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 The average depth to dolomite bedrock for the area north of the Hennops 

River (Lyttelton Agricultural Holdings, Die Hoewes and Doringkloof) is 14,5 m 

below ground surface (from 2445 boreholes). 

 

From the Dolomite Bedrock Depth map, the following are noted in the area south of 

the Hennops River: 

 The borehole points are sparsely spaced and large areas are not covered by 

any boreholes. 

 The depth to bedrock map in this area therefore does not give a realistic view 

of the actual conditions present, but since it is the only data available one can 

assume that the general depth to bedrock is deeper in the area south of the 

Hennops River than in the northern part.   

 Dolomite bedrock is mostly situated between 20 m and 35 m below ground 

surface. 

 Shallow dolomite bedrock is present in the southern most corner of the 

Centurion CBD area, towards the intersection between the Ben Schoeman 

and Danie Joubert Freeways, which correlates well with the Oaktree 

Formation. 

 Areas of deeper dolomite bedrock are present in the area of Kwikkie Street 

(Hennopspark) and Dadelboom Street (Zwartkop). 

 The average depth to dolomite bedrock in the area south of the Hennops 

River is 22,5 m below ground surface (from 304 boreholes).   

 

Graph 2 indicates the difference in dolomite bedrock depth distribution for the areas 

north (Lyttelton Agricultural Holdings) and south of the Hennops River.   

 

From this graph it is evident that the dolomite bedrock depth in the area north of the 

Hennops River is generally shallow with 60,4% of the boreholes encountering 

dolomite bedrock at a depth of less than 15 m below surface.  In the area south of 

the Hennops River, the bedrock is generally at an intermediate depth with 39,8% of 

the boreholes encountering dolomite bedrock at depths between 20 m and 35 m 

below surface.   
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5.2. Gravity Data 

 

The residual gravity lines, from the Relly investigation (1976) are indicated on 

Plate 14.  Relly has described the pattern of gravity contours to be extremely 

complicated reflecting complexities in the distribution of subsurface mass and in 

particular reflecting great variations in the depth of the dolomite sub-surface.   

 

Gravity is used as a tool to indicate areas of low and high density material.  A gravity 

high usually implies an area where high density material is present, i.e. dolomite 

bedrock is shallow and similarly a gravity low implies an area of lower density 

material such as a void or thick wad or even dense bedrock but at depth.   

 

In this study the gravity was not used as part of assessing the dolomitic conditions, 

due to the limited area for which gravity is available.   

 

The residual gravity generally indicates an area of gravity lows and steep gradients, 

especially in the north-eastern and the eastern corners.  A broad gravity low, 

extending northwest-southeast is present along the western boundary (towards the 

Hennops River) of the gravity survey area, followed by an area of a broad gravity 

high in the centre of the gravity survey area, also stretching northwest-southeast in 

the area of Wren Street in the south to North street in the north.  The north-eastern 

boundary of the gravity survey is mainly characterized by some gravity low areas.   

 

Some of the gravity low areas do correspond to areas of deeper dolomite bedrock, 

which include: 

 The large gravity low feature trending north-south running from Rabie to Von 

Willich Street (marked 1);  

 The smaller gravity low feature immediately east of the intersection between 

Lenchen and West streets (2);  

 Between Rabie and Alethea Streets (3) in the north; and 

 The area at the corner of Clifton and Gerhard streets (4).  

 

The only gravity high that corresponds well to an area of shallow bedrock is present 

at the corner of South and Von Willich Streets (5), and to a lesser extent does the 

gravity high immediately west of Rabie street (6) correspond with the bedrock depth.    
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The gravity does not correlate well with the dolomite bedrock map and this could be 

because the gravity points are widely spaced (45 m), and the borehole points are not 

equally spaced.   

 

5.3. Sinkhole Database 

 

A total of 119 sinkholes have been recorded in the Centurion CBD area since the 

early 1970’s to date, the positions of which are indicated on Figure 6.  The sinkhole 

record, held by the CGS is still under review and a large number of the sinkholes do 

not have a complete record.  The sinkhole record is presented in Appendix C.  It 

should be noted that the sinkhole database is confidential and not readily accessible 

to the public.  Therefore, limited information is presented in this dissertation on the 

exact positioning of sinkhole occurrences.  

  

5.3.1. Nature of Sinkhole Occurrences in the Centurion CBD and surrounding areas 

 
The following were derived from the sinkhole database: 

 The largest reported sinkhole is S41, with dimensions of 32 m x 23 m.  This 

sinkhole is situated in Lyttelton and occurred as a result of a broken water 

pipe. 

 The deepest reported sinkhole is S49 that is 10 m deep.  This sinkhole 

occurred as a result of a leaking sewerage pipe. 

 Only 1 sinkhole (S45) has occurred through syenite, situated close to the 

John Vorster and Jean Avenue intersection (No detailed information is 

available regarding this sinkhole event). 

