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CHAPTER 1: 

INTRODUCTION  

1.1 GENERAL INTRODUCTION  

Dishaba Mine is reported to experience approximately 16 ML of groundwater ingress daily. The 

water ingresses occur across the mine, from off-reef haulages to mostly Merensky reef stopes. The 

water enters the mine workings through fractures, boreholes, and open mining excavations, and 

poses a risk in terms of mine safety. However, the water entering the mine also presents an 

opportunity for the mine to reduce its reliance on potable water and potentially use groundwater to 

meet day to day water requirements for mining and ore processing. 

1.1.1 Location of Study Area 

Dishaba Mine is a platinum mine in the southern part of the Limpopo province some 25 km south of 

Thabazimbi (Figure 1). The mine forms part of the Amandelbult Mining Complex of Anglo-

American Platinum. 

 

Figure 1: Location of Anglo American Platinum Operations. Note the Amandelbult Complex 

consisting of the Tumela and Dishaba Mines circled in red (Anglo Platinum, 2009). 
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The mine lies on the northernmost edge of the western limb of the Bushveld Igneous Complex 

(BIC). The north-eastern boundary of the mine lease extends along the Bushveld-Transvaal contact 

(Figure 1). The western boundary sits along the Middellaagte Graben and separates the mine from 

Tumela Mine lease area. The mine lease area covers an area of approximately 2700 ha across the 

farms: from west to east, Middellaagte 382 KQ, Elandskuil 378 KQ, Haakdoorndrift 374 KQ, and 

Grootkuil 376 KQ (Figure 2). 

 

Figure 2: Farm portions covered by the Dishaba Mine lease. 

1.1.2 Mining Method and Infrastructure  

The UG2 (Upper Group 2) and MER (Merensky) reefs are narrow tabular orebodies (Moxham, 

2004) with an average thickness of 1.5 m, dipping in the south-easterly direction between 18° and 

25° (Walters et al., 2004). The reefs are extracted from surface via an opencast operation, and 

through underground operations to depths of over 1 km below surface. Access to the underground 

portion of the mine is via the Vertical Shaft (#2 Shaft), three decline shafts (#44E, #50E and #62E) 

and 44E raise-bore (Figure 3). 

Due to the inclined nature of the orebodies, the mine gets deeper in the S-E direction with middling 

of approximately 70 m between levels. Figure 4 shows a typical platinum mine section across a 

vertical shaft. The decline shafts are located on the outcrop side of the mine and at Dishaba Mine 

the deepest decline shaft ends on 9 Level, which is approximately 546 m below surface.  
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Figure 3: Mining infrastructure within the mine lease area. 

 

Figure 4: Typical section across a vertical shaft in the BIC. The middling between the UG2 

and MER reef at Dishaba Mine is between 40 m and 60 m (adapted from 

Buchanan, 1987). 

Conventional scattered breast mining is used across the underground operations of the mine. The 

reef is extracted from panels with a stoping width of approximately 1.5 m, then the blasted ore is 
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scraped into the 2.8-m-high advance strike gullies and raises. The blasted ore goes from the raise 

into a locomotive via an ore-pass (also called a box) which connects the raise and the crosscut. The 

locomotive then transports the blasted ore via the crosscut and haulage tunnels which are typical 

3 m wide by 3 m high. The ore is then hoisted to surface and transported to the plant via the 

railway. Figure 5 shows a typical scattered breast mining layout. 

 

Figure 5: Typical scattered breast mining layout (adapted from Ferreira, 2012). 

Figure 6 shows the layout of the mine. Locations in the mine are described using haulages and 

crosscut/raise lines. The naming is in the order of Level/Crosscut/Panel e.g., 5/55E means ñ5 Level, 

55E Crosscutò while 5/55AE 3W means ñ5 Level, 55AE raise line, 3W panelò. Panels are 

additionally specified whether they are UG2 or MER panels. A block of reef generally extending to 

about 100 m on either side of a raise is called a stope and consists of a few panels (typically up to 

five) on either side of a raise. Haulages are relatively flat (5° inclination) 3 m by 3 m tunnels 

excavated roughly along the strike direction of the orebody, i.e., along a SW-NE direction. The 

haulages are numbered as depth levels starting from 3 Level close to surface up to 20 Level at the 

bottom of the #2 Vertical Shaft. The vertical distance between the haulages is approximately 70 m. 

Crosscuts are also relatively flat (5° inclination) 3 m by 3 m excavations that are almost 

perpendicular to the haulages. Raise lines are developed from the crosscuts and share the same 

numbering as the crosscuts. Raise lines follow the dip of the reef (18° - 23° inclination) and connect 

multiple levels. A raise line will hence have the same number from 3 Level down to 19 Level. No 

active mining takes place on 20 Level and this level is used for hoisting. 
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Figure 6: Plan view of the mining haulages and crosscuts at Dishaba Mine. The 2# Vertical Shaft is located on the blue dot along the 44E L ine. 



 

6 

[OFFICIAL] 

The crosscuts/raise lines are numbered laterally from 36E on the western side of the mine to 71E on 

the far eastern side of the mine. Note that the 0E to 34E lines occur in the neighbouring Tumela 

Mine, located on the south-western side of Dishaba Mine. 

Figure 7 shows a typical raise line cross-section (along AB) while Table 1 shows the average depths 

of the different levels along the 44E Line and the #2 Vertical Shaft. 

 

Figure 7: Typical raise line and crosscut configuration at Dishaba Mine. 
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Table 1: Average depths and elevations of different levels along the 44E line and #2 Vertical 

Shaft. 

 

1.1.3 Historical Background 

Dishaba Mine has been experiencing groundwater ingress into mine workings at various depths for 

many years (Ngubane et al., 2015). The hard lockdown brought about by the COVID pandemic 

brought mining operations to a complete standstill between March and April 2020. During this time, 

engineering pumping records (N. Nxiweni, personal communication, 2020) show that 

approximately 16 ML of groundwater was pumped out of the mine daily, and all water supply from 

surface was stopped. It can therefore reasonably be assumed that the water pumped from the mine 

was groundwater. 

From where and how the water enters the mine is a subject of debate. Titus et al. (2009) proposed 

that the water enters the mine from surface via fracture networks that either drain the surface 

weathered aquifer or the nearby Crocodile River. Exploration boreholes (surface and underground) 

and open mining excavations then intersect these fractures leading to water running into the mining 

excavations. 

Golder (2018) estimated an inflow of 16 ML/d into mine workings and indicated that this large 

volume of water would require recharge from another source other than the BIC. They then 

proposed that the water sources lie below and above the mining areas and identified possible source 

aquifers to be Chuniespoort Group, Magaliesberg quartzite and the Crocodile River alluvial 

sediments. 
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In a study into Limpopo thermal springs, Morrow (2015) concluded that the water originated from 

meteoric water which underwent water-rock interaction. The Piper plots of the analysed water 

samples revealed a Na-K-HCO3 water. The geochemistry of the water was found to be largely 

influenced by the lithology through which the water flows, namely the Rustenburg Layered Suite of 

the BIC and the Pretoria Group sediments and dolomites of the Transvaal Supergroup. The tritium 

ages provided water-cycling age of 14.38 years. 

