenetrable material or excessive wetness. Observable soil 
characteristics such as colour, texture, soil depth, stoniness, drainage class and parent material were logged. At 
each observation point, the relevant and distinct features were also recorded such as signs of erosion, 
vegetation cover, micro-topography, aspect and fauna.   

2.3 LABORATORY ANALYSIS 

Samples were dispatched to Zimlab in Harare for sample preparation and the analyses listed in Table 2-1. 

Table 2-1: Laboratory Analysis requested for soil samples 

Analysis Relevance 

Particle size distribution: Silt and clay by hydrometer with dispersion agents; sand 
by subtraction 

Soil texture  

pH: 0.5M CaCl2  Soil fertility  

Phosphorus: Resin extraction (Dowex 21k)  Soil fertility – estimation of available P  

Exchangeable cations: Extraction with 1M ammonium acetate at pH 7  Soil fertility – estimation of cation balance; 
sodicity 

Extractable acidity: Extraction with 1M potassium chloride (KCl) Soil fertility – estimation of base status 

Organic carbon: Walkley Black Soil fertility 

Total soluble solids: Electrode  Estimation of soil salinity 

Nitrate (NO3): Spectrophotometric Soil fertility 

Copper, Zinc, Iron and Manganese (Cu, Zn, Fe, Mn): EDTA 9.1M extraction pH 7 Soil baseline concentrations 

Aqua Regia digestion with Inductive Coupled Plasma (ICP) scan  Establish baseline trace metal concentration 
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2.4 CLASSIFICATION AND MAPPING 

To develop a detailed reconnaissance soil map of the proposed project area and to assess some of the key soil 
attributes, the following steps were taken:  

• Soil observations were made at observation sites as described in Section 2.2; 

• Codes for key soil parameters were assigned to each soil observation point;  

• The codes were subsequently uploaded onto Google Earth. Hard copy mosaics were made from the 
Google Earth images; and 

• Soil boundaries were drawn to demarcate areas with similar classification codes (in cognisance with 
the background image, geology and landform). 

The soils were based on the system in use in Zimbabwe, as outlined by Nyamapfene (1991). 
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 LIMITATIONS AND ASSUMPTIONS 

Limitations include: 

• The study included a limited amount of smaples affecting the resolution of soil features identified; 

• Lack of roads; 

• Change in proposed access route after completion of fieldwork; and 

• Encroacher bush thickets in places, seriously hampering movement on foot, as well as visibility. 

 

The following are assumed:  

• The detailed reconnaissance scale of the investigation would prove sufficient for the purpose of 
establishing a soils baseline against which to assess project impacts; 

• The validity of interpolation between data points as long as terrain features, parent material, vegetal 
signature and climate remains spatially unchanged; and 

• Scientific description, laboratory analysis and soil classification, through knowledge of covariation 
between soil properties, allows statements about properties that were not actually measured, as long 
as certain covariant key properties had been determined. Examples include:  

o The covariance of soil depth as a component of water holding capacity and a component of 
water erodibility;  

o Soil colour, covariant with internal drainage and wetness;  

o Soil clay and silt content, covariant with the matric potential component of water holding 
capacity;  

o Exchangeable cations, covariant with base status and natural fertility;  

o Soil pH, covariant with micronutrient availability; and 

o Cation exchange capacity, covariant with soil clay mineralogy. 
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 LEGAL FRAMEWORK 

4.1 APPLICABLE LAWS AND POLICIES 

The Zimbabwean legislative framework for environmental impact assessment does not deal explicitly with soil 
issues as an environmental component but views them as integral to it, as in the following definition of the 
environment:  

• ‘‘the natural and man-made resources, both biotic and abiotic, occurring in the lithosphere and 
atmosphere, water, soil, minerals and living organisms whether indigenous or exotic, and the 
interaction between them; 

• Ecosystems, habitats, spatial surroundings and their constituent parts whether natural or modified or 
constructed by people and communities, including urbanised areas, agricultural areas, rural 
landscapes, and places of cultural significance; and 

• The economic, social, cultural or aesthetic conditions and qualities that contribute to the value of the 
matters set out in (the) points above”.  

The requirements and pathways of EIA in Zimbabwe are outlined below.  

4.1.1 The Constitution of Zimbabwe 

Article 73 of the Constitution of Zimbabwe (constituteproject.org, 2018) deals with the requirement to 
conserve the environment for present and future generations. 

4.1.2 Chapter 20:27 Environmental Management Act of 2002 (Environmental Impact Assessment 
and Ecosystems Protection, EMA) and Regulations of 2007 

Projects that may or may not require an Environmental Impact Assessment (EIA) (exemption is possible) 
include those dealing with mineral prospecting, mining and quarrying, ore processing and concentrating, 
smelters other than iron and steel, industrial sites for medium and heavy industries, waste treatment and 
disposal, and water withdrawals from rivers or reservoirs. Procedural requirements and fees are dealt with at 
length (Government of Zimbabwe, 2002). 

4.1.3 SADC Environmental Legislation Handbook 2012 

Chapter 16 explains the situation with respect to EIA in Zimbabwe in terms of the following: institutional and 
administrative structure; policy and legal framework; procedural framework, and useful contacts (Development 
Bank of South Africa, 2012). 
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 DESCRIPTION OF SELECTED COMPONENTS OF THE PHYSICAL ENVIRONMENT 

5.1 CLIMATE 

Ten years of monthly pan evaporation (Epan) measurements for Bulawayo Goertz weather station were 
provided by the MSD-Z. Daily and monthly rainfall were obtained from the Nkayi station from the 
Meteorological Service Department of Zimbabwe (MSD-Z) for 38 hydrological years (from 1980 to June 2018) 
and were analysed to understand the long term monthly averages, minimum and maximum monthly rainfall. 
Table 5-1 presents the monthly minimum, maximum and average rainfall recorded at Nkayi. The mean annual 
precipitation (MAP) is 657.0mm, (SLR, 2018).  The Epan mean annual evaporation for the Bulawayo Goertz 
weather station is 1989 mm/a. Reference evapotranspiration (ETo) is representative of evaporation from a 
large water body such as a pond or lake. The calculated mean annual ETo was 1475 mm/a.  

Table 5-1: Average Monthly Rainfall and variation at Nkayi 

 Month  Minimum (mm) Maximum (mm) Average (mm) 

Jan 24.9 394.7 162.9 

Feb 9.5 272.6 115.2 

Mar 0.0 184.1 76.2 

Apr 0.0 116.4 29.2 

May 0.0 46.0 3.8 

June 0.0 12.2 1.2 

Jul 0.0 3.8 0.3 

Aug 0.0 4.8 0.2 

Sep 0.0 18.0 3.0 

Oct 0.0 103.4 27.0 

Nov 5.9 208.4 94.6 

Dec 27.6 299.7 143.6 

Total  391.3 1 005.3 657.0 

Table 5-2: Evaporation data for the Project Site (SLR, 2018) 

Month  Epan mm/mon ETo mm/mon 

Jan 171.3 128.5 

Feb 147.3 110.5 

Mar 151.5 113.6 

Apr 133.2 99.9 

May 131.0 89.3 

June 119.8 81.7 

Jul 127.1 95.3 

Aug 179.4 134.5 

Sep 211.0 158.2 

Oct 238.0 178.5 
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Month  Epan mm/mon ETo mm/mon 

Nov 201.4 151.1 

Dec 178.1 133.5 

Total 1 989.0 1 474.7 

 

5.2 GEOLOGY 

5.2.1 Regional Geology 

The host rocks of the Zimbabwe Craton host the majority of Zimbabwe’s known gold mineralisation. The 
Archaean basement of the Zimbabwe Craton consists of supracrustal greenstone belts, with the majority of 
Zimbabwe’s known gold mineralisation occurring within these greenstone belts (Minxcon, 2017).   

The current operations are located within the Bubi Greenstone Belt, which is an asymmetric, synclinorial 
structure transacted by anastomising shear and deformation zones. The Bubi Greenstone Belt comprises a 
succession of tightly folded metavolcanic and metasedimentary rocks flanked by tonalitic and granodioritic 
gneisses and is affected by four distinct deformation zones (Minxcon, 2017).   