 A total of 110 sinkholes (92%) occurred in the Monte Christo Formation 

whereas only 8 sinkholes (7%) occurred in the Lyttelton Formation.  No 

sinkholes occurred in the Oaktree Formation.  See Table 18 below for the 

number of sinkhole events that have occurred in each of the geological 

successions or formations in the Centurion CBD area (from the available 

unpublished 2528 CC Centurion geology map).  

 Only 1 sinkhole (S45) has occurred south of the Hennops River. 

 The oldest known sinkhole (S15) occurred on 24 March 1971 and the most 

recent sinkhole (S109) occurred on 23 September 2011. 

 90 (75,6%) of the database have information regarding the type of the event 

that occurred.  From this available information, 57 (63,3%) of the events were 
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5.4. Sinkhole Size Distribution 

 

Buttrick and van Schalkwyk (1995) proposed a scale of sinkhole sizes based on the 

potential development space of a sinkhole, as indicated in Table 11.  This table was 

slightly amended by Buttrick et al. (2001) and has widely been used to refer to a 

specific sinkhole size.  Table 19 below shows the scale sinkhole sizes as proposed 

by Buttrick et. al. (2001). 

 
Table 19. Suggested scale of sinkhole sizes (Buttrick et. al, 2001) 

Maximum potential 

development space 

Maximum diameter of surface 

manifestation (dimension: 

metres) 

Suggested terminology 

Small potential 

development space 
<2 Small sinkhole 

Medium potential 

development space 
2 - 5  Medium-size sinkhole 

Large potential 

development space 
5 – 15 Large sinkhole 

Very large potential 

development space 
> 15 Very large sinkhole 

 

From the available information in the database, Graph 6 shows the size distribution 

of the sinkholes in the Centurion CBD area, based on the sizes indicated in Table 19.  

Just less than half of the sinkholes (49,1%) in the area are between 2 m and 5 m in 

diameter (i.e. medium size sinkholes), followed by large-sized sinkholes being almost 

a third of the available sinkhole sizes (30,2%).  Small sinkholes constitute 15,1 % of 

the events with only 5,7 % of sinkholes being more than 15 m in diameter, i.e. very 

large sinkholes.   

 

Graph 7 indicates the sinkhole size distribution using the available sinkhole database 

of the Centurion CBD.  Surprisingly, almost 10% (9,4%) of the sinkholes which 

occurred were smaller than 1 m in diameter.  Almost a third (28,3%) of the sinkholes 

in the Centurion CBD area are sized between 2 m and 3 m, followed by 13,2% of 

sinkholes sized between 3 m and 4 m.  Only 17% of all sinkholes were larger than 10 

m in diameter, whereas 83% of the sinkholes are sized 9 m or less in diameter.  This 

graph confirms that medium sized sinkholes (2 m - 5 m) dominate in the Centurion 

CBD area.    

 

It should be noted that these graphs only presents the available information (45% of 

records), using limited information. 
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5.5. Size of sinkhole occurring compared against depth of dolomite bedrock 

 
One of the most important factors of the proposed ‘Modified Method of Scenario 

Supposition’ is the depth to dolomite bedrock, as it is assumed that the depth to 

dolomite bedrock has a direct influence on the size of sinkhole that could develop.  

Table 20 below shows the suggested depth of dolomite bedrock and hence the size 

of sinkhole that is expected.   

 
Table 20. Suggested depth of dolomite bedrock scale influencing size of 
sinkhole expected 

Depth of dolomite bedrock below 

surface (metres) 

Expected sinkhole size (metres)  

(Based on the Suggested scale of sinkhole 

sizes (Buttrick et. al, 2001)) 

0 – 5 < 2 

5 – 20 2 - 5 

20 – 35 5 – 15 

> 35 >15 

 

Using the proposed sinkhole sizes, as indicated in Table 20 above, the actual data 

from the Centurion CBD, using only known sinkhole diameters are indicated in Table 

21 below.   

 

Table 21.  Comparison between dolomite bedrock depth and sinkhole size 
within the Centurion CBD area 

1 2 3 4 5 

Depth of 

dolomite 

bedrock 

below surface 

(metres) 

% of boreholes 

intersecting 

dolomite 

bedrock at 

depth intervals 

in Column 1 

Expected 

sinkhole size 

(metres) 

% of 

sinkholes 

at specific 

size 

interval in 

Column 3 

% variance 

0 – 5 19,3 % < 2 15,1 % 4,2 % 

5 – 20 52,9 % 2 - 5 49,1 % 3,8 % 

20 – 35 20,5 % 5 – 15 30,2 % 9,7 % 

> 35 7,3 % >15 5,7 % 1,6 % 

Column 2: Data obtained from Graph 1 
Column 4: Recorded sinkhole diameters in the Centurion CBD, as indicated in Graph 6 
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In general, the sinkhole size distribution corresponds well with the dolomite bedrock 

distribution, as indicated in Table 21.  The largest variance (9,7%) occurs with large 

size sinkholes (5 m – 15 m) where not a good correlation exists with the boreholes 

intersecting dolomite bedrock between 20 m and 35 m.  For small size sinkholes (> 

2 m), fewer sinkholes occurred than the occurrence of shallow dolomite (> 5 m).  The 

best correlation is for the very large size sinkholes (> 15 m) where a difference of 

only 1,6% is recorded.     