Underground observations by Ngubane et al. (2015) showed that the water is mostly intersected 

along the anorthosites of the UG1 (Upper Group 1) footwall and the Merensky hanging wall. The 

water intersections are largely unpredictable and vary in quantity from 100 L/h to over 10 000 L/h. 

This water ingress impacts business planning and execution, causes safety concerns and accelerated 

wear and tear of equipment. However, the water ingress also presents an opportunity for 

groundwater harvesting and consequently a reduction in the reliance of the mine on fresh water 

supply from the Magalies Water Board. 

The concentrator plant of the mine requires a water volume of approximately 24 ML/d. Currently, 

10 ML/d comes from the Dishaba Underground and approximately 13.5 ML/d comes from 

Magalies Water Board (N. Nxiweni, personal communication, 2020). The groundwater intersections 

at Dishaba Mine therefore play a critical role in the business sustainability of the Amandelbult 

Mining Complex. However, a catch-22 situation arises. On the one hand, a dry mining environment 

is required for underground mining operations to continue safely and profitably. This means that 

groundwater must be sealed-off from the mine workings. Indeed, problems that arise due to the 

water ingress are well documented by Ngubane et al. (2015). On the other hand, the groundwater 

ingress is a significant water source for processing (plant) operations. 

1.2 PROBLEM STATEMENT  

Striking the balance between keeping the mine workings at Dishaba Mine dry and still being able to 

supply the plant with water remains a challenge. To get this right, a comprehensive groundwater 

management plan needs to be put in a place. For an appropriate and useful water management plan, 

it is imperative that water ingress is correctly mapped, the quantity and quality of water is known, 

and the structures that transmit water are well mapped and analysed. 

1.3 AIMS AND OBJECTIVES  

The research aims to aid in the development of a groundwater management plan, in updating the 

existing hydrogeological conceptual model and in assessing whether more groundwater can be 
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abstracted from underground workings to reduce the reliance of Dishaba Mine on potable water 

supplied by the Magalies Water Board. 

The main objectives of the project are: 

¶ To investigate groundwater ingress into the mine in terms of locations, origins, volumes, and 

qualities, 

¶ To assess the groundwater harvesting potential of the mine, 

¶ To create a groundwater management plan that will ensure dry mining conditions whilst 

maintaining a supply of groundwater to surface operations of the mine, 

¶ To contribute data about the fractured aquifer that will improve the conceptual model, and, 

¶ To create an effective mine operating procedure for dealing with groundwater intersections. 

1.4 RESEARCH METHODOLOGY  

To achieve the objectives stated above, the workflow shown in Figure 8 was carried out. The key 

actions were: 

¶ Groundwater seepage survey ï An assessment of water ingress volumes and locations was 

undertaken across the mine. The assessment consisted of physical underground mapping and 

field parameter testing with a handheld multiparameter probe (the Hanna 9811-5 model). The 

parameters tested were pH, temperature, electrical conductivity (EC) and total dissolved 

solids (TDS). The lithology and geological structures through which groundwater is flowing 

was also recorded. An analysis of various records of groundwater intersections and ingress in 

the mine was also carried out. The records consisted of mine plans and maps, drilling records, 

geology borehole database and the pumping records of the mine. The aim of this investigation 

was to establish where, how much and, based on field parameters, what kind of groundwater 

flows into the mine. 

¶ Hydrochemical sampling was undertaken from underground areas with sustained groundwater 

ingress across the mine. The sampling covered areas in the upper section (levels closer to 

surface) and the lower section of the mine, as well as areas in the eastern and western sections 

of the mine. The aim was to achieve spatial coverage that would be representative of the 

different areas and geological structures across the mine. The hydrochemical analyses were 

carried out at the Aquatico laboratories in Pretoria and isotope analyses were done at the 

iThemba laboratories in Johannesburg. The hydrochemical and isotopic analysis aimed to 
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establish the groundwater facies across the mine, the possible sources of the groundwater as 

well as the quality and by extension the possible usability of the groundwater in the mine. 

¶ The collected data were compiled into various tables and graphs. Various plots from the 

hydrochemical analysis were created such as Piper diagrams to better visualise and interpret 

the results obtained. 

¶ From the gathered data, the conceptual hydrogeological model for Dishaba Mine was updated 

to better explain the causes of the observations made across the mine with particular reference 

to where and how groundwater flows relative to the geology of the mine. 

¶ A water management strategy was developed that would allow for the harvesting and 

monitoring of groundwater across the mine whilst ensuring dry mining conditions. 

 

Figure 8: Research project workflow. 

1.5 STRUCTURE OF DISSERTATION  

The dissertation discusses various aspects of groundwater ingress and geology at Dishaba Mine. 

The dissertation is structured as follows: 

¶ Chapter 1 gives an introduction and background information on Dishaba mine. It gives an 

overview and rationale behind the research project. 

¶ Chapter 2 is a review of literature and existing information on the geology and groundwater 

aspects of the mine. 

¶ Chapter 3 describes the data collection that took place during the research project. 
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¶ Chapter 4 presents the findings and results from the work done as described in Chapter 3. 

¶ Chapter 5 discusses the results and gives possible reasons for the results obtained and their 

influence on the conceptual model. 

¶ Chapter 6 gives recommendations and suggests a way forward for groundwater management 

and future research work at the mine. 
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CHAPTER 2: 

LITERATURE REVIEW  

2.1 GEOLOGY AND REGIONAL SETTING  

2.1.1 Overview of the Bushveld Igneous Complex 

The Bushveld Igneous Complex (BIC) occupies an area of approximately 65 000 km2 in the north-

eastern part of South Africa (Figure 9). The BIC outcrops in four limbs (Viljoen and Schurman, 

1998) named the northern, southern, eastern, and western limbs (Cawthorn and Lee, 1998). The 

northern limb extends from Mokopane in the south to Villa Nora in the north. The western limb 

forms a semi-circular arc which stretches from Thabazimbi to Rustenburg and further eastwards to 

Pretoria. The eastern limb of the BIC lies opposite the western limb, stretches from Burgersfort to 

Belfast, and is generally similar to the western limb (Cawthorn et al., 1998). The southern limb is 

found in Belfast in Mpumalanga and is buried under younger sediments (Eales and Cawthorn, 

1996). 

 

Figure 9: Detailed geology map of the Bushveld Igneous Complex (Naldrett et al., 2009). 

The BIC is thought to have been formed by several repeated magma injections into a sub-volcanic, 

shallow level chamber (Kruger, 2005). These magma injections resulted in the formation of various 

lithostratigraphic suites, namely the Lebowa Granite Suite (LGS), the Rashoop Granophyre Suite 
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(RGS) and the Rustenburg Layered Suite (RLS). The approximately 9 km thick RLS is the most 

economically significant suite as it hosts the platinum deposits. It is divided into the Upper, Main, 

Critical, and Lower Zones. The Critical Zone is where the most important mining activities take 

place because of its richness in platinum group elements (PGEs) (Cawthorn, 1999). 