The Bubi Greenstone Belt has been subdivided into three main stratigraphic units (Minxcon, 2017): 

• The Sebakwian Group (approximately 3.5 gigaannum (Ga)), which are mostly metamorphosed to 
amphibolite facies. They comprise komatiitic and basaltic volcanic rocks, some banded iron formations 
(BIF), as well as clastic sediments; 

• The Lower Bulawayan Group (approximately 3.1 Ga to 2.9 Ga), which comprises basalts, high-Mg 
basalts, felsic volcanic rocks and mixed chemical and clastic sediments; and 

• The Upper Bulawayan (approximately 2.7 Ga) consists dominantly of meta-basalts with a basal unit of 
metasediments, including BIF’s, and komatiites overlain by a further sequence of clastic meta-
sediments. 

The Bubi Greenstone Belt is affected by four distinct deformation zones, of which the Gabriella-Mulungwane 
and the Northwest Bubi Shear Systems are known to impact the Bubi and Isabella-McCays operations, 
respectively. 

 

5.2.2 Local Geology 

The Isabella, McCays and Bubi orebodies display very similar styles of hydrothermal alteration and 
mineralisation within broad shear zones. Some veining and quartz stockworks are evident, associated with 
disseminated pyrite as the dominant sulphide, with minor arsenopyrite which makes the material refractory. 
The sulphide tends to weather readily and all of the deposits are covered by oxide caps to a depth of 15 m to 
50 m which are readily amenable to heap-leach extraction (Minxcon, 2017). It is these oxide caps that have 
been mined by the operations to date. 

Generally, foliation dips steeply to the north-northeast and south-east. Mineralisation is interpreted to trend in 
a northeast-south-westerly direction and exhibits a pinch and swell geometry and the dominant alteration 
forms are carbonation, silicification and near-surface limonitisation (Minxcon, 2017). 

For Isabella-McCays, the area is underlain by the following lithologies (Minxcon, 2017): 
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• Bembesi River Formation (in the northern half) which expresses itself as metavolcanics consisting of 
basalts, andesites, dacites and rhyodacites, with intermittent bands of BIF, jasperlite and chert and 
these lithologies generally form a competent footwall.  

• Dagmar Formation (in the southern half) which primarily consists of metasediments such as calcareous 
grit, arkose and phyllite, with intermittent bands of BIF and crystalline limestone. The metasediments 
tend to be less competent than the metavolcanic lithologies resulting in typically less competent 
hanging wall conditions. 

The local geology of the Isabella and McCays operations is transacted by the Calcite Shear Zone close to the 
metavolcanic/metasediment contact. Smaller-scale, later faults cross-cut the shear zone, resulting in smaller 
blocks of ore which are not easy to follow on strike. This results in the need for near-mine exploration directly 
ahead of the advancing mining face at all times (Minxcon, 2017). 

The Bubi operations area is underlain by metavolcanic basalts, andesites, dacites and rhyodacites belonging to 
the Zwankendaba Formation and the younger Dollar Block formations. The Zwankendaba Formation has 
intermittent BIFs grading into shales in its local make-up and it is these areas that have undergone the most 
shearing in a northeast-southwest direction, and therefore these are the most important host lithologies in the 
area (Minxcon, 2017). 

Orebody widths at Isabella Mine range from 5 m to 20 m and are wider near surface. The oxide cap is deepest 
at Isabella Mine where the range is 12 m to 40 m with an average of 24 m. The oxide-sulphide interface at Bubi 
Mine is shallow in the southwest at about 10 m to 12 m below surface and increases to 30 m in the central 
parts and to 20 m in the northeast. Orebody widths at Bubi vary from 10m in the southwest to as wide as 100 
m in the central portions of the claims. The overall mineralised strike is in excess of 4 000 m (Minxcon, 2017). 

5.3 TOPOGRAPHY 

The study area is situated on the Zimbabwean plateau (also termed the middle veld), immediately to the west 
of what is termed the higher central plateau (also termed the high veld, Figure 5-1). The higher central plateau 
constitutes the recently uplifted watershed between the Zambezi and Limpopo river systems.  

Locally the terrain takes the form of a relatively level to slightly undulating plain on the upland between the 
rivers, bordered by the Bembezi River in the south and the Bubi River in the north. Both rivers drain northwest 
to the Zambezi. In the study area, the altitude ranges from 1155 m at the Isabella mine in the southwest to 
1216 m and drops slightly to 1200 m at the Bubi mine in the north-northeast near the Bubi River (Figure 5-2). 
Slopes rarely exceed two or three percent. 
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Figure 5-1: Location of the study area in relation to altitude zones (Shading denotes Highveld areas) 

 

   

(a)             (b) 

Figure 5-2: (a) Digital terrain model (Source: https://en.wikipedia.org/); (b) Digital terrain model with very 
large vertical exaggeration (Schmeling, undated) 

 

A peculiar feature of parts of the terrain is the occurrence of sizeable areas observed to be undergoing surface 
and rill erosion (despite almost level slopes), resulting in dendritic patterns (Figure 5-3). However, an erosion 
hazard map (SADCC, undated, Figure 5-4), depicts the area as falling in the second lowest hazard category out 
of five.  
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Figure 5-3: Soil erosion patterns 

 

 

Figure 5-4: Erosion hazard (SADCC, undated) 

  

Location 
of study 

area 



Bilboes Holdings (Pty) Ltd  SLR Project No: 710.04026.00035 
Environmental And Social Impact Assessment - Soil Impact Assessment   March 2019 

 

 

 Page 23  

 

 SOILS 

6.1 EXISTING SOIL INFORMATION  

6.1.1 Soil Map of Africa (D’Hoore, 1964) 

The first known attempt at formally classifying the soils of Zimbabwe was during the development of the Soil 
Map of Africa (D’Hoore, 1964). National soil scientists, also from Zimbabwe, presented their best available data 
and cooperated with international commissions in working toward a formal, all African, soil classification 
system. It was brought to completion in 1964. Although the latter has since evolved into the Food and 
Agricultural Organization (FAO) and World Reference Base (WRB) classification systems (FAO-Unesco, 1977 and 
IUSS Working Group WRB, 2014, respectively) this monumental work provided a scientific framework for soil 
investigations at the time. Depicting the newly defined soil classes on a map (1:5 million scale) were hampered, 
however, by limitations of data availability and the small scale. The soils of the study area were indicated as 
Ferruginous Tropical Soils (undifferentiated) in association with Vertisols and similar soils derived from rocks 
rich in ferromagnesian minerals (D’Hoore, 1964). The former largely corresponds with what was found during 
this study. The latter were encountered only in lowlands of the Bubi area. 

6.1.2 Soils of Rhodesia (Thompson, 1965) 

The soil map from Thompson’s PhD thesis focusses on the soil types of Zimbabwe and their classification. This 
work largely reflects the terminologies introduced by the Soil Map of Africa, but rearranged the groups and 
subgroups. The map indicates Fersiallitic Group soils in the study area except for the Bubi area, where Siallitic 
Group soils are indicated. The Fersiallitic Group was described as follows: “Soils with appreciable reserves of 
weatherable minerals; base saturation over 40%, usually between 60 and 80%; clay fractions contain some 2:1 
minerals. The relevant subgroup is described as “Moderately shallow to moderately deep, reddish-brown to 
greyish-brown, relatively silty clay loams over reddish-brown to yellowish-brown similar clays; formed on 
argillaceous sediments”. The Siallitic Group is described as: “Soils in which the clay fractions are predominantly 
illite or illite-montmorilonoid mixed minerals”. The relevant subgroup is described as: “Shallow to moderately 
shallow brown or reddish-brown clays; formed on basic rocks”. Applicable results of this work match the 
situation in the study area. 

6.1.3 The Soils of Zimbabwe (Nyamapfene, 1991) 

This booklet of Nyamapfene builds on the work of Thompson and modernises the classification as shown in 
Table 6-3. Within the groups, families are differentiated as required. Each group is discussed in terms of 
general description and characteristics, genesis and criteria for classification. Some of the criteria applying to 
the study area include the following:  

• The maximum depth of soils of the Lithosol Group is 25 cm or less;  

• Regosols have less than 10 percent clay plus silt in the upper 2 m;  

• The Fersiallitic Group is dominated by kaolinite in the clay fraction, but covers wide ranges in terms of 
soil depth, luvic properties, leaching status and cation exchange capacity.  