 

The relative good correlation for all sinkhole sizes except the large size sinkholes as 

indicated in Table 21, support the fact that the depth of the dolomite bedrock does 

have an influenced in the size of sinkhole that could develop.   

 

This needs however to be verified with actual data from investigations conducted 

next to sinkholes that have developed in the past.  This was not addressed during 

this study.   

 

6. HAZARD CLASSIFICATION MAP 

 

A total of 3333 boreholes (93%) were used to compile an Inherent Hazard Class 

zonation map (Figure 7).  Prior to 2004, a 30 m blanketing layer was considered 

adequate and so it became the norm to drill up to a depth of 30 m even if dolomite 

bedrock was not encountered (pers. Comm., SP Kok 2012).  Some boreholes in the 

Centurion CBD area were also terminated at very shallow depths, i.e. 10 m.  As a 

result, 7 % of the boreholes could not be used to determine the Inherent Hazard 

Class.  After each of the boreholes was assigned an Inherent Hazard Class, a 

zonation map was compiled. This map has been compiled using the Spatial Analyst® 

extension of ArcGIS 9.3®, as explained in Section 4.3 of the dissertation.  This 

method interpolates between data points and if no data exists, nearby data is used to 

determine the hazard of sinkhole formation in the area. 

 

The hazard map (Figure 7) generally indicates a medium to high hazard for the 

formation of sinkholes in the Centurion CBD and surround areas with pockets of low 

hazard areas.  The largest area of high hazard conditions, Inherent Hazard Class 

(IHC) 6 to IHC 8 is present in the area immediately north and east of the Hennops 

River and Centurion Lake.  The largest area of low hazard conditions is present in 

the area of Zwartkop (south of the Hennops River).  The low hazard class areas (IHC 

1 and IHC 2) are generally areas where syenite was encountered in the boreholes, 

and therefore represent syenite dykes or sills of a substantial thickness.   



 

Figu
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From the sinkhole hazard map, the following are noted in the area north of the 

Hennops River: 

 More data points are available, which explains the variability in this area over 

smaller distances, i.e. the hazard of sinkhole formation changes over short 

distances from low to high hazard conditions, and this is especially present in 

the areas of the Lyttelton Agricultural Holdings and Die Hoewes.   

 Towards the north-eastern boundary of the Centurion CBD area low to 

medium hazard conditions prevail where no IHC 8 conditions are present, 

though this could be due to a paucity of data or a change in dolomite 

formation.   

 Small patches of low hazard conditions are present in patches across the site 

with the largest area north of the Hennops River being present in the area of 

Doringkloof.  

 

From the sinkhole hazard map, the following are noted in the area south of the 

Hennops River: 

 Less data points are available, therefore larger areas represent similar hazard 

conditions. 

 This area generally represents low and medium hazard conditions (IHC 1 to 

IHC 4) with some areas where IHC 5 and 6 conditions are present.   

 Towards the southernmost corner of the Centurion CBD area, towards the 

intersection between the Ben Schoeman and Danie Joubert Freeways, IHC 5 

(i.e. shallow dolomite conditions, high hazard for small size sinkhole) prevail, 

which correlates well with the Oaktree Formation which is present in this area.   

 Only small isolated patches of IHC 7 conditions are present in this area.   

 

Graph 8 and Table 22 indicate the distribution of the hazard classes in the Centurion 

CBD area.  Most of the boreholes (953) were classified as IHC 3 followed by IHC 4 

(857) and IHC 5 (672).  This corresponds well with the dolomite bedrock distribution 

that indicates that the most boreholes encountered dolomite bedrock between 5 m 

and 10 m which is in general classified as IHC 3 or IHC 5.    

 

Table 22 indicates the percentage of each IHC in the Centurion CBD area.  The 

Inherent Hazard Classes are grouped together to indicate Low (IHC 1 and IHC 2), 

Medium (IHC 3 and IHC 4) and High (IHC 5 to IHC 8) hazardous conditions.  Half of 

the area is classified as having a medium hazard, with 50,46 % of the boreholes 

representing IHC 3 and IHC 4 conditions, whereas 39,03 % of the area is classified 

as having a high hazard.  Only 10.51 % of all the boreholes indicated a low hazard 

for sinkhole formation.   
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Avenue.  Smaller areas of high hazard conditions are present and scattered across 

the centre of the Centurion CBD area.  Only small areas of low hazard are present, 

mainly in Zwartkop and Doringkloof.   