The BIC is host to the largest platinum group resources in the world (Cawthorn, 1999). The three 

main orebodies from which platinum is mined are the Merensky Reef, the Upper Group 2 (UG2) 

and the Plat Reef. Other notable world class mineral deposits found in the BIC include chromium, 

vanadium, fluorite and andalusite (Cawthorn et al., 2006). 

2.1.2 Local Stratigraphy 

Dishaba Mine is located in the northernmost part of the western limb of the BIC. The mine also lies 

in the uppermost part of the Critical Zone from where the Merensky and UG2 Reefs are mined. 

Several cyclic units are exposed by mining excavations (Kruger, 1990); these are locally termed 

marker horizons or simply markers. Underground excavations generally reveal the Upper Group 1 

(UG1) to Bastard Reef marker horizons (Figure 10). 

Figure 10 shows a detailed local stratigraphic succession of the Amandelbult Complex (refer to 

Figure 6 for the spatial location of the different crosscuts). The lithological units are sequentially 

numbered relative to a marker e.g. UG2 FW 1 refers to the first lithology in the FW of the UG2. A 

brief description of the critical markers and their associated rock types follows below. For detailed 

descriptions, the reader is referred to Maier and Walters (1994) and Walters et al. (2004). 

2.1.2.1 The UG1 

The Upper Group 1 (UG1) is a chromitite layer, approximately 1 m thick. It is underlain by an 

anorthosite with chromitite bands (ANCR). The ANCR is about 2 m thick and has a zebra-stripes 

appearance. Below the ANCR are over 100 m of alternating anorthosite-norite layers that lead to the 

middle group chromitites. 

Directly on top of the UG1 chromitite is a strata-parallel shear that is possibly a thrust fault (Friese, 

2004). The hanging wall of the UG1 consists of over 10 m of pyroxenite leading up to the UG2 

horizon. 

2.1.2.2 The UG2 

The Upper Group 2 (UG2) is one of the two orebodies currently being exploited for its PGE 

content. The UG2 is made of two or three chromitite layers; the main band, which is between 0.8 m 

and 1 m thick, and one or two leader seams, which are 10 cm to 15 cm thick. The main band and the 

leader seams are separated by approximately 10-cm-thick pyroxenite bands. 



 

14 

[OFFICIAL] 

 

Figure 10: Local stratigraphy from the west to the east of the Amandelbult Complex Area (Sibiya, 2017). 
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The UG2 usually sits above a 1-m-thick feldspathic pegmatoidal pyroxenite (UG2FW1) with a 1 cm 

chromitite stringer at its base. The UG2FW1 is underlain by a leuco-norite that is about 5 m thick 

and also has a chromitite stringer at its base surrounded by pyroxenite. This pyroxenite marks the 

start of the UG1 hanging wall pyroxenite. The vertical distance between the UG1 and UG2 is about 

20 m. 

The hanging wall of the UG2 consists of a 10 cm feldspathic pyroxenite followed by an 

approximately 80-cm-thick olivine-rich pyroxenite or harzburgite which is followed by about 8 m 

of pyroxenite. The hanging wall marker is a chromitite stringer that sits between 1.0 and 1.2 m 

above the UG2 and is surrounded by pyroxenite. 

2.1.2.3 The P1 

The Lower Pseudo Reef (P1) lies approximately 11 m above the UG2 reef. The term pseudo reef 

implies a resemblance to the Merensky Reef (Viring and Cowell, 1999). The P1 consists of an 

approximately 0.5- to 1-m-thick feldspathic pegmatoidal pyroxenite or harzburgite capped by a 

1 cm chromitite stringer. The P1 has interstitial sulphide mineralisation with low Pt grades 

(å1.5 g/t). The footwall of the P1 is the approximately 8-m-thick pyroxenite which extends to the 

UG2 horizon. In the hanging wall of the P1 is an anorthosite with scattered chromitite or olivine 

grains. The thickness of the hanging wall anorthosite varies between <10 cm to about 1 m and 

terminates on the feldspathic harzburgite of the P2. 

2.1.2.4 The P2 

The Upper Pseudo Reef (P2) is a feldspathic harzburgite with a thickness of 3-5 m. The P2 is not 

economically mineralised; however, there are traces of sulphide mineralisation above and below the 

P2 across the north-western limb of the BIC (Mitchell et al, 2019). Directly above the harzburgite is 

a 20- to 30-cm-thick feldspathic pegmatoidal pyroxenite with minor sulphide mineralisation. From 

around the 55E Line (refer to Figure 6), the harzburgite disintegrates and scatters olivine into norite 

in an easterly direction. This results in the formation of a 30 m thick olivine-rich norite in the 

eastern part of the mine (60E to 74E in Figure 10) (Maier and Walters, 1994). 

In some parts of the mine, the P2 sits directly on the P1 with the normal footwall anorthosite 

(hanging wall of the P1) completely absent. The hanging wall of the P2 consists of a norite layer 

with a small anorthosite and chromitite band, locally named the Lone Chrome Stringer (Walters et 

al., 2004) sitting just above the P2. This is followed by an alternating norite, anorthosite (footwall 

marker) and norite horizon leading to the footwall of the Merensky Reef. 
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2.1.2.5 The Merensky Reef 

The world-famous Merensky Reef consists of a feldspathic pegmatoidal pyroxenite bound by 

chromitite stringers and the bottom and the top. The thickness of the Merensky Reef varies from 

less than 10 cm to just over 1.5 m. The normal Merensky reef sits on a 5- to 6-m-thick poikilitic 

anorthosite and has significant sulphide mineralisation with over 5 g/t Pt grade. The hanging wall 

consists of a 1- to 3-m-thick pyroxenite. 

Mining at Dishaba Mine takes place through the Swartklip facies of the Merensky Reef (Viljoen, 

1999). The Swartklip facies consist of various pothole facies whereby the reef transgresses into the 

FW lithologies (Figure 10). The Merensky reef at Dishaba Mine can thus be divided into three 

broad facies, the Normal Reef (NMR), the Transition Zone (TRZ, including the Contact Reef (CRF) 

and the Pothole Reef (PHR)) and the Haakdoorndrift (HDD) facies (Figure 11). Haakdoorndrift is 

the name of the farm where this type of Merensky reef in the mine is mainly found (see Figure 2). 

The presence of various Merensky facies has been described to be the result of regional potholing 

(Viljoen, 1999) and more recently to be the result of step-and-stair-type of transitions because of 

intruding sills to successive stratigraphic levels (Mitchell et al., 2019). 

The transition zone consists of mixed potholed facies whereby the reef is unstable and sits on 

various footwall lithologies (Viljoen, 1999). In the HDD facies, the reef sits on the footwall marker 

and has significant footwall mineralisation extending beyond 2 m below the reef. The reef itself is 

<10 cm thick with large sulphide mineralisation. 