This work is highlighted because it appears to take the form of an official soil classification system for 
Zimbabwe. 
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Table 6-1: Simplified outline of the soil classification system of Zimbabwe (Nyamapfene, 1991) 

Order Group 

I 
Amorphic 
Soils with very feeble development of genetic horizons 

1. Regosol (Deep sands) 

2. Lithosol (Extremely shallow soils) 

II 

Calcimorphic 

Unleached soils, generally with large reserves of weatherable 
minerals; high base saturation; clay fractions predominantly active 

3. Vertisol (Very active clay) 

4. Siallitic (Active clay) 

III 

Kaolinitic 

Moderately to strongly leached soils; clay fractions mainly inert 
together with appreciable amounts of free sesquioxides of iron and 
aluminium 

5. Fersiallitic (Mixed clay) 

6. Paraferallitic (Inert clay) 

7. Orthoferrallitic (Very inert clay) 

IV 

Natric 

Soils which the morphology of the profile is attributable to the 
presence of significant amounts of exchangeable sodium 

8. Sodic 

6.1.4 Other Information Sources 

Other information sources include the FAO-Unesco Soil Map of the World, Vol. VI, Africa (1977), and the Soil 
Atlas of Africa (Jones et al., 2013). Apart from presenting the soil classification in different ways, these 
publications offer no improvement regarding the spatial data, descriptions or relevant interpretations. 

6.2 FIELD STUDY 

6.2.1 Soil Types 

The soil types of the project area are summarised in Table 6-2 and shown in Figure 6-1. Figure 6-2 shows the 
soil groups of the project area.  

Table 6-2: Soils of the project area 

MAP 
UNIT 

SOIL DESCRIPTION LANDFORM AREA  
(hectare) 

FERSIALLITIC SOILS 

A Moderately deep(1) red or red-brown, luvic, weak blocky, sandy clay loam 
on weathered rock 

Level to gently soping plains 
137 

B1 Shallow red-brown, luvic, weak blocky, sandy clay loam predominantly on 
weathered metasediments  

222 

B2 As for B1 but predominantly on metavolcanics 45 

B As for B1 but on undifferentiated parent materials 74 

C Shallow or moderately deep, imperfectly drained, yellowish grey-brown, 
apedal, sandy loam or loamy sand on hard or weathered rock with hard 
plinthite in places 

22 

SIALLITIC SOILS 

D Deep or moderately deep dark red-brown, luvic, weak to moderate 
blocky sandy clay loam or sandy clay 

Level to moderately sloping riparian 
areas or level alluvial plains 

118 

E Shallow or moderately deep, grey-brown or red-brown, strongly luvic, 
moderate to strong blocky, sandy clay loam or sandy clay on weathered 
or hard rock 

Level to gently sloping, weakly 
developed, drainage depressions 10w7 

F Shallow or moderately deep, dark grey-brown or dark red-brown,  
moderate to strong blocky, sandy clay on weathered or hard rock 

8 

LITHOSOLS 
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MAP 
UNIT 

SOIL DESCRIPTION LANDFORM AREA  
(hectare) 

G Very shallow brown, red-brown or grey-brown, massive or weak blocky, 
gravelly sandy loam or sandy clay loam on hard rock; with rock outcrops 

Localised knolls or  gentle midslopes 
53 

 (1) Soil depth classes: Deep: 1 m or more; Moderately deep: 61-100 cm; Shallow: 26-60 cm; Very shallow: 25 cm or less 
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Figure 6-1: Soil Map based on soil units 
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Figure 6-2: Soil Map based on soil groups 
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6.2.2 Soil Morphological and Physical Characteristics 

Fersiallitic Soils (Map Units A – C) 

Fersiallitic soils are the most widespread soils in southern Africa, being commonplace under moderate 
weathering and leaching regimes and on parent materials with low to moderate clay forming potential. They 
generally derive from silicic to andesitic parent materials and develop (or inherit) non-calcareous, low activity 
clays. In the study area they are all characterised by a reddish, reddish-brown, greyish-brown or yellowish-red 
colour, weak or moderate blocky structure (the latter in the dry state only), loamy sand, sandy loam, sandy clay 
loam or sandy clay textures, absence of free carbonates, a friable or slightly sticky consistency and mostly good 
drainage. If of sufficient depth, they are highly valued as agricultural soils. 

Thompson (1965) described the mineralogy of the Fersiallitic soils of Zimbabwe as follows: ”The clay minerals 
consist predominantly of kaolinite but, in addition, some minerals of the 2:1 lattice type are always present. 
These latter comprise mainly illite and illite-montmorillonoid mixed layer minerals. Some reserves or 
weatherable minerals are present and they may be appreciable in some soils” 

The Fersiallitic map units of the study area differ physically from each other as follows: 

• The moderately deep pedons of map unit A occur on the level, upland (rather than bottomland) 
positions in the landscape, are relatively free of stones and rock outcrops and tend to be relatively 
uniform in colour, texture and structure compared to their shallower counterparts of map unit B.  

• The pedons of map unit B are shallow and relatively variable with respect to stone content, rock 
outcrop, texture and structure. They are mostly red-brown or grey-brown in colour.  

• Where parent materials are mixed, these soils were mapped as the undifferentiated map unit B.  

• Those associated with dark schists and altered andesites (soil map unit B2) tend to be redder, better 
structured and better aggregated than those associated with metasediments (soil map unit B1).  

• Map unit C contains moderately deep, greyish-red or greyish yellow-brown loamy sands or sandy loams 
on metasediments. The degree of seasonal wetness could not be assessed, apart from the fact that 
material with mottled morphology (indicative of seasonal wetness) underlies the sola in places. No 
mottles were observed within the sola. 

• Fersiallitic as a taxon has been superseded in FAO/WRB soil classification frameworks, largely by 
Luvisols and Cambisols. Relatively weakly developed pedons are now classified as Cambisols and those 
with a marked clay increase from A to B horizons, as Luvisols. In the 1991 South African Soil 
Classification system, Fersiallitic soils had been classified into the non-hydric, apedal or weakly 
structured soil forms, including Hutton, Clovelly or Oakleaf. 

 

Siallitic Soils (Map Units D – F) 

The central concept of the siallitic group of soils is described as “unleached soils, generally with large reserves 
of weatherable minerals, high base saturation and predominantly active clay fractions” (Table 6-2). In the study 
area these concepts are embodied in the moderate (in the moist state) or strong blocky (moist and dry state) 
soils. Different types were mapped as follows: 

• Map unit D comprises deep or moderately deep, moderate or strong blocky, dark red-brown alluvial 
soils. 

• Map unit E comprises shallow or moderately deep, red-brown or grey-brown para-duplex soils with 
thin, weak blocky, sandy clay loam A horizons over thin, moderate or strong blocky sandy clay B 
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horizons, tonguing into weathered or hard rock. These are associated with slight depressions in the 
landscape. 

• Map unit F, associated with stream areas in ferromagnesic rock areas, comprises shallow or 
moderately deep, dark coloured, moderate to strong blocky, sandy clay on weathered or hard rock. 

• The non-vertic Siallitic soils are not as yet catered for in a satisfactory manner in the WRB framework. 
In the South African soil classification system of 1991, the soils of map unit D are classified into the 
Valsrivier soil form, those of map unit D into the Swartland soil form and those of map unit F into the 
Bonhein soil form. 

 

Lithosols (Map Unit G) 

Map unit G was intended to accommodate the mappable occurrences of soils that are 25 cm deep or 
shallower. This was not entirely successful, however, due to the many small isolated occurrences that could not 
be delineated at the semi-detailed scale. Lithosols are thus a minor component of most map units.  To make a 
satisfactory assessment of the percentage of Lithosols in the other map units proved too time-consuming to 
carry out for the purpose of this study. Suffice to state that Lithosols probably do not constitute more than 10% 
of the other map units.  

A complicating factor in the assessment of Lithosols in the study area is the phenomenon of loose rock 
overlying weathered rock. To determine what constitutes bedrock and what constitutes loose rock likewise 
proved to be too time-consuming for the purpose of this study. This phenomenon does complicate the 
accurate assessment of the soil depth and the effective depth for field crops. While roots of grasses and 
browsing plants can find a way to utilise water and nutrients from cracks in the weathered rock to a degree, 
crop farming is definitely precluded (see 6.2.4). Due to its very nature, the Lithosols imply much un-quantified 
variation in terms of the type of rock, soil colour, texture and structure. 

Lithosols are classified as Leptosols in the WRB framework and into the Mispah or Glenrosa soil forms in the 
South African system. 

 

6.2.3 Soil Chemical Properties 

The soil sample set and coordinates of sampled sites are shown in Table 6-3. Analytical data considered useful 
in characterising the soils pedologically are shown in Table 6-4. Table 6-5 shows selected nutrient ratios from 
the analytical data relative to available norms (FSSA, 2007). Table 6-6 contains what may be considered 
background or baseline data for selected elements. Selected risk-based screening values are also shown to 
provide context and to illustrate how local background values may exceed generalised screening values.  