 

This map has been used to calculate the coverage of each of the Inherent Hazard 

Classes, and the surface areas of each of the Inherent Hazard Classes and the 

respective percentage thereof is given below in Table 23: 

 
Table 23. Coverage of each hazard class in the Centurion CBD area 

Inherent Hazard Class Surface Area (Hectares) 
Percentage Cover in 

Centurion CBD Area 

Low 73 4,4 % 

Medium 1111 67 % 

High 473 28,6 % 

 

It is evident that two thirds of the Centurion CBD area represents a medium Inherent 

Hazard for sinkhole formation.  Almost a third of the area can be considered as 

having a high Inherent Hazard for the formation of sinkholes with only a small portion 

of the area (4,4%) representing low hazard conditions.   

 

6.1. Comparison between the CBD Hazard Map and Sinkhole Occurrence 

 

The 119 sinkholes that occurred in the Centurion CBD area were plotted on Figure 8 

to compare the occurrence of sinkholes against the low, medium and high hazard 

areas.  Table 24 below shows the number of sinkholes in each of the hazard areas. 

 
Table 24. No of sinkholes that have occurred in each of the hazard areas 

Inherent Hazard Class  No of Sinkholes Sinkholes as Percentage 

Low 0 0 % 

Medium 83 69,7 % 

High 36 30,3 % 

 

 



 

 

Figure 8: Simplified Inherennt Hazard MMap with SSinkhole occcurences

81 
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The comparison between the Hazard map and the previous occurrence of sinkholes 

does not correlate well.  The map does show that no sinkholes occurred in the areas 

classified as having a low hazard for sinkhole formation, which suggest that the 

delineation of low hazard areas was accurate and that the classification system 

define these areas well.  Surprisingly, a vast majority (69,7%) of the sinkholes in the 

Centurion CBD area occurred in areas classified as having a medium hazard for the 

formation of sinkholes.  This could suggest that medium hazard areas are equally 

vulnerable to sinkhole formation as high hazard areas or that the hazard map does 

not provide a good indication of the actual hazard conditions.  But it must also be 

borne in mind that two thirds of the Centurion CBD area is considered to have a 

medium susceptibility for the formation of sinkholes.   

 

6.2. Recommended Development Types 

 

Using the Hazard Classification map, recommendations can also be made to what 

type of development would be suitable in the Centurion CBD area.  The CGS aligns 

itself with the draft SANS 1936-1:2012 document which indicates permissible land 

usage that are suitable for the eight Inherent Hazard Classes.  Tables 1 and 2 from 

the draft SANS 1936-1:2012 document is attached in Appendix D of the dissertation.  

Table 2 from draft SANS 1936-1:2012 specify that the proposed land use is 

permissible when a Dolomite Area Designation of D2 or D3 is indicated, conditional 

to the precautionary measures as stipulated in the draft SANS 1936-3:2012.  Land 

uses where a Dolomite Area Designation of D4 is indicated for certain Inherent 

Hazard Classes, is considered not suitable for development and site specific 

precautionary measures is required.  The definitions of the Dolomite Area 

Designations of D1 to D4 are indicated in Table 1 of the draft SANS 1936-1:2012, as 

attached in Appendix D.  Table 25 below shows a summary of type of development 

allowed on each Inherent Hazard Class.   

 
In general, the permissible land uses can be summarized as follows: 

 Most Residential development types are allowed on IHC 1 to IHC 5.  Some 

restrictions are placed on IHC 2 to IHC 5. 

 Most Commercial development types up to three storeys are allowed on IHC 

1 to IHC 6. 

 Parking areas and garages are allowed on IHC 1 to IHC 6. 

 Roads, railway lines, bulk pipelines, runways and pump stations are allowed 

up to IHC 6. 
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Table 25. Permissible land usage as indicated in the draft SANS 1936-1:2012 
document 

IHC 
Infrastructure Type Allowed  

(D1 to D3) 

Infrastructure Type Not Allowed  

(D4) 

1 
C1, C2, C3, C4, C5, C6, C7, C8, 

RH2, RH3,RL1, RL2, RN1, RN2, 

RN3, IN1, IN2, IN3, IN4, IN5 

RH1 

2 
C1, C2, C3, C4, C5, C6, C7, C8, 

RH2, RH3, RL1, RL2, RN1, RN2, 

RN3, IN1, IN2, IN3, IN5 

RH1, IN4 

3 
C1, C2, C3, C5, C6, C7, C8, RH3, 

RL2, RN2, RN3, IN1, IN2, IN3, IN5 
C4, RH1, RH2, RL1, RN1, IN4 

4 
C1, C2, C3, C5, C6, C7, C8, RH3, 

RL2, RN2, RN3, IN1, IN2, IN3, IN5 
C4, RH1, RH2, RL1, RN1, IN4 

5 
C1, C2, C3, C5, C6, C7, C8, RH3, 

RL2, RN3, IN1, IN2, IN5 

C4, RH1, RH2, RL1, RN1, RN2, IN3, 

IN4 

6 C2, C3, C6, C7, C8, IN1, IN5 
C1, C4, C5, RH1, RH2, RH3, RL1, RL2, 

RN1, RN2, RN3, IN2, IN3, IN4 

7 C6 
C1, C2, C3, C4, C5, C7, C8, RH1, RH2, 

RH3, RL1, RL2, RN1, RN2, RN3, IN1, 

IN2, IN3, IN4, IN5 

8 None  

C1, C2, C3, C4, C5, C6, C7, C8, RH1, 

RH2, RH3, RL1, RL2, RN1, RN2, RN3, 

IN1, IN2, IN3, IN4, IN5 

Note that only the designation are provided in this table and the full description of each type is 

available in the complete table in Appendix C 

 