The Merensky Reef horizon represents the best depiction of the cyclic units of the BIC (Kruger, 

1992) whereby the mafic rocks (pyroxenite) are found at the base with upward grading into acidic 

rocks (anorthosite) at the top. The total thickness of this unit is about 20 m and terminates on the 

Bastard Reef. 

The middling between the UG2 and the Merensky Reef goes from about 40 m in the western 

section of the mine (Normal Merensky Reef) to over 60 m in the eastern HDD facies (Mohulatsi, 

2022). 
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Figure 11: Distribution of Merensky Reef facies across Dishaba Mine (Dumakude et al., 2022). 

2.1.2.6 The Bastard Reef 

The Bastard reef is a 2- to 3-m-thick pyroxenite with about 10 cm of sulphide mineralisation at its 

base. It is located some 18 to 20 m above the Merensky Reef. The pyroxenite of the Bastard Reef 

grades upwards into a fine-grained mela-norite, followed by norite and the approximately 10-m-

thick giant poikilitic anorthosite (GPA) at 10 to 15 m above the Bastard Reef marks the end of the 

Critical Zone. The Porphyritic Gabbro Marker (PGM) is found in the lower part of the Main Zone 

(Mitchell, 1990) and is only exposed by surface exploration drilling as it sits over 500 m above the 

Merensky Reef. It has no known economic mineralisation. 

2.1.3 Structural Setting 

Basson (2019) gave detailed effects and properties of the major deformation structural features of 

the BIC. Dishaba Mine sits between the Crocodile River Fault and the Middellaagte Graben (Figure 

12). The Thabazimbi Murchison Lineament (TML) lies immediately north of the mine. The 

Middellaagte Graben marks the western boundary of the mine and separates it from the 

neighbouring Tumela Mine. The graben is estimated to have a throw of 500 m on the east and 

700 m on the west (Bamisaiye, 2016). Underground observations show that there are several 

sympathetic faults with relatively smaller throws (Figure 13). 
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Figure 12: Structural geology map of the western limb of the Bushveld Igneous Complex 

(Basson, 2019). Dishaba Mine lies inside the red rectangle south of Thabazimbi. 
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Figure 13: Distribution of f aults and dykes across Dishaba Mine on the Merensky Reef horizon. 
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The Crocodile River Fault lies north-east to the mine (Figure 12). The fault apparently marks the 

northern end of the western limb of the BIC (Basson, 2019). The TML further north of the mine is 

associated with thrust faults (Mohlahlana, 2019). Although there is prominent thrust faulting in the 

north-eastern part of the mine (Maakamedi and Moyo, 2018), no direct correlation has been 

established between the major thrust fault system in the mine and the TML. 

A detailed study of the faults and associated joints in the mine lease area was conducted by Friese 

(2004) and are briefly described below: 

¶ The Pongola extensional fault zones: These are the oldest structures ~2.07-1.93 Ga. They are 

moderate-steeply inclined and have a north-west/south-east to north-north-west/south-south-

east strike. 

¶ The Ventersdorp extensional fault zones: These are of similar age to the Pongola extensional 

fault zones, and trend north-east/south-west to north-north-east/south-south-west. They are 

confined to an approximately 4 km zone across the Dishaba lease area and represent a graben 

or half graben as part of the Neoarchaean Ventersdorp impactogenal rift system in the 

basement to the BIC. 

¶ North-west-verging, layer-parallel thrust zones on major litho-stratigraphic boundaries, i.e., 

on the top contacts most predominantly of UG1, P1, and P2. The thrust zones represent load 

stress compensation thrusts, which formed during Rustenburg Layered Suite emplacement in 

Upper Zone time in response to thermal subsidence of the RLS and vertical load stresses 

induced into the floor rocks and pre-Upper Zone stratigraphy. 

¶ North/south trending, moderate to steeply dipping Kibaran extensional fault zones which 

formed in response to east/west crustal extension induced by the Kibaran Orogeny at ~1.35 to 

1.2 Ga. There are fault zones with relatively smaller net displacements and are low-angled. 

They developed as interlinking structures that are parallel to and oblique to the Pongola 

extensional fault zones. These are genetically related to individual phases of sinistral and 

dextral transtensional reactivation tectonics along these prominent extensional fault zones 

during the Eburnean (Kheis) and Kibaran orogenies at ~1.83 to 1.73 Ga and ~1.35 to 1.2 Ga, 

respectively. 

¶ A group of pervasive west-south-west-, west- and west-north-west-trending extensional 

fracture zones that traverse all other fault zones. These have no significant displacement and 

are generally the youngest, i.e., post-Karoo extensional fracture systems formed at ~180 to 

90 Ma. 
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Friese (2004) also noted that the Dishaba Mine area has a smaller abundance of dykes relative to the 

rest of the Amandelbult Mining Complex. He further stated that several generations and 

petrological types have intruded along the various groups of faults as follows: 

¶ The Pongola extensional fault zones ï north-west trending, up to 10m wide diabase dykes, 

¶ The Kibaran fault set ï north/south striking, relatively thin (up to 2 m wide) carbonate rich 

alkaline dykes, and, 

¶ The post-Karoo system ï west-south-west- and west-trending, variable thickness dolerite 

dykes. 

Joints in the mine occur randomly and in sets, sometimes parallel to major structures such as faults 

and dykes. The joints tend to be filled with chlorite, serpentine, and calcite (Gerber, 2022). Two 

detailed studies were carried out on the characteristics of the joints on the mine (Gerber, 2022). One 

on the Merensky Reef horizon and another on the UG2 horizon. A total of four and six prominent 

joint sets were found on the Merensky Reef horizon and the UG2 horizon, respectively. The joints 

on the Merensky Reef horizon are generally subvertical, dipping at over 80°. One anomaly was a 

particular set of joints (J4) dipping at below 40° and striking at 094° (Table 2). The joints on the 

UG2 reef horizon are generally relatively shallower and more varied in dip. They broadly dip 

between 70° to just over 80° (Table 3). 

Table 2: Characteristics of joint sets found on the Merensky Reef horizon (Gerber, 2022). 

 

Table 3: Characteristics of joint sets found on the UG2 Reef horizon (Gerber, 2022). 
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2.2 HYDROGEOLOGICAL SETTING  

This section discusses the climate and hydrological setting, groundwater occurrence, groundwater 

quality, and the groundwater conceptual model based on current understanding of the groundwater 

regime across the Dishaba Mine. 

2.2.1 Climate and Hydrological Setting 

The Thabazimbi area receives most of its rainfall in summer from November to April. On average, 

the area receives an average of 602 mm of rain per year. The winter season has the lowest amount 

of rainfall with July being the driest month with almost 0 mm while January has the most with 

500 mm. In June, the average daytime temperature is 21.8°C, while in January, it is 31.7°C 

(Meteoblue, 2022). Figure 14 shows the average climate conditions based on 30 years of hourly 

weather observations.   

 

Figure 14: Average weather conditions in the Thabazimbi area (Meteoblue, 2022). 