Base status 

The soils are well supplied with bases. The analyses indicate base saturation values of around 75%. This 
corresponds to pH values (as determined in 0.5M CaCl2 and converted to pHwater, using the method proposed by 
Minasny, et al., 2011), indicating slightly or very slightly acid conditions (pHwater values of 6.6 to 6.7). 

Salinity and sodicity status 

Both the analytical data and the observed physical soil properties indicate a non-saline environment. ECe values 
(as derived from total soluble salts) are below 50 mS per metre (Table 6-4). Likewise, the sodium levels are low. 
In the classic classification of Richards (1954) the area can be typified as C1-S1, having low salinity and low 
sodicity.  

Phosphorus status 
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Phosphorus was determined by an anion resin method. Although this method is reported to represent plant 
available P very well (e.g. Kleinman et al., 2001 and Hill Laboratories, undated), norms could not be located.  If 
the values of around 9 to 12 mg P as P2O5 per kg soil (Table 6-4) do in fact represent plant available P, the area 
appears to be moderately well supplied with the nutrient. 

Cation ratios 

Although potassium levels do not appear to be low in absolute terms (Table 6-4), they are low relative to 
calcium and magnesium in combination, and decidedly low relative to magnesium.  

Relatively high exchangeable magnesium levels are present. These can be expected to play a negative role in 
soil aggregate stability. This aspect of magnesium is one of the factors causing surface crusting, slow 
permeability, water runoff and soil erosion (Table 6-4). 

Micronutrients 

Under the near-neutral pH conditions of the area, the availability of micro nutrients are optimal.  The values 
that were determined (Table 6-5) were adequate without being dangerously high if compared to screening 
levels. Molybdenum was not determined. 

Baseline levels of selected elements 

Table 6-7 shows aqua regia extractable levels of a number of potentially polluting elements. To provide 
perspective, a number of risk-based screening levels with respect to traditional settlements with food gardens 
are also shown. It is shown that for most elements the range is wide between sampling points and in some 
cases deviations from published screening levels are large. These point to the youthfulness of the 
predominantly shallow soils and the strong role played by geology. (The latter is the reason for the continued 
emphasis in the local soil classification system on geology long after other systems moved away from it). 

The values in the table are probably a good approximation, within the specific area, of natural baseline levels 
for the listed elements. Importantly, it is shown that none of these elements, arsenic excepted, appear 
sufficiently high to impact on land use. Elevated arsenic values can potentially be attributed to the natural 
geology of the area.  

Table 6-3: Soil sample set and site coordinates 

Sample No. Sampling depth (cm) Map unit Coordinates 

Degree S Degree E 

F02B 10-40 E 19.44382 28.55356 

F05B 10-30 B 19.43405 28.55798 

F09B 20-40 A 19.42300 28.56413 

F13B 30-60 D 19.41338 28.57549 

F29A 20-40 E 19.38395 28.62083 

F29B 40-80 

F43B 15-30 B 19.36316 28.66068 

F50A 0-10 G 19.34518 28.67647 

F54B 70-100 D 19.33734 28.68636 

F66B 30-50 D 19.32741 28.72564 

F71B 20-40 E 19.31930 28.74059 

F74B 10-30 B 19.31684 28.75035 
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Table 6-4: Analytical data – Chemical and soil fertility properties 

Sample 
No. 

Particle size (%) Texture 
class 

Org. 
C 
(%) 
 

pH 
(0.5M 
CaCl2) 
 

Exchangeable (#) 
cations (cmol/kg) 

Exch. 
bases 

Approx. 
ESP 

Echange-
able 
acidity 
(cmol.kg-1) 

Approx. 
CEC 
(cmolc.kg-

1) 

Appox. 
Base 
satura-
tion (%) 

P 
as 
P2O5 
(mg.kg-
1) 

Tot. 
soluble 
salts 
(mg.kg-
1) 

Approx 
ECe 
(##) 
(mS/m) 

Sand Silt Clay Ca Mg K Na 

Fersiallitic soils 

F05B 75 6 19 SaLm nd nd nd nd nd nd nd nd 4.0 nd nd nd nd nd 

F09B 55 17 28 SaClLm nd nd nd nd nd nd nd nd 1.5 nd nd nd nd nd 

F43B 63 15 22 SaClLm nd nd nd nd nd nd nd nd 4.0 nd nd nd nd nd 

F74B 64 13 23 SaClLm 0.7 5.7 6.75 3.58 0.50 0.20 11.0 0.02 3.0 14.0 78.0 12.4 282 44 

Ave. 64±8 13±5 23±4 SaClLm nd nd nd nd nd nd nd nd 3.1±1.2 nd nd nd nd nd 

Siallitic soils 

F02B 55 14 31 SaClLm nd nd nd nd nd nd nd nd 3.0 nd nd nd nd nd 

F13B 58 15 17 SaLm nd nd nd nd nd nd nd nd 5.5 nd nd nd nd nd 

F29B1 69 9 22 SaClLm nd nd nd nd nd nd nd nd 3.0 nd nd nd nd nd 

F29B2 51 10 39 SaCl nd nd nd nd nd nd nd nd 3.0 nd nd nd nd nd 

F54B 65 11 25 SaClLm nd nd nd nd nd nd nd nd 2.5 nd nd nd nd nd 

F71B 56 18 26 SaClLm 0.8 5.9 8.38 4.65 0.41 0.22 13.7 0.03 2.5 16.2 84.6 8.8 275 44 

Ave. 61 17 23 SaClLm nd nd nd nd nd nd nd nd 3.3±1.1 nd nd nd nd nd 

#After Aboukila & Abdelaty (2017); nd: not determined 
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Table 6-5: Soil nutrient ratios 

Sample Extractable cations (cmol.kg-1) Cation ratios 

Ca Mg K Na Base sat. Acid sat. Ca/Mg Mg/K (Ca+Mg)/K 

Norm for 
"fertile soils" 

1.5-10 0.7-2.5 0.2-0.4 <1 70-95 5-30 1.5-4.5 3-4 10-20 

Fersiallitic soils 

F74B 6.8 3.6 0.5 0.2 nd nd 1.9 7.2 20.7 

Siallitic soils 

F71B 8.4 4.7 0.4 0.2 nd nd 1.8 11.3 31.8 

Table 6-6: Micro elements and anions 

Sample Micro nutrients 
(EDTA, 0.1m, pH 7 extraction; mg.kg-1) 

Anions# 

( mg.kg-1) 

Cu Zn Fe Mn Bo SO4
-- Cl- Nitrate N 

Screening levels 1100 (#) 
35 (&) 

9200 (##) 

40-50 ($) 

36 (&) 

None 740 (#) 
400-500 ($) 

None  

Fersiallitic soils 

F74B 10.4 6.0 144 333 2.8 24 8.5 5.9 

Siallitic soils 

F71B 7.9 1.9 137 273 2.8 99 7.5 3.8 
(#)SO4

--: Calcium phosphate extraction; Cl-:  not reported; Nitrate N:  Spectrophotometric; (##)SA Dept. Environmental Affairs (2010): 
Informal residential land use; ($)Typical background values in US soils (US-EPA, 2007a, 2007b); (&)UK Environment Agency (undated) 
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Table 6-7: Microelements and anions 

        Sample 
 
 

Element 

F02b F05B F09B F13B F29B1 F29 B2 F30B F43B F54B F66B F71B 

Risk based screening 
Levels 

(informal settlements with 
food gardens) 

As 263.2 191.2 108.4 91.4 74.2 87.4 82.2 357.0 101.6 71.4 35.2 23* ; 37#; 20$ 

Se <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 ng 

Pb 141.2 148.4 235.0 117.0 1322.4 313.0 187.0 206.8 79.2 74.4 37.8 110*; 200# 450$ 

Mo 20.2 192.2 9.2 2.8 <0.001 <0.001 <0.001 2.8 474.4 3.0 <0.001 ng 

Pd <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 ng 

Cd 3.6 4.4 0.2 5.6 1.8 3.0 2.00 7.2 3.6 <0.001 0.4 15* ; 22# 1-8$ 

Sb 1.1 0.3 0.4 0.1 0.2 0.1 0.1 0.2 0.2 1.2 0.2 ng 

Sr 172.0 180.8 201.2 106.2 252.2 240.8 183.6 119.0 153.4 162.6 197.6 ng 

Pt <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 ng 

Au <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 ng 

Ni 511.2 266.0 223.0 77.2 450.4 468.6 439.2 623.2 396.6 357.0 1043.4 620* ; 230# 

Co 323.0 182.6 344.2 243.2 72.2 243.2 207.4 218.0 262.2 197.8 272.6 300 

Cr <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 46* ; 130# 130$ 

* SA Dept. Environmental Affairs (2010): Informal residential land use; # ALS Environmental, 2017; $ US–EPA, undated. ng: No guideline 
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6.2.4 Derived Soil Properties 

Selected physical soil properties that are complex and impractical to measure on a routine basis were derived 
in a qualitative manner from soil survey data. These are referred to as derived soil properties (Table 6-8). The 
first five columns in Table 6-8 were determined, not derived, but are included to help to understand what 
follows in the table.  