For the purpose of this study Residential and Commercial Land use types are 

generally present in the Centurion CBD area and are foreseen for the near future.  

Figures 9(1) and (2) indicates which areas will be suitable for these types of 

development. 

 

From Figure 9 (1) it is clear that: 

 No areas were classified as IHC 1, and therefore no areas in the Centurion 

CBD area can be developed as such.  Small areas are present for the 

development types proposed for Inherent Hazard Classes 1 and 2 as 

indicated on Figures 9(1) - 2.    

 Large areas are suitable for residential type developments as shown on 

Figure 9(1) - 3, especially in the Zwartkop, Doringkloof and Lyttelton Manor 
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suburbs.  IHC 4 land is suitable for almost all types of residential development 

except those of higher densities such as high rise developments, RL1 and 

RN1. 

 Although large areas on Figure 9(1) - 4 is shown as suitable for development, 

this is mostly for commercial type developments, as several restrictions are 

placed on IHC 5 land in terms of residential development.  IHC 5 land is not 

suitable for high density type residential developments, and the only 

residential type developments allowed are RH3, RL2 and RN3.   

 All types of commercial developments, except C4 type developments are 

suitable on Inherent Risk Classes 1 to 5 (Figure 9(1) - 4).  

 Figure 9(1) - 4 shows that the area surrounded by the Centurion Lake would 

be more suitable for commercial type developments, and residential type 

development would be more suitable towards the outer boundary of the 

Centurion CBD area.   

   

From Figure 9 (2) it is clear that:  

 Most areas in the Centurion CBD area are suitable for Commercial or 

Industrial type developments.   

 No residential type developments are allowed on IHC 6 and higher (Figures 

9(2) - 1 and 2).  The large areas considered suitable for development in 

Figures 9(B) - 1 and 2 are mostly for commercial type developments.   

 Small scattered areas were classified as IHC 8 (indicated as red on Figure 

9(2)-2, where no development would be suitable.   

 

Development is not considered suitable in IHC 8 land and therefore no map was 

created for IHC 8 land.  The reason behind the fact that IHC 8 land is considered not 

suitable for any type of development is that each hazard class corresponds to a size 

of sinkhole that can develop, i.e. in IRC 7 areas a sinkhole of up to 15 m in diameter 

is expected.  In IRC 8 areas a sinkhole of up to 40 m in diameter is expected and no 

foundation system currently exists to ensure safe designs in such areas.   

 

The conclusion can be made that should the Centurion CBD area evolve into a CBD 

area such as Sandton City, the majority of the CBD (area surrounded by the 

Centurion Lake) would be suitable for most types of developments, hence high rise 

commercial type developments is suitable up to IRC 6 land.  Residential type 

developments would be more suitable toward the outskirts of the CBD area, in the 

areas of Die Hoewes, Lyttelton Manor, Doringkloof and Zwartkop.  All areas though 

require special precautionary measures and special foundation measures to ensure 
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that sinkhole formation does not occur, and if so, that it does not cause any large 

scale destruction or loss of life.   

 

The draft SANS 1936-1:2012 does make provision for development on the areas 

assigned a Dolomite Area Designation D4 (i.e. areas previously considered not 

suitable for development), but site-specific precautionary measures such as special 

foundation designs and water precautionary measures are required.  All these ‘D4’ 

developments are subject to external review by a suitably qualified geo-professional, 

as stipulated in the draft SANS 1936-1:2012.  The conditions for development of ‘D4’ 

land are stipulated in Section 4.3.4 in the draft SANS 1936-1:2012 (Attached in 

Appendix D).  A total of 2 developments have been supported by the CGS in the 

Centurion CBD, which followed the ‘D4’ process.   
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7. DETERMINATION OF THE HAZARD OF SINKHOLE FORMATION 
USING VARIOUS METHODS 

7.1. Sinkhole Database  

 

Buttrick and van Schalkwyk (1995) indicated that the number of ground-movement 

events could be predicted based on statistics of inappropriate and poor service 

design and management over a 20 year period (Table 13).  These results were 

based on data from a limited study area within Pretoria.   