The Dishaba Mine lease area falls within the Crocodile (West) Marico Water Management Area 

within the quaternary catchments A24F (Bierspruit River) to the west and A24C (Crocodile River) 

to the east of the #2 Vertical Shaft (Figure 15). 
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Figure 15: The nineteen Water Management Areas, primary catchments, and the six-general 

hydro-climatic zones of South Africa (DWA, 2013). Dishaba Mine falls within 

Water Management Area 3 as indicated with the red star. 

The topography of the area surrounding the mine is generally flat and featureless. The most 

prominent surface features being the agriculturally active farms (the dark green crop circles in 

Figure 3) and mining related infrastructure. The Transvaal Supergroup mountains occur 

approximately 10 km north of the mine. 

According to Golder (2018), hydrological units found at and below the mine are those belonging to 

the BIC, the Chuniespoort Group, Magaliesberg quartzite and the Crocodile River alluvial 

sediments (Figure 22). Aquifers within the BIC can be generally divided into three types: an alluvial 

aquifer on the banks of rivers and streams; a shallow, weathered bedrock aquifer; and a deep, 

fractured bedrock aquifer (Gebrekristos and Cheshire, 2012). 

2.2.2 Groundwater Occurrence 

Groundwater in the Dishaba Mine lease area occurs mainly in the shallow weathered aquifer and 

the deep fractured aquifer (Titus et al., 2009). The weathered aquifer system generally occurs down 

to a depth of approximately 40 mbgl (meter below ground level) and is connected to the deeper 

fractured bedrock aquifer system through fractures at specific localities. Groundwater travels 
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through these interconnected fractures from the weathered aquifer system into the fractured bedrock 

aquifer system (Figure 16). 

 

Figure 16: Idealised single-phase weathering palaeo-profile in a hard rock, crosscut by the 

current topography (from Wyns et al., 2004). The laminated layer and fissured 

layer refer to saprolite and saprock layers defined by Titus et al. (2009). 

The shallow weathered aquifer is monitored through a number of boreholes (Figure 17) distributed 

across the Amandelbult Mining Complex with special focus on the tailings storage facility. A far 

smaller network of vibrating wire piezometers exists underground at depths over 100 mbgl. 

2.2.2.1 The shallow weathered aquifer 

Titus et al. (2009) described the shallow weathered bedrock aquifer system as being composed of 

the saprolite and saprock zones which are formed due to weathering of the underlying bedrock. 

These zones are water-bearing due to natural recharge, irrigation return flows, and other surface 

water sources. Along the river courses, this system is partially or fully replaced by alluvial aquifers. 

The alluvial aquifers consist of sand, silt, clay and gravel deposited by the rivers and have a great 

variety of thickness. Linkages with surface water cause them to have high yields. However, low yields 

have also been encountered in areas where there is much less clay and silt contents (Gebrekristos and 

Cheshire, 2012). 

Dishaba Mine has an extensive network of groundwater monitoring boreholes (Figure 17) spread 

across the Amandelbult Mining Complex. These boreholes are mainly used for monitoring the 

shallow surface aquifer. The groundwater level occurs at average depths of between 1.9 and 

19.7 mbgl on the Bierspruit River side and between 2.1 and 51.1 mbgl in the Crocodile River 

drainage side (Figure 18) (Groundwater Complete, 2021). The shallow groundwater depths in the 
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vicinity of the tailings dam and its holding dam are presumed to be the result of artificial aquifer 

recharge in the form of seepage from the dams. 

 

Figure 17: Distribution of groundwater monitoring boreholes across Amandelbult Complex 

(Groundwater Complete, 2021). 

 

Figure 18: Water level depths across Amandelbult complex as observed in the groundwater 

monitoring network boreholes (Groundwater Complete, 2021). 
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The groundwater flow direction is generally towards the Bierspruit River and the Crocodile River 

i.e., north/northwest towards Bierspruit and north-east towards the Crocodile River. Figure 19 

shows the groundwater elevations and flow trends as observed in the year 2020. 

 

Figure 19: General shallow groundwater flow across Amandelbult Complex. (Groundwater 

Complete, 2021). 

The monitoring boreholes are sampled on a quarterly basis. Groundwater Complete (2021) 

concluded that the groundwater qualities varied within relatively short distances, and that this could 

be ascribed to aquifer heterogeneity and compartmentalisation. 

2.2.2.2 The deep-seated fractured aquifer 

Fractured rock aquifers comprise a network of fractures that cut through a relatively impermeable 

rock matrix (Cook, 2003). When characterising the fractured rock aquifers, information on the 

nature of the fractures and the rock matrix is critical. Fractures are planes along which stress has 

caused a loss of cohesion in the rock and there is hardly any visible displacement parallel to the 

surface of the fracture. If there is any movement or displacement, then the fracture is classified as a 

fault. 

The following fracture properties have an impact on the nature of groundwater flow (Cook, 2003): 

¶ Dimensions (aperture, length width), 

¶ Location (orientation, spacing, etc.), and, 
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¶ The nature of the fracture walls (surface roughness). 

Variation in the fracture properties listed above, leads to variation in conductivity of a rock mass. 

Dykes can also cause fracturing of the country rock, thereby leading to an increase in the 

yield/hydraulic conductivity of the fractured rock (Sami and Hughes, 1996). Bromley et al. (1994) 

found that dykes that are thicker than 10 m tend to form water barriers while those of smaller width 

are permeable as they develop cooling joints and fractures. 

At Dishaba Mine, groundwater is intersected in the underlying solid and unweathered crystalline 

rocks (i.e., below the weathered zone). These rocks at depths over 100 mbgl, generally have low 

porosity, and high hydraulic conductivity along fractures (Titus et al., 2009a). The hydraulic 

properties and conductivity vary within the same rock mass and over short distances. This is evident 

through the varied yields in underground boreholes, mine excavations and geological fractures over 

short distances (Ngubane et al., 2015). Titus et al. (2009) noted that structural features (fractures) 

are also extremely variable with regards to frequency, spatial extent, aperture, and 

interconnectedness. 

The volume of groundwater and pumped from the #2 Vertical Shaft is estimated to be 

approximately 16 ML per day (N. Nxiweni, personal communication, 2020). This estimate is 

derived from a simple calculation of water pumped up, minus water pumped down, and the 

difference is assumed to be groundwater ingress. The yields of individual groundwater intersections 

vary from less than 100 L/h to over 10 000 L/h. Figure 20 shows the distribution of known 

groundwater intersections in the mine excavations. In Figure 20, there appears to be a significant 

difference in water intersections between levels above 10 Level and those below. 10 Level and 

below appear to have groundwater intersections across the length of mining excavations from west 

to east, whereas 9 Level and above appear to have sporadic intersections and hardly any 

intersections in the middle (i.e., between 38E and 62E raise lines). 
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Figure 20: Plan view showing the spatial distribution  of known water intersections in underground mine excavations across Dishaba Mine. 
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2.2.2.3 Conceptual models 

Titus et al. (2009) conducted a groundwater modelling exercise at Dishaba Mine. In their 

conceptual model, they proposed a two-layer aquifer system consisting of the shallow weathered 

aquifer and the deep fractured aquifer. The surface water inflows into the mine workings were 

estimated at a third (~8 ML/d) of the total mine fissure inflows, regional groundwater inflows at 

46% (~11 ML/d) and direct recharge from rainfall at approximately 20% (~5 ML/d) (Figure 21). No 

direct link was found between the Crocodile River and the mine workings. It was suggested that the 

regional groundwater flow could be recharging from outside the A24C catchment. 