The following are highlighted:  

• The soils have a considerable silt component. This fact became clear during fieldwork and is confirmed 
by laboratory analysis. The high silt content, together with exchangeable magnesium, increases the 
susceptibility of the soils to crusting, slow water infiltration and soil erosion. 

• Shallow soils dominate. Deeper soils occur in map units A, D and F, but these have a relatively limited 
spatial extent (Figure 6-1). 

• Al the soils, except those of map unit F, are well or moderately well drained. 

• Soil depth severely limits the profile available water holding capacity. Under high atmospheric demand, 
the arable soils of map unit A can supply water to the roots of crop plants for a maximum of eight or 
nine days. The dominant soils (map unit B) can supply plant available water for relatively shallow 
rooted crop plants for only five or six days. Thereafter hardy, adapted, strong-rooted, plants have to 
survive on the limited water which may be present in fissures in the underlying rock.   

• Inherently the soils, although non-sodic, are moderately susceptible to water erosion, compaction and 
surface crusting. With respect to the latter, It is well known that without effective plant cover, medium 
textured to clayey soils (particularly if silty and with high magnesium and/or sodium content) are 
susceptible to surface crusting and sealing following rainfall events. The clay and silt particles are 
dispersed under the impact of raindrops. When the water containing the dispersed particles drains into 
the soil, the particles are filtered onto the surface, becomes oriented in a platelike manner, and forms 
a hard crust. The crust, in turn, slows down water infiltration, prevents grass seedlings from emerging 
and propagates the vicious circle (Figure 6-3). Due to the dominantly kaolinitic and oxidic clay 
mineralogy of the Fersiallitic map units, these soils have insufficient ability (or “activity”) to rectify 
machine induced compaction. They are consequently regarded as susceptible to compaction. 

• Lastly, the soils contain sufficient fine material to become dusty if denuded and disturbed 

 

Figure 6-3: Incipient soil erosion in denuded and surface crusted areas 
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Table 6-8: Derived properties of the dominant soil in each map unit 

Map 
Unit 

Average 
Clay % 

Average 
Silt % 

Average 
coarse 

fragments 
(vol%) 

Average 
effective 

depth 
(cm) 

Estimated 
Final water 
infiltration 

rate (1) 
(mm/h) 

Internal 
drainage 
class (2) 

Water holding capacity(3) 
Suscep-

tibility to 
water 

erosion 

Suscep-
tibility to- 
compac-

tion 

Suscep-
tibility to 
surface 
crusting 

Potential for 
dustiness 

Field 
Capacity 

(DUL) 

Wilting 
point 

Plant 
avai-
lable 

PAW 
(mm) 

(4) 

mm m-1 

Fersiallitic soils 

A 21 10 2 60 10-12 Well drained 0.24 0.12 0.11 67 Low to 
moderate 

Moderate Moderate to 
high 

Moderate 

B1 18 14 5 40 8-10 Well drained 0.24 0.12 0.12 44 Moderate 
to high 

Moderate 
to high 

High Moderate 
To high 

B2 26 11 10 30 8-10 Well drained 0.26 0.14 0.12 32 Moderate Moderate Moderate to 
high 

Moderate 

B 23 13 5 40 8-10 Well drained 0.26 0.14 0.12 45 Moderate 
to high 

Moderate High Moderate 

C 10 7 5 40 15-20 Somewhat 
poorly drained 

0.17 0.07 0.10 36 Moderate 
to high 

Moderate 
to high 

High Moderate 

Siallitic soils 

D 23 11 2 65 8-12 Well drained 0.25 0.13 0.12 75 Moderate Moderate High Moderate 

E 28 14 10 40 5-10 Moderately 
well drained 

0.28 0.15 0.13 45 High Moderate High Low to 
Moderate 

F 32 17 5 80 4-8 Moderately 
well drained 

0.30 0.17 0.13 101 Moderate 
to high 

Moderate Moderate Low 

Lithosols 

G 28 15 25 20 5-10 Moderately 
well drained 

0.28 0.15 0.13 19 High Moderate High Moderate 

(1)After FAO (undated); FSSA (2007); USDA-SCS (201); (2)Univ. Connecticut (undated); (3)After Schultze et al. (1985); Hutson (1986); Van Antwerpen et al. (1994); (4)Adjusted for soil depth 
and coarse fragment content; Explanation of abbreviations: DUL: drained upper limit (field capacity); PAW: profile available water capacity; Explanation of abbreviations: FC: field 
capacity/drained upper limit (DUL); WP: wilting point; PAW: profile available water capacity 
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 LAND EVALUATION 

7.1 AGRO-AGRICULTURAL ZONING 

Zimbabwe is divided into five agro-ecological regions on the basis of the rainfall regime, soil properties and 
vegetation, among other factors. The quality of the land resource declines from Natural Region I through to V. 
The study area is situated in Region IV. The characteristics of this semi-extensive farming region are annual 
rainfall of 450-650 mm, severe dry spells during the rainy season, and frequent seasonal droughts. The rainfall is 
too low and uncertain for cash cropping except in certain very favourable localities where limited drought-
resistant crops can afford a sideline. The farming system, in accord with natural factors, should be based on 
livestock production, but it can be intensified to some extent by the growing of drought-resistant fodder crops 
(Zimbabwe Department of Conservation and Extension, 1984). Although the region is not really suitable for 
dryland cropping, smallholder farmers do grow drought-tolerant varieties of maize, sorghum, pearl millet and 
finger millet (FAO, 2006; Mugandani et al., 2012). 

7.2 LAND CAPABILITY 

In terms of the classic land capability system of Klingebiel and Montgomery (1961) for rainfed land use, the map 
units may be classified as shown in Table 7-1. Only map units A and D were considered marginally suited for 
rainfed crop production. All units are suited to extensive grazing. Figure 7-1 shows the land capability classes as 
defined in Table 7-1.  

Table 7-1: Land capability 

Map 
units 

Land capability 
class 

Class description 

A 

D 
IV 

Marginally arable land with very severe limitations that restrict the choice of plants and their 
yields; requires very careful management 

B1 

B2 

B 

C 

E 

F 

VI 
Land with severe limitations that render it generally unsuited to cultivation and limit its use 

largely to grazing, woodland or wildlife 

G VII 
Land with very severe limitations that render it unsuited to cultivation and that restrict its use 

to limited grazing, woodland or wildlife 
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Figure 7-1: Land Capability based on soil units 
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7.3 ARABLE AGRICULTURAL POTENTIAL 

Land capability refers to rainfed land use only. Agricultural potential also takes into account the suitability of the 
land for irrigation, should water be available. With modern technology (including ripping, ridging, microjet and 
drip water application) and considering the pressure on land for effective food production, the land of map units 
A and D are assessed as being moderately suitable for well-managed irrigation. In terms of the FAO (1985) system 
for rating the suitability of land for irrigation, depending on the availability of water of suitable quality, these map 
units may be rated as Class S2 (Moderately Suitable or displaying slightly to moderately limiting conditions), with 
areas of Class S3 (Marginally Suitable or displaying moderately limiting conditions). The old fields below the dam 
on Mazaiwana attest to this. The suitability of the land of map units B1, B2, B, C and F should probably be rated as 
Class N1 (Marginally Not Suitable or displaying moderately severe limiting conditions).  
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 IMPACT ASSESSMENT 

Based on the review of available data and on data collected during field work, the potential impacts that the 
planned developments can be expected to have on the soil environment have been identified (Table 8-1). The 
impact assessments are shown in  Table 8-1, Table 8-2 and Table 8-3. 