 

The Centurion CBD area is considered to have adequate design parameters and risk 

management plans in place for most of the area.  Therefore, this area is considered 

not be an ‘abused’ land use situation which was used in the Buttrick et al. (1995) 

study, but more controlled and well managed in terms of water bearing services, 

foundation design and use of land.   

 

In this study, the conventional method proposed by Buttrick et al. (1995) will be used 

as well as a back analysis method, where the existing sinkhole record is compared 

with Buttrick and van Schalkwyk’s (1995) predicted sinkhole occurrence.  

Unfortunately, as much of the data does not have dates of occurrence, the outcome 

is indicative only. 

 

7.1.1. Method Proposed By Buttrick et al. (1995) 
 

By using Table 13, as proposed by Buttrick and van Schalkwyk (1995) the expected 

number of sinkholes can be predicted in the Centurion CBD area for the low, medium 

and high hazard classes.   

 

The areas of each of the hazard classes in the Centurion CBD area are as follows 

(Table 26): 

 
Table 26. Area of the different hazard classes in the Centurion CBD area 

Hazard Class Area (ha) 

Low 73 

Medium 1111 

High 473 
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Therefore, the actual expected number of sinkholes in each of the hazard classes 

should be as follows (ha x value in Table 13): 

Low Hazard  - 0    sinkholes  

Medium Hazard - 78  sinkholes 

High Hazard  - 331 sinkholes 

Total   - 409 sinkholes 

 

Therefore, this method indicates that a total of 409 sinkholes could have been 

expected over the last 20 years in the Centurion CBD area.  This figure indicates that 

the expected number of sinkholes predicted per hectare, as proposed by Buttrick and 

van Schalkwyk (1995), is almost four times more than what was actually recorded.  

This predicted number of sinkholes, especially for the high hazard areas does 

therefore not reflect actual conditions encountered in the Centurion CBD area.   

 

According to Table 24 the actual number of sinkholes that have occurred in each of 

the hazard classes are: 

Low Hazard  - 0 sinkholes  

Medium Hazard - 83 sinkholes 

High Hazard  - 36 sinkholes 

 

There is a relative good correlation between the predicted number of sinkholes 

against the actual number of sinkholes for the medium hazard areas, 78 predicted vs. 

the 83 occurred (it should be noted that the predicted number of sinkholes is for a 20 

year period, whereas the actual number of sinkholes occurred, occurred over a time 

period of at least 40 years).  In the medium hazard areas, 7 sinkholes have occurred 

prior to 1990 and 2 post 2010 (those of known the dates).  Therefore, 78 were 

predicted for a 20 year period, against 74 occurrences in 20 years.   

 

There seems to be no correlation between the predicted and actual number of 

occurrences for the high hazard areas.   

 

It should be noted that since the sinkholes are not evenly distributed across the 

Centurion CBD area, a 20 hectare test site was not used in order to ‘evaluate’ the 

values provided in Table 13.  If a 20 hectare site is selected in the Centurion CBD 

area, it could either have no sinkholes or have several sinkholes, depending on the 

positioning of the test site and for this reason; this method has not been tested in 

such a way.   
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7.1.2. Back Analysis Method 
 

A total of 119 sinkholes have occurred in the entire Centurion CBD area, covering a 

surface area of 1657 hectares, i.e. 1 sinkhole in every 13,9 hectares or 0,07 events / 

ha.  This occurred over a period of almost 40 years.  Only 70 (58%) sinkholes that 

occurred in the Centurion CBD area have known dates of occurrence. If the time 

period is ignored, the number of actual events indicates that the Centurion CBD area 

can be viewed as having a medium hazard for the formation of sinkholes, as per 

Table 13 (Medium hazard = 0,07 events per hectare). 

 

If a 20 year period is considered, from 1990 to 2010, only 52 sinkholes have occurred 

in the Centurion CBD area, i.e. 1 sinkhole every 31,86 hectares or 0,03 events / ha.  

Compared to the Buttrick et al. (1995) table, this indicates that the Centurion CBD 

area is classified as having a low to medium hazard of sinkhole development.  

 

If it is assumed that the entire database represents a period of 40 years, and 119 

sinkholes have occurred during this period a total of 0,04 events per hectare have 

occurred during a 20 year period (0,07 events per 40 years, i.e. 0,04 events per 20 

year period).  This confirms that the Centurion CBD area could be classified as 

having a low to medium hazard in terms of sinkhole development.   

 

To make a rational back analysis of the Buttrick et al (1995) predicted sinkhole 

occurrence, the sinkhole record needs to be comprehensive.  The back analysis 

method indicates that the Centurion CBD area can generally be classified as having 

a low hazard for the formation of sinkholes, using two different methods. 