 

Figure 21: Hydrogeological conceptual model of Amandelbult Complex (Titus et al., 2009). 

In a more recent update of the conceptual model (Figure 22 and Figure 23), Golder (2018) proposed 

that the regional groundwater flow is from sources above and below the mining areas, and recharge 

occurs further afield from the BIC. The main identified aquifers are those belonging to (1) the BIC, 

(2) the Transvaal Supergroup (specifically the Chuniespoort Group and the Magaliesberg quartzite), 

and (3) the Crocodile River alluvial sediments. The conceptual model also suggested that since 

faulting is assumed to be continuous between the Transvaal Supergroup and the BIC, groundwater 

exchange between the two formations is possible. The Crocodile River Fault and the Middellaagte 

Graben were identified as the key fault structures that allow for groundwater exchange between the 

various aquifers and the mine voids. 



 

30 

[OFFICIAL] 

 

Figure 22: Hydrogeological conceptual model for Dishaba Mine proposed by Golder (2018). 
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Figure 23: Regional groundwater flow around in Dishaba Mine following the conceptual model by Golder (2018). 
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2.3 GROUNDWATER QUALITY  

Over the years, various sampling and chemical analysis campaigns have been undertaken at 

Dishaba Mine to understand the groundwater quality on surface and at deeper levels within the 

mine. 

2.3.1 Shallow Groundwater  

A quarterly groundwater sampling survey is undertaken on the monitoring boreholes across the 

Amandelbult Complex (Figure 17). As of 2021, a total of 58 monitoring boreholes across 

Amandelbult were incorporated in the survey. The survey focuses mainly on groundwater level and 

quality trends across the Amandelbult Complex (Groundwater Complete, 2021). One of the reasons 

the environmental boreholes are sampled regularly is to ensure the mine remains compliant to the 

water use license as granted by the Department of Water and Sanitation (DWS) (P. Mofomme, 

personal communication, 2021). 

The monitoring boreholes provide an easy way to build a continuous database and perform trend 

analysis that describe water in the shallow weathered aquifer. A total of 20 boreholes within the 

Dishaba Mine lease area were sampled in 2020 (Figure 24). The values highlighted in red are major 

ion concentrations that exceed the prescribed levels of the water use licence; these could be 

impacted by farming and open cast mining operations (Groundwater Complete, 2021). 

Sulphate and nitrate were identified as the most dominant contaminants. This is possibly due to 

mining and farming activities. The Expanded Durov Diagram compiled for the water samples 

(Figure 25) showed high heterogeneity in terms of the hydrochemistry of the sampled sites. The 

groundwater quality changed over short distances, which could be caused by contamination from 

the various source areas, aquifer heterogeneity and compartmentalisation. 
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Figure 24: Sampled boreholes on the Dishaba Mine lease area with their results in 2020 

(Groundwater Complete, 2021). 

 

Figure 25: Expanded Durov diagram from data collected in 2020 from the monitoring 

boreholes in the Dishaba Mine lease area (Groundwater Complete, 2021). 

The plot positions of monitoring boreholes in the first two fields of the Expanded Durov diagram 

represent relatively clean, fresh groundwater dominated by calcium/magnesium cations and 
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bicarbonate alkalinity on the anion side. On the other hand, plot positions lower down on the 

Expanded Durov diagram may be indicative of mine induced impacts on the groundwater quality 

conditions. 

To better understand trends and spatial variation in the Expanded Durov diagram, the boreholes 

have been grouped by where they are located in the Amandelbult Complex, i.e., Tumela Mine, 

Dishaba Mine, HDD Open Pit and the Concentrator Plant (Table 4). The samples mostly plot within 

three categories on the Expanded Durov Diagram, i.e., fresh young water with limited ion 

exchange, a mix of different waters with sulphate contamination and a mixed type with nitrate 

contamination. 

The Dishaba Mine samples show relatively more variety, with young water with both sulphate and 

nitrate contamination. This trend extends to the HDD Open Pit samples. The nitrate contamination 

appears to be more pronounced in the HDD, possibly due to the mining activities. The Tumela Mine 

samples are generally mixed type with sulphate contamination which is possibly due to leakages 

from the tailings dam. 

Table 4: Grouping of groundwater monitoring holes according to their location across the 

Amandelbult Complex. 

 

2.3.2 Deep Groundwater 

The following water facies are commonly found in the vicinity of the mine lease area with the 

associated geology (Titus et al., 2009): 

¶ BIC: Ca-Na-Mg-HCO3 water type, 
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¶ Dolomites: Ca-Mg-HCO3 water type, and 

¶ Crocodile River Valley: Mg-Na-HCO3-Cl water type. 

Following a sampling program carried out by Titus et al. (2009), three clusters of water chemistry  

were identified from the samples taken in Amandelbult (Figure 26): 

¶ Cluster 1 and 2: typical BIC, 

¶ Cluster 2: dolomitic water, and, 

¶ Cluster 3: Mine water inflows (fissure water), generally associated with high Na-Cl 

concentrations. 

Compared to the shallow aquifer water, the deep mine inflows were found to be relatively uniform 

in chemical character, dominated by the NaCl water type. 

 

Figure 26: Groundwater quality in Tumela Mine (Shaft 1) and Dishaba Mine (Shaft 2) (from 

Titus et al., 2009). 

In 2016, 16 samples from the underground mine workings (Figure 27) were submitted for 

hydrochemical and environmental stable isotope assessment (Golder, 2016). All these water 

samples grouped together in the NaCl quadrant of the central diamond of the Piper diagram (Figure 

28). 
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Figure 27: Geology and spatial distribution of samples taken in the 2016 sampling program by Golder (2016). 
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Figure 28: Piper diagram for the water samples from the 2016 sampling programme by 

Golder and Associates (Golder, 2016). 

In a 2017 hydrochemical survey (Golder, 2018a), five underground water samples were taken from 

the following working areas: 

¶ 5/41AE Crosscut 

¶ 5/55AE Crosscut 

¶ 14/55E 5W Merensky Reef Panel 

¶ 16/40E Haulage 

¶ 17/49E Crosscut 

The samples were found to have a varied chemical composition (Figure 29). From these samples, it 

was concluded that there are two main sources of groundwater ingress into the mine, the 

Chuniespoort Dolomite (Ca/MgïHCO3 signature) and the Crocodile River (Na/Mg-Cl/SO
4
 

signature). It was suggested that the Crocodile River water with its strong evaporation signature 

forms part of the mine water cycle. 
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Figure 29: Piper diagram for the water samples from the 2017 sampling run (Golder 2018a). 