Table 8-1: Potential impacts on the soil and soil water environment 

Potential impact Activity 

Areas in the vicinity of 

Access road Plant area 
Tailings 
facility 

Water return 
dam 

C O C O C O C O 

Loss of grazing land Construction and operation of the 
access road and borrow pits 

x x x x x x x x 

Loss of arable land x x x x x x x x 

Dust generation Construction and operation of the 
access road, borrow pits and tailings 
facility; construction of plant facility and 
water return dam 

x x x  x x x  

Compaction Off-road vehicle and equipment 
movement 

x  x  x x x  

Soil erosion Construction and operation of the 
access road, borrow pits and tailings 
facility; construction of plant facility and 
water return dam 

x  x  x x x  

General soil pollution Construction and operation of the 
access road and borrow pits 

x x       

Heavy metal pollution 
(windborne 

Operation of the tailings facility      x   

Heavy metal pollution 
(waterborne) 

Operation of tailings facility, water 
return dam; leaks and spills 

   x  x  x 

Acidification     x  x  x 

Where: C = Construction phase and O = Operational phase 

8.1 METHODOLOGY 

Identified impacts were described in terms of the nature of the impact, compliance with legislation and accepted 
standards, receptor sensitivity and the significance of the predicted environmental change (before and after 
mitigation). Mitigation measures may be existing measures or additional measures that were identified through 
the impact assessment and associated specialist input. The impact rating system considers the confidence level 
that can be placed on the successful implementation of mitigation.   

The soil specialist study used the proposed standard convention for assessing the significance of impacts provided 
below. In assigning significance ratings to potential impacts before and after mitigation the approach presented 
below is to be followed. 

1. Determine the impact consequence rating: This is a function of the “intensity”, “duration” and “extent” of 
the impact. The consequence ratings for combinations of these three criteria are given below. 

2. Determine impact significance rating: The significance of an impact is a function of the consequence of the 
impact occurring and the probability of occurrence. Significance is determined using the table below. 
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3. Modify significance rating (if necessary): Significance ratings are based on largely professional judgement 
and transparent defined criteria.  In some instances, therefore, whilst the significance rating of potential 
impacts might be “low”, the importance of these impacts to local communities or individuals might be 
extremely high. The importance/value which interested and affected parties attach to impacts will be 
highlighted, and recommendations should be made as to ways of avoiding or minimising these perceived 
negative impacts through project design, selection of appropriate alternatives and / or management.  

4. Determine degree of confidence of the significance assessment: Once the significance of the impact has 
been determined, the degree of confidence in the assessment will be qualified.  Confidence in the 
prediction is associated with any uncertainties, for example, where information is insufficient to assess the 
impact.  
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Criteria for Impact Assessment 

The criteria for impact assessment are provided below. 

 

Criteria Rating Description 

Criteria for ranking of the 

INTENSITY (SEVERITY) of 

environmental impacts 

ZERO TO VERY 

LOW 

Negligible change, disturbance or nuisance.  The impact affects the 

environment in such a way that natural functions and processes are 

not affected.  People/communities are able to adapt with relative 

ease and maintain pre-impact livelihoods. 

LOW 

Minor (Slight) change, disturbance or nuisance.  The impact on the 

environment is not detectable or there is no perceptible change to 

people’s livelihood. 

MEDIUM 

Moderate change, disturbance or discomfort.  Where the affected 

environment is altered, but natural functions and processes continue, 

albeit in a modified way.  People/communities are able to adapt with 

some difficulty and maintain pre-impact livelihoods but only with a 

degree of support. 

HIGH 

Prominent change, disturbance or degradation. Where natural 

functions or processes are altered to the extent that they will 

temporarily or permanently cease.  Affected people/communities will 

not be able to adapt to changes or continue to maintain-pre impact 

livelihoods. 

Criteria for ranking the 

DURATION of impacts 

SHORT TERM < 5 years. 

MEDIUM TERM 5 to < 15 years. 

LONG TERM 
> 15 years, but where the impact will eventually cease either because 

of natural processes or by human intervention. 

PERMANENT 

Where mitigation either by natural processes or by human 

intervention will not occur in such a way or in such time span that the 

impact can be considered transient. 

Criteria for ranking the 

EXTENT / SPATIAL SCALE 

of impacts 

LOCAL 
Impact is confined to project or study area or part thereof, e.g. limited 

to the area of interest and its immediate surroundings. 

REGIONAL 
Impact is confined to the region, e.g. coast, basin, catchment, 

municipal region, etc. 

NATIONAL Impact is confined to the country as a whole, e.g. South Africa, etc. 

INTERNATIONAL 
Impact extends beyond the national scale. 

Criteria for determining 

the PROBABILITY of 

impacts 

IMPROBABLE 

Where the possibility of the impact to materialise is very low either 

because of design or historic experience, i.e. ≤ 30% chance of 

occurring. 

POSSIBLE 
Where there is a distinct possibility that the impact would occur, i.e. > 

30 to ≤ 60% chance of occurring. 

PROBABLE 
Where it is most likely that the impact would occur, i.e. > 60 to ≤ 80% 

chance of occurring. 

DEFINITE 
Where the impact would occur regardless of any prevention 

measures, i.e. > 80% chance of occurring. 
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Criteria Rating Description 

Criteria for determining 

the DEGREE OF 

CONFIDENCE of the 

assessment 

LOW ≤ 35% sure of impact prediction. 

MEDIUM > 35% and ≤ 70% sure of impact prediction. 

HIGH > 70% sure of impact prediction. 

Criteria for the DEGREE 

TO WHICH IMPACT CAN 

BE MITIGATED - the 

degree to which an impact 

can be reduced/enhanced 

NONE No change in impact after mitigation. 

VERY LOW 
Where the significance rating stays the same, but where mitigation 

will reduce the intensity of the impact. 

LOW Where the significance rating drops by one level, after mitigation. 

MEDIUM 
Where the significance rating drops by two to three levels, after 

mitigation. 

HIGH 
Where the significance rating drops by more than three levels, after 

mitigation. 

Criteria for LOSS OF 

RESOURCES - the degree 

to which a resource is 

permanently affected by 

the activity, i.e. the degree 

to which a resource is 

irreplaceable 

LOW 

Where the activity results in a loss of a particular resource but where 

the natural, cultural and social functions and processes are not 

affected. 

MEDIUM 
Where the loss of a resource occurs, but natural, cultural and social 

functions and processes continue, albeit in a modified way. 

HIGH 
Where the activity results in an irreplaceable loss of a resource.  

 

Determining Consequence 

Consequence attempts to evaluate the importance of a particular impact, and in doing so incorporates extent, 
duration and intensity.  The ratings and description for determining consequence are provided below. 

 

Rating Description 

VERY HIGH 

Impacts could be EITHER: 

 of high intensity at a regional level and endure in the long term; 

OR of high intensity at a national level in the medium term; 

OR of medium intensity at a national level in the long term. 

HIGH 

Impacts could be EITHER: 

 of high intensity at a regional level and endure in the medium term; 

OR  of high intensity at a national level in the short term; 

OR  of medium intensity at a national level in the medium term; 

OR  of low intensity at a national level in the long term; 

OR  of high intensity at a local level in the long term; 

OR  of medium intensity at a regional level in the long term. 

MEDIUM 

Impacts could be EITHER: 

 of high intensity at a local level and endure in the medium term; 

OR  of medium intensity at a regional level in the medium term; 

OR  of high intensity at a regional level in the short term; 

OR  of medium intensity at a national level in the short term; 

OR  of medium intensity at a local level in the long term; 

OR  of low intensity at a national level in the medium term; 

OR  of low intensity at a regional level in the long term. 
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Rating Description 

LOW 

Impacts could be EITHER 

 of low intensity at a regional level and endure in the medium term; 

OR  of low intensity at a national level in the short term; 

OR  of high intensity at a local level and endure in the short term; 

OR  of medium intensity at a regional level in the short term; 

OR  of low intensity at a local level in the long term; 

OR  of medium intensity at a local level and endure in the medium term. 

VERY LOW 

Impacts could be EITHER  

 of low intensity at a local level and endure in the medium term; 

OR  of low intensity at a regional level and endure in the short term; 

OR  of low to medium intensity at a local level and endure in the short term. 

OR  Zero to very low intensity with any combination of extent and duration.  

 

Determining Significance 

The consequence rating is considered together with the probability of occurrence in order to determine the 
overall significance using the table below. 