 

The results of the back analysis method do not correlate well with the predicted 

sinkhole occurrence from Buttrick et al (1995) in the Centurion CBD area.  The 

Centurion CBD area is assumed to have a medium to high hazard for the formation 

of sinkholes from past experience, but the back analysis method indicates a low to 

medium hazard of sinkhole formation.  The following factors could have an influence 

on the outcome of the results of the back analysis method: 

 The area considered in the current study is too large and does not represent a 

pragmatic outcome, since sinkholes are not evenly distributed and land uses 

vary, compared to the area used by Buttrick et al (1995) where only certain 

portions of military land was used; 

 The sinkhole record is not accurate and not all the data has been collected in the 

Centurion CBD area, compared to the area used by Buttrick et al (1995) where a 

more reliable sinkhole database was used; 
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 The Centurion CBD area is situated in an area where dolomite risk management 

is taking place, i.e. storm water reticulation and improved water bearing services 

are present compared to the ‘abused’ area which Buttrick et al (1995) 

considered. 

 

7.1.3. Using the Hazard Class Areas to Calculate the Actual Number of Sinkholes per 
Hectare 
 

If the actual number of sinkholes is used to calculate the hazard of sinkhole formation 

in the Centurion CBD area for each hazard class (areas as per Table 26), it would be 

as follows: 

 

Low Hazard (0 sinkholes)   -  0 sinkholes per hectare 

Medium Hazard (83 sinkholes) - 0,074 sinkholes per hectare 

High Hazard (36 sinkholes)  - 0,076 sinkholes per hectare 

 

Once again, it should be noted that this is not for a 20 year period, as the data does 

not have all the dates of occurrence.  It is known that 9 sinkholes occurred outside 

the 20 year time period of 1990 to 2010 in the medium hazard areas.  Only two 

sinkholes occurred prior to 1990 in the high hazard areas.  Therefore, if the actual 

number of sinkholes (assuming all other sinkholes without dates occurred in the 20 

year period) is used, the actual occurrence of sinkholes in the Centurion CBD area is 

as follows: 

  

Low Hazard (0 sinkholes)   -  0 sinkholes per hectare 

Medium Hazard (74 sinkholes) - 0,067 sinkholes per hectare 

High Hazard (34 sinkholes)  - 0,076 sinkholes per hectare 

 

Based on the above calculations, there does not seem to be a substantial difference 

in the hazard of sinkhole formation in a ‘managed area’ between medium and high 

hazard areas.  Another influencing factor could be that the high hazard areas are 

generally not developed, whereas the medium hazard areas are densely developed.  

Even though municipal water bearing services are installed across the entire 

Centurion CBD area traversing low, medium and high hazard areas, less water 

connection points are generally present on the high hazard areas, since less 

development has taken place on these areas.   
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7.2. Other factors that have an influence on the outcome of the prediction of 

the hazard of sinkhole formation 

 

From the above methods it is clear that no “exact” method exists from the Scenario 

Supposition Method on the classification of land in terms of the hazard of sinkhole 

formation.  Other factors that were noted in the occurrence of sinkholes in the 

Centurion CBD area are the following: 

 

7.2.1. Geological Succession 
 
As indicated in Table 27, each geological formation has a different hazard for 

sinkhole formation.  This table was derived from the information in Table 18.  As 

expected, the number of events in the dolerite dykes, diorite / syenite intrusions and 

in the alluvial areas are much lower than those of the Lyttelton and Monte Christo 

Formations.  No sinkholes have occurred on the Oaktree Formation in this area, but 

this Formation only represents a very small portion of the Centurion CBD area.   

 

Table 27. Number of events per hectare for each geological succession  

Geological Succession / Formation Events per hectare 

Lyttelton Formation 0,09 

Monte Christo Formation 0,08 

Oaktree Formation 0 

Chert Breccia 0 

Dolerite  0,03 

Quartz – Diorite (Syenite intrusions) 0,03 

Alluvium 0,03 

 

The areas immediately underlain by ‘non dolomitic’ materials13 (i.e. Alluvium, syenite 

/ dolerite) correspond well with Table 13, and can be classified as areas representing 

a low to medium hazard for the formation of sinkholes.  The Lyttelton Formation 

shows a slightly higher hazard for the formation of sinkholes than the Monte Christo 

Formation.  These two dolomitic formations represent a medium hazard to the 

formation of sinkholes, as per Table 13.   

 

This method corresponds well with the numbers provided by Buttrick et al (1995) in 

Table 13, but as shown on Figure 8, these formations cannot be considered to have 

a single hazard rating, as areas of low to high are present in each of these 
                                                 
13 The entire area is underlain by dolomite at depth, and the geology map indicates the geological materials that 
are encountered at ground surface.  
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formations.  Therefore, although this method seems to provide a more realistic view, 

dolomite hazard conditions are not uniform for each geological formation and this can 

only be used as an initial indicative method. 

 
7.2.2. Areas North and South of the Hennops River 

 

As indicated in Section 5.3.1, only one sinkhole have occurred in the area south of 

the Hennops River, i.e. 1 event per 468 hectares or 0,002 sinkholes per hectare.  

Therefore this area could be considered as having a very low probability for the 

formation of sinkholes.   