2.4 GROUNDWATER MANAGEMENT  

The presence of groundwater in a mine has a negative effect on production, ground control, 

ventilation, and safety (Ngubane et al., 2015; Straskraba and Effner, 1998). The DWAF (2008) 

further lists the following negative effects of groundwater ingress into mine workings: 

¶ Reduction in the ability of affected surface/groundwater resource to provide other water users 

with water, 

¶ Water quality deterioration due to contact between water and ores with sulphide minerals, 

cyanide from backfill operations, explosives and other chemicals used in mining operations, 

¶ Flooding of the underground mine, 

¶ Closed mines may decant contaminated water into the surrounding aquifers or surface water 

resources, and, 

¶ Inter-mine flow may occur where water from adjacent mine flows into and becomes part of 

the water balance of the receiving mine. 

Failure to adequately plan for and mitigate against any adverse groundwater impacts is perilous for 

any mining operation. The fundamental principle that applies to water management in underground 
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mines according to DWAF (2008) is: Plan, design, operate and close the underground mining 

operations in a manner that reduces the ingress of clean water into the mine, minimizes the volume 

of water used in mining operations, maximizes water reuse, minimizes the water quality 

deterioration within the mine and minimizes the impacts on the water resource. 

The groundwater management strategy of Dishaba Mine is continuously being revised as new 

information becomes available. The excess water that is pumped from the underground is used in 

processing operations, for sanitation, and is also recycled to obtain water of high-quality drinking 

standard (N. Nxiweni, personal communication, 2020). 

Groundwater control in underground mining usually takes the form of grouting or dewatering 

(Straskraba and Effner, 1998). The two methods can be applied simultaneously depending on a 

number of factors, such as the hydrogeological characteristics of the mine, the depth of the mine 

and the mining method. At Dishaba Mine, the function of groundwater control lies within the 

Geology Department. Groundwater control is guided mainly by the standard operating procedure 

titled ñCover drilling and water / flammable gas intersections undergroundò. 

According to the mine standard procedure, cover holes are drilled ahead of mining at an inclination 

of between 0° and 5° and almost parallel to or along haulages and crosscuts. The holes are 120 m 

long. The primary purpose of the cover holes is to intersect water and flammable gasses ahead of 

mining. On water intersection, the holes are either grouted or allowed to drain freely (dewater) 

depending on the volume of water intersected. 

A staggered single or double cover pattern is used, depending on the groundwater risk classification 

of the area (Figure 30). The single cover pattern requires that the holes have an overlap of 15 m on 

either side of the mining excavation. The double cover requires an overlap of 60 m. Currently the 

underground hydrogeological risk areas are divided into two: the low risk - single cover areas (3-14 

Level) and the higher risk - double cover areas (15-19 Level). Figure 31 shows the cover drilling 

layer of the mine water plan with the groundwater risk classification. 
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Figure 30: (A) Double cover drilling pattern and (B) single cover drilling pattern. 

When groundwater is intersected by a haulage or crosscut, mining is stopped i.e. all mining 

activities are stopped and the mining crew is withdrawn from that specific mining excavation that 

has intersected water. A diamond drilling crew moves in and starts ring cover drilling (i.e., flat 

holes drilled on the face of the excavation in a ring-like configuration) and the ring cover holes are 

then grouted with cement. Due to cost implications, grouting is done using normal portland cement. 

ñWater sealing chemicalsò tend to be far more expensive and less effective in preventing 

groundwater ingress into mine workings (M. Moyo, personal communication, 2022). Depending on 

the amount of water intersected, grouting takes anything from three production shifts to well over a 

monthôs worth of production shifts lost. 
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Figure 31: Cover drilling  layer of the mine water plan, showing the different groundwater risk classifications and associated cover drilling 

requirements.
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CHAPTER 3: 

DATA COLLECTION  

3.1 INTRODUCTION  

Data collection for this research project was carried out through a seepage survey which included a 

desktop study, seepage survey and underground mapping, analysis of the existing borehole 

database, groundwater sampling, and hydrogeochemical analysis through the Aquatico and 

iThemba laboratories. This chapter details the processes followed and equipment used in the data 

collection, processing, and interpretation for this project. 

3.2 GROUNDWATER SEEPAGE SURVEY 

The seepage survey started with a review of existing data and was followed by underground 

mapping and recording of field parameters (temperature, pH, EC and TDS). The existing data and 

information consist of the water plan, the borehole database, the geology plan and flow meter data. 

3.2.1 The Water Plan 

The water plan (or map) is a multi-layered digital plan depicting all the development (tunnel) 

excavations at the mine with water-related information. The plan shows groundwater intersections, 

groundwater properties, the cover drilling plan, gas intersections (especially methane) and the virgin 

rock temperatures. 

The mine is divided into two zones based on the geology and historic hydrogeological information 

which define the risk of disruptive groundwater intersections (Figure 31). The two zones are the 

single cover, and the double cover zones. The single cover zone starts at 3 Level (approximately 

150 mbgl) and ends at 14 Level (approximately 900 mbgl). Extensive mining has taken place across 

this zone and as a result the classification applies mainly to the eastern edge of the mine. The 

western and central part was mined out in the 1980s-1990s and most of the historical water 

intersections have been grouted (M. Moyo, personal communication, 2022). Some of the cover 

drilling data were not recorded even though water was intersected. There are five water-prone zones 

demarcated on the plan, particularly at the centre of the mine, but no details are given. 

The double cover zone starts at 15 Level (approximately 970 mbgl) and extends to the bottom of the 

mine at 20 Level, approximately 1300 mbgl. In this zone, relatively recent expansion of the mine 

into virgin ground has taken place. A better record of groundwater intersections is also found in this 
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zone. Water intersections are generally found in cover holes across the haulage excavations. They 

tend to be associated with calcite-rich joints and leucocratic rocks in the footwall of the UG1. 

Another important component of the water plan is the virgin rock temperature (VRT) plan (Figure 

32). As would be expected with a normal geothermal gradient, the VRT increases with depth. The 

VRT closer to surface on 3 Level is 26°C and steadily increases to over 46°C at shaft bottom on 20 

Level. Recorded water temperatures vary between about 21°C close to surface and 45°C on 19 

Level. This implies a direct relationship between VRT and groundwater temperature. 

 

Figure 32: The Virgin Rock Temperature layer of the water plan. 

In terms of spatial distribution, the most prominent water intersections are recorded on 18-19 Level 

east haulage, 53E to 55E Merensky stopes across all levels, and the western haulages approaching 

the Show-Stopper Fault and Middellaagte Graben (Figure 20 and Figure 33). A prominent 

anomalous area is the 17/49E Merensky stope. The stope is not connected to any known water-

prone geological structure, but a surface borehole is continuously bringing water into the stope. 