 

  PROBABILITY 

  IMPROBABLE POSSIBLE PROBABLE DEFINITE 

C
O

N
SE

Q
U

EN
C

E
 VERY LOW INSIGNIFICANT INSIGNIFICANT VERY LOW VERY LOW 

LOW VERY LOW VERY LOW LOW LOW 

MEDIUM LOW LOW MEDIUM MEDIUM 

HIGH MEDIUM MEDIUM HIGH HIGH 

VERY HIGH HIGH HIGH VERY HIGH VERY HIGH 

In certain cases, it may not be possible to determine the significance of an impact.  In these instances the 
significance is UNKNOWN. 
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8.2 POTENTIAL IMPACTS DURING THE CONSTRUCTION PHASE  

8.2.1 TSF, WRD and Plant Facility Area  

The potential impacts identified in the TSF, WRD and plant facility areas are summarised in Table 8-2. 

Table 8-2: Potential impacts on soil and soil-water resources during construction phase− proposed TSF, WRD 
and Plant facility areas 

POTENTIAL IMPACT UNMITIGATED SCENARIO MITIGATED SCENARIO 

Loss of grazing land Severity 
A small loss of grazing land will be a given  
Spatial Scale 
Limited to land required for facilities 
Duration 
Indefinite 

Mitigation measures and processes 
Avoid unnecessary land transformation from agriculture 
to industrial 
Severity 
Can be curtailed but not eliminated 
Spatial Scale 
Limited to land required for facilities 

Unmitigated assessment Mitigated assessment 

Severity: Low 
Spatial Scale: Low 
Duration: High 
Consequence: Low 
Probability: High 
Significance: Low 

Severity: Low 
Spatial Scale: Low 
Duration: High  
Consequence: Low 
Probability: High 
Significance: Low 

Dust generation 
 

Severity 
The dust that will be generated will not affect the soils 
substantially but will affect nearby vegetation (e.g. 
exposed vegetables, grass) to a degree 
Spatial Scale 
Areas around the construction sites 
Duration 
During earthworks 

Mitigation measures and processes 
During construction, dustiness can be prevented by 
water spraying  
Severity 
Low if dustiness is curtailed by periodic water spraying 
Spatial Scale 
Areas around the construction sites 
Duration 
During earthworks 

Unmitigated assessment Mitigated assessment 

Severity: Low 
Spatial Scale: Low 
Duration: Low 
Consequence: Low 
Probability: High 
Significance: Low 

Severity: Low 
Spatial Scale: Low 
Duration: Low 
Consequence: Low 
Probability: Low 
Significance: Low 

Soil erosion Severity 
Denudation and compaction of land during the 
construction phase may be expected to cause rainwater 
runoff, soil erosion and sedimentation. 
Spatial scale 
Construction area and surrounds 
Duration 
During earthworks and construction 

Mitigation measures and processes 
Prevent runoff water from concentrating in rills by 
constructing temporary or permanent runoff control 
measures 
Severity 
Not expected to be of major concern 
Spatial Scale 
Construction area and surrounds 
Duration 
During earthworks and construction 

Unmitigated assessment Mitigated assessment 

Severity: Low 
Spatial Scale: Low 
Duration: Low 
Consequence: Low 

Severity: Low 
Spatial Scale: Low 
Duration: Low  
Consequence: Low 
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POTENTIAL IMPACT UNMITIGATED SCENARIO MITIGATED SCENARIO 

Probability: Medium 
Significance: Low 

Probability: Low 
Significance: Low 

Soil pollution by 
hydrocarbons 

Severity 
The soil environment may be harmed by oil spills 
Spatial scale 
Land to be revegetated near construction area 
Duration 
During the construction phase 

Mitigation measures and processes 
Prevention of spills and making provision for the 
collection and dispatch of used oil 
Severity 
Not of major consequence 
Spatial Scale 
Land to be revegetated near construction area 
Duration 
During the construction phase 

Unmitigated assessment Mitigated assessment 

Severity: Low 
Spatial Scale: Low 
Duration: Low 
Consequence: Low 
Probability: Low 
Significance: Low 

Severity: Low 
Spatial Scale: Low 
Duration: Low 
Consequence: Low 
Probability: Low 
Significance: Low 

 

8.3 POTENTIAL IMPACTS DURING THE OPERATIONAL PHASE  

8.3.1 Access road 

The potential impacts due to the loss of grazing and arable land that commenced during the construction phase 
(Table 8-2) will continue during the construction phase and beyond. Potential impacts due to soil compaction will 
still be present during the operational phase, but the causes will come to an end. The danger of general soil 
pollution can be expected to come to an end. Two potential continuing impacts remain, however: dustiness and 
soil erosion (Table 8-3). 

Table 8-3: Potential impacts on soil and soil-water resources during operational phase − proposed access road 
area 

POTENTIAL IMPACT UNMITIGATED SCENARIO MITIGATED SCENARIO 

Dust generation Severity 
The dustiness that will start during the construction 
phase will continue during the operational phase and 
will reach its worst, whereafter it may be expected to 
diminish sharply. 
It not affect the soils substantially but will affect 
nearby vegetation (e.g. exposed vegetables, grass) to 
a degree 
Spatial Scale 
Areas around road servitude as well as areas around 
construction camps and borrow pits 
Duration 
On-going during the construction phase; the impact 
will be aggravated during periods of drought 

Mitigation measures and processes 
During construction, dustiness can be curtailed by 
water spraying, but during the operational phase, the 
hazard will continue, probably unabated 
Severity 
Mitigation during the operational phase will be near 
impossible. The effect is not expected to be severe, 
however  
Spatial Scale 
As for unmitigated scenario 
Duration 
As for unmitigated scenario 

Unmitigated assessment Mitigated assessment 

Severity: Low 
Spatial Scale: Low 
Duration: High 
Consequence: Medium 

Severity: Low 
Spatial Scale: Low 
Duration: High  
Consequence: Medium 
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POTENTIAL IMPACT UNMITIGATED SCENARIO MITIGATED SCENARIO 

Probability: High 
Significance: Medium 

Probability: High 
Significance: Medium 

Soil erosion Severity 
Runoff water from upslope land and from the road 
will tend to concentrate and may cause soil erosion 
during both the construction and operational phases. 
Spatial scale 
Areas around the road servitude as well as areas 
around construction camps and borrow pits 
Duration 
Seasonally on-going during both the construction and 
operational phases 

Mitigation measures and processes 
Professional design and due diligent implementation 
and construction of water runoff control measures 
(including culverts, cut-off drains, water dispersion 
methods) 
Severity 
Efficient runoff control measures will be imperative, as 
signs of sheet and rill erosion are evident in many 
places. 
Spatial Scale 
As for unmitigated scenario 
Duration 
As for unmitigated scenario 

Unmitigated assessment Mitigated assessment 

Severity: High 
Spatial Scale: Low 
Duration: Medium 
Consequence: Medium 
Probability: Medium 
Significance: Medium 

Severity: Medium 
Spatial Scale: Low 
Duration: Low 
Consequence: Low 
Probability: Low 
Significance: Low 

 

8.3.2 TSF, WRD and Plant site 

The following potential impacts relate to the operational phase: Trace metal pollution (waterborne and airborne) 
and acidification of soil and water resources (Table 8-4). 

Table 8-4: Potential impacts on soil and soil-water resources during operational phase – TSF, WRD and plant 
area 

POTENTIAL 
IMPACT 

UNMITIGATED SCENARIO MITIGATED SCENARIO 

Trace metal 
pollution 
(waterborne) 

Severity 
During the operational phase, the soil and soil-water 
environment may be polluted by unintended, 
unconfined leachate from the TSF, as well as leaks and 
spills of the process- and return water, particularly from 
the RWD. These will contain heavy metals 
Spatial scale 
Soil, surface- and groundwater in the vicinity of plant 
area as well as downslope of WRD area   
Duration 
Duration of plant and water return dam being operative 

Mitigation measures and processes 
Prevention of undue leachate from the TSF by attempting 
to minimise the thickness of the oxidised zone and the 
hydraulic conductivity of the reduced zone; 
minimising leaks from the RWD and process water spills; 
pre-treatment of ore with bio-mining bacteria to help to 
diminish the environmental toxicity of heavy metals;  
effective sealing  of water return dam and pipelines 
Severity 
Heavy metals in soils affect soil microbial life and are a 
general health hazard to humans and animals 
Spatial Scale 
Soil, surface- and groundwater in the vicinity of plant and 
water return dam 
Duration 
Duration of plant and water return dam being operative 

Unmitigated assessment Mitigated assessment 

Severity: High 
Spatial Scale: Medium 
Duration: High 

Severity: Medium 
Spatial Scale: Low 
Duration: Low 
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POTENTIAL 
IMPACT 

UNMITIGATED SCENARIO MITIGATED SCENARIO 

Consequence: High 
Probability: Medium 
Significance: High 

Consequence: Medium 
Probability: Medium 
Significance: medium 

Heavy metal 
pollution (wind-
borne) 

Severity 
Exposed tailings deposits will be subjected to dispersion 
by wind. These materials will contain heavy metals 
Spatial scale 
Soil, surface- and groundwater in relatively wide vicinity 
of the tailings facility 
Duration 
As long as tailings are exposed to wind, i.e. probably 
indefinite 

Mitigation measures and processes 
Curbing wind erosion by amelioration of upper 30-60 cm 
of tailings of the TSF in order to facilitate revegetation: 
pH adjustment, chemical fertilization, adding organic 
matter, sowing in with a mixture of local and exotic 
grasses (Haagner, 2008), with or without irrigation 
Severity 
On deposition on soils, water and vegetation heavy 
metals affect the soil microbial life and are a general 
health hazard to humans and animals 
Spatial Scale 
Soil, surface- and groundwater in relatively wide vicinity 
of the tailings facility 
Duration 
As long as tailings are exposed to wind, i.e. probably 
indefinite 

Unmitigated assessment Mitigated assessment 

Severity: High 
Spatial Scale: Medium 
Duration: High 
Consequence: High 
Probability: Medium 
Significance: High 

Severity: Medium 
Spatial Scale: Low 
Duration: Low 
Consequence: Medium 
Probability: Medium 
Significance: medium 

Acidification of 
soil and water 
resources 
through AMD 

Severity 
During the operational phase, the soil and soil-water 
environment may be polluted by process water leaks and 
spills. These may acidify soil and water. 
Spatial scale 
Soil, surface- and groundwater in the vicinity of plant, 
pipelines and water return dam 
Duration 
Duration of plant and water return dam being operative 

Mitigation measures and processes 
Prevention of leaks and spills of process water; pre-
treatment or ore with bio-mining bacteria helps to 
reduce sulphur in process water. 
 Effective sealing of water return dam and pipelines 
Severity 
Acidification of soil and water increases the solubility of 
heavy metals 
Spatial Scale 
Soil, surface- and groundwater in the vicinity of the plant 
Duration 
Duration of plant being operative 

Unmitigated assessment Mitigated assessment 

Severity: High 
Spatial Scale: Medium 
Duration: High 
Consequence: High 
Probability: Medium 
Significance: High 

Severity: Medium 
Spatial Scale: Low 
Duration: Low 
Consequence: Medium 
Probability: Medium 
Significance: Medium 

 

The potential impacts identified in the foregoing tables as having a medium or high significance without 
mitigation are highlighted in Table 8-5. These are the significant impacts of the intended development and are 
discussed below. All, perhaps with exception of loss or arable land, can be mitigated. Most important are those 
related to the TSF and the WRD. 



Bilboes Holdings (Pty) Ltd  SLR Project No: 710.04026.00035 
Environmental And Social Impact Assessment - Soil Impact Assessment   March 2019 

 

 

 Page 48  

 

Table 8-5: Significant impacts 

Potential impact Phase Significance Impactor 

Without mitigation With mitigation 

Loss of arable land 
Construction and 
operational 

Medium Medium 

Access road 

Dust generation 
Construction 
and operational 

Medium Medium 

Soil compaction Construction Medium Low 

All 
Soil erosion 

Construction 
and operational 

Medium Low 

Trace metal pollution 
(waterborne) 

Operational High Medium Tailings facility  
Water return dam 
Plant site Acidification of soil and 

water 
Operational High Medium 

Trace metal pollution (wind-
borne) 

Operational High Medium Tailings facility 
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 MITIGATION AND RECOMMENDATIONS 

9.1 MITIGATION MEASURES 

9.1.1 Loss of Arable Land 

Loss of arable land is always of major concern. The preferred access road alignment traverses a few land areas 
with marginal rainfed arable potential. The only mitigation is avoidance of encroachment, if possible and 
practical. 

9.1.2 Dust Generation 

Dust will be an issue at all the earthwork sites. During the construction phase of the access road, spraying with 
water from the dam at Gwizaani (Mazaiwana) could be a possibility. During the operational phase, dustiness will 
probably not be mitigated economically. It is assumed that this impact mitigation will be covered in the air quality 
assessment.  

9.1.3 Soil Compaction 

Mitigation will focus on the prevention of damage and the alleviation of damage done. Prevention of soil 
compaction by heavy vehicles and equipment can be by confining the movement of heavy equipment to 
designated temporary or permanent roads. Alleviation is by ripping the rooting of compacted soils while these are 
dry or only slightly moist. The depth of ripping depends on the depth of the natural rooting zone and the 
thickness of the compacted soil layer. The aim is to create macropores through which rainwater can infiltrate and 
plant roots can penetrate. Soil compaction may be recognised by clods having become uncommonly heavy, the 
puddling of rainwater (slow infiltration) and by the determination of the bulk density of undisturbed soil (soil 
cores) or of soil clods. Compacted soil material commonly has bulk density values of 1.6-1.7 kg or more per 
decimeter (or litre) of dry soil. 

9.1.4 Soil Erosion  

The widespread surface and incipient rill erosion in the area, visible almost wherever the soil became denuded, 
indicates that the soils are not very stable and that rainwater infiltration is slow (Table 6-8). Considering this, 
mitigation will have to focus on a sound water runoff control plan. The aim would be to prevent the 
concentration of runoff water, where possible by managed channelling and spreading out of such water, as well 
as by promoting vegetal cover where possible and appropriate. 

9.1.5 Trace Metal Pollution (Waterborne) 

The gangue materials of sulphidic ores contain pyrites that tend to oxidise to produce sulphuric acid on exposure 
to water and oxygen. This implies that mitigation measures should primarily aim at limiting the water and oxygen-
containing pore space in the upper layers (oxidised zone of the tailings). The latter may extend to approximately 
2-3 m from the surface according to a study of the Witwatersrand slimes dams (Nengovhela, 2006). This study 
also found that deep plant roots are a major cause of continuous pores in the upper slimes, facilitating entry of 
water and oxygen and thus extending the depth of the oxidised zone. Two answers are given to this issue, 
namely: applying cover soil with sufficient thickness to be a medium for plant roots (roots “dislike” growing from 
one medium to another), and revegetating with shallow-rooted shrubs rather than deep-rooted trees.  

The amount of leaching of acidic water into the drainage system feeding into the WRD (system to be installed 
during construction of the TSF in such a way that it will not give way under the tremendous pressure) will depend 
on the particle size of the tailings. Leaching of acidic water will be mitigated by the installation of an appropriate 
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liner system in the TSF. This aspect will be covered in the geochemical investigation once the current tailings test 
work has been completed.  

9.1.6 Trace Metal Pollution (Wind Borne) 

Due to low pH, the tailings can contain trace metals. Mitigation will aim at stopping the spreading of wind-borne 
silt derived from the TSF. Towards this end, slope gradients may be kept low to promote sustainable revegetation 
at as early as possible stage, and cover soil could be used on slopes and terraces. 

9.1.7 Acidification of Soil and Water 

Due to the pH of the reduced zone within tailings deposits tending to be low (Nengovhela, 2006), the leachate 
feeding into the WRD will contain dissolved trace minerals. Mitigation will thus focus on the curbing of leakage. 
According to a case study (Joseph, undated), state of the art approaches in the WRDs include the following: dams 
are to be fully lined during construction to prevent seepage; a silt trap is to be installed where the drain pipe from 
the TSF enters the dam, and leak detection drains are to be installed underneath the liners.  
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 CONCLUSIONS AND RECOMMENDATIONS 

The following notable findings pertain to the soil baseline investigation: 

• No wetlands or high potential agricultural land (sensitive areas) are present or will be affected by the 
development. 

• Limited areas of low potential arable land (map unit A) will be sequestrated by the preferred access road 
alignment. This appears unavoidable. 

• The preferred access road alignment crosses inactive irrigable land below the farm dam on Gwizani. If 
managed well the impact should be minimal. 

• The western and south-western (downslope) edges of the preferred infrastructure areas are 
approximately 500 m away from a non-perennial stream area. This land was not investigated. 

• Shallow, non-arable soils of grazing land are dominant in the area. Some map units are susceptible to 
water erosion. 

• An appropriate and sustainable applied monitoring program will be key to successful and sustained 
environmental care. 

• In conclusion, from a soil resource point of view, the site selections appear acceptable, as no prohibiting 
factors were identified. 
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