Other notable mining excavations with water ingress are:  

¶ 17/40E Merensky Stope, 

¶ 41E Line Across all levels (in the vicinity of the Show-Stopper Fault), 

¶ 19/45E UG2 Stope, and, 

¶ 17W Haulage. 
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Figure 33: Areas with recorded prominent groundwater intersections: (1) 18E and 19E Haulages, (2) 53E-55E Lines, (3) Show-Stopper Fault 

area, (4) Western haulages approaching Middellaagte Graben, and (5) 17/49E MER stope. Other notable areas: (A) 17/40E MER 

Stope, (B) 19/45E UG2 Stope, and (C) Historic intersections in the middle of the mine. 
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The water plan is revised annually with new intersections added from the mining and drilling 

activities of the previous year. For the year 2020-2021, the following water intersections were 

recorded: 

¶ 15/41A Xcut North: Warm water dripping from the hanging wall in the vicinity of the Show-

Stopper Fault, 

¶ 15/41EA diamond drilling into the Show-Stopper Fault, 

¶ 15/51E Bullnose: Water dripping from the haulage hanging wall, 

¶ 19/45E 4W UG2 Panel: Water dripping from the hanging wall, and, 

¶ 17/40E 3E and 5E Merensky Panel: Water dripping from the hanging wall. 

No new prominent, flowing intersections were recorded; however, all these new intersections fall 

within the prominent areas described above. The lack of new prominent intersections due to mining 

could be ascribed to the fact that mining occurred only in the UG2 under the mined-out Merensky 

stopes. No ñvirgin groundò mining or development took place during the 2021-2022 production 

year. 

3.2.2 The Borehole Database 

The borehole database at Dishaba Mine consists of approximately 5000 boreholes. The most 

notable groundwater intersections from boreholes are located within the prominent areas described 

above i.e., on 19 Level Haulage, 54E Line and 41E Line. On 19 Level, the most intersections are 

through the ring cover and cover holes. These are boreholes drilled relatively flat along the HLGE 

and crosscuts. The intersections are largely along the footwall of the UG1. 

Numerous prospect holes were drilled specifically to dewater the 54E Line. These extend from 10-

16 Level. Figure 34 shows an example of ring cover holes drilled into the hanging wall of 13/54E 

Crosscut. The three holes in the example were drilled along the direction of mining, towards the 

south-easterly direction as well as in the south-westerly direction. 
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Figure 34: An example of ring cover drilling. (A) Plan view and (B) a representative section of 

the same area (not to scale). 

Boreholes drilled from surface (surface holes) make up approximately a quarter of the overall 

borehole database. These holes are drilled across the mine lease area in active and inactive farming 

areas above the mining excavations. The surface holes are generally drilled ahead of mining for 

resource classification and delineation of geological structures. Mining excavations expose historic 

surface holes. These exposures are known to have water ingress as water builds up inside the holes. 

Historically, only the top 50 m of surface holes were plugged with cement. This was mainly to 

cover the weathered zone. With the continued exposure of surface holes with water running into 

mine workings, it became obvious that surface holes act as conduits for groundwater from the 

weathered zone, rain or even possibly irrigation, to reach the deep mine workings. A decision was 

taken to fully grout the entire length of any surface borehole to minimise groundwater ingress into 

the mine workings (M. Moyo, personal communication, 2020). Figure 35 shows the locations of the 

surface holes drilled across Dishaba Mine and their sealing status as at the end of 2021. 
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Figure 35: Sealing status of surface boreholes across Dishaba Mine.
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3.2.3 The Geology Plan 

The geology of the mine is recorded in two digital plans, one for the Merensky Reef horizon and the 

other for the UG2 Reef horizon. Off-reef excavations (e.g., haulages and crosscuts) are shared for 

the mining of either reef type, and therefore share the same geological information. The Merensky 

Reef at Dishaba Mine has been mined since the late 1970s while mining of the UG2 only started in 

the early 2000s. In 2020 the mine moved to a 100% UG2 mining underground and a far smaller 

amount of the Merensky Reef (just over 30 000 m2) was mined in the open pit. 

As a result of relatively more mining of the Merensky, there is far more information on the 

Merensky Reef horizon than on the UG2 Reef horizon. The Merensky Reef horizon plan does, 

however, have a shortage of geological data in areas mined prior to say 2003. This is possibly due 

to a shortage of resident mine geologists in the mining industry at the time (M. Moyo, personal 

communication, 2022). 

Figure 13 shows the distribution of major faults and dykes on the Merensky reef horizon. Various 

linear structures (joints, shears, veins, dykes, and faults), reef disturbances (potholes, slumps, and 

reef rolls), lithological units and drilled boreholes are all recorded on the geology plan. 

In addition to geological features, water intersections are also recorded in the geology plan. Figure 

36 shows an example of groundwater information recorded on the geology plan. The individual or 

small-scale water records build up to a water plan and the water intersections can be extracted on 

their own without geology information (Figure 20), this allows for simpler spatial analysis of 

groundwater intersections. 

 

Figure 36: An example of water information recorded on the geology plan. 
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3.2.4 Flow Meter Data 

Several flow meters are installed at the mine, mainly along the different decline shafts and the 

Vertical Shaft. These flowmeters monitor water sent down to underground workings and water 

pumped out from the underground. The difference between the volumes of water sent down and 

water pumped out is assumed to be due to groundwater ingress. For this project, the focus is on the 

#2 Vertical Shaft data because this is the deepest shaft and accesses the deepest fractured aquifer. 

Figure 37 shows the flowmeters data recorded in the #2 Vertical Shaft between January 2017 and 

September 2022 by the Water Resources Engineer of Dishaba Mine. ñColumn A and Bò is the total 

water pumped from the shaft, ñWater Down Shaftò is the amount of service water sent down the 

shaft and ñIngressò is the estimated groundwater ingress into the mine. Figure 37 shows that the 

estimated groundwater ingress varies between 15 500 to 19 000 m3/d. A detailed analysis of the 

data was carried out with the results presented in the following chapter. 

 

Figure 37: A plot of flow meter data from #2 Vertical Shaft. 

3.2.5 Underground Mapping 

Underground visits were carried out to identify areas with groundwater inflows, to obtain field 

measurements pertaining to groundwater intersections, and to sample the water. Most of the water 

intersections indicated on the geology maps and water plan in Figure 20 have been sealed-off for 

ventilation control or grouted to allow for dry mining conditions. The areas described below (shown 

in Figure 48) were found to have significant groundwater flows. 
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3.2.5.1 3/62E Haulage 

3 Level 62E Haulage is located in the upper eastern section of the mine at approximately 148 mbgl 

at an elevation of 789 mamsl (Figure 38). There is water flowing from behind a ventilation wall. 

Using a V-notch (Figure 39), the flow rate was found to be about 3312 L/h. 

 

Figure 38: Plan view of the location of the 3/62E sample. 

 

Figure 39: Photographs showing V-notch placement (left) and measuring (r ight) at 3/62E. The 

ventilation control wall made of bricks can be seen in the background on the right. 


























































