 

The area north of the Hennops River cover a surface area of 1189 hectares and a 

total of 118 sinkholes have occurred in this area.  Therefore, this area constitutes 1 

event for every 10,07 hectares or 0,1 sinkholes per hectare.  The area north of the 

Hennops River can therefore be considered as having a medium to high hazard for 

the formation of sinkholes.   

 

7.2.3. Water Bearing Services 
 

The largest cause of sinkhole formation is leaking water bearing services. From 

Graph 4 it is noted that 40% of sinkholes in the Centurion CBD area occurred as a 

result of leaking services.   The following elements could have an influence in the 

occurrence of sinkholes: 

 The type and age of water bearing services in different townships.  For example, 

Lyttelton Manor was proclaimed as a township in 1908 (Schöning Msc Notes, 

1996) compared to the Doringkloof township which was proclaimed in 1970 

(Schöning Msc Notes, 1996).   Different types of services were installed as time 

passed.  The current norm in new townships (mostly outside the Centurion CBD) 

is to install High Density Polyethylene (HDPE) pipes whereas clay pipes were 

most commonly installed in older townships.  Schöning, 1996 indicated that that 

most sinkholes and dolines occurred in areas which have been in use prior to 

1950.   

 Volume and time period of leaking.  If water drips from a pipe over a long period 

of time, it would generally causes a subsidence or a sinkhole would occur over a 

prolonged period; whereas if a large diameter pipe burst and vast volumes of 

water is released, a sinkhole would occur over a short period of time.  An 

example in Centurion CBD of such a sinkhole is S106, which occurred after a 

main municipal water pipe burst and the sinkhole formed within a couple of hours 

(pers. Comm., A Sudu, 2010).   
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 Higher occurrence of sinkholes in municipal servitude areas.  Although this was 

not studied in detail in this dissertation, the general trend in the Centurion CBD 

area is that sinkholes occur along roads, in the servitude area of the water 

bearing pipes.  An example of such a sinkhole is the Jean Avenue sinkhole 

(S109) discussed in Section 5.3.3 of this dissertation.  When studying Figure 6 in 

detail, it is observed that there seems to be a general trend that some sinkholes 

occur linearly, i.e. along roads, for example, Sinkholes S2 to S98 in Jean 

Avenue.   

 

It should be noted that the effect of water bearing services (type, age, location etc.) 

on sinkhole formation and occurrence is only briefly discussed in this dissertation and 

more detailed studies could define a more realistic outcome.    

  

7.2.4. Basic Assumptions  
 

Various methods show variable probabilities for the formation of sinkholes in the 

Centurion CBD area.  There seem to be a good correlation between the number of 

events for the entire Centurion CBD area per hectare if no time period is associated 

with the data, but this does not give a realistic view (using the back analysis method).  

There is also a relatively good correlation in the hazard of sinkhole formation per 

geological succession, as the ‘non-dolomitic’ areas shows a low hazard and the 

dolomitic formations show a medium to high hazard.  The area south of the Hennops 

River has a very low hazard for sinkhole formation compared to that of the north of 

the Hennops River.  The reason behind this is not clear.   

 

Different areas within the Centurion CBD area will have different hazard ratings for 

sinkhole formation.  Therefore, it is quite difficult to propose a single rating for areas 

of low, medium and high hazard, as different factors have an influence.  Not all the 

factors have been considered here, as many more factors such as positioning of 

water pipes, age of pipes, density of occupancy and type of development (land use) 

have not been considered. 
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8. CONCLUSIONS 

 

1. The greater part of land in the area south of Pretoria is underlain by dolomite from 

the Chuniespoort Group of the Transvaal Supergroup.  In South Africa dolomite rock 

has a notorious reputation for the formation of sinkholes and subsidences.   

Thousands of people reside and work in the Centurion area, where numerous 

sinkholes have occurred causing damage and in some instances loss of property.   

 

2. The Gautrain train route now traverses across the Centurion CBD area, and the 

Centurion Station being situated in West Street, has attracted high rise developments 

to this area.  This will lead to an increase in the population which results in an 

increase in road traffic and density of people per hectare in this area.  CTMM actively 

supports and propels higher densities in the Centurion CBD area which has required 

the CGS to evaluate the sinkhole risk associated with this increase in development 

densities.   

 

3. Information for the Centurion CBD area has become available through the dolomite 

stability reports that are submitted to the CGS for peer review.  The availability of 

substantial data in digital format allowed the analysis and subsequent classification of 

the Centurion CBD area into the Inherent Hazard Classes, which delineate areas 

from low to high hazard of sinkhole formation on dolomitic land. 

 

4. The Centurion CBD area is underlain by dolomite and chert of the Malmani Subgroup 

of the Transvaal Supergroup.  The Monte Christo Formation covers the largest area 

of the Centurion CBD area whereas small areas are underlain by the Oaktree 

Formation in the south and the Lyttelton Formation in the north.  Syenite dykes and 

sills have intruded the dolomite rock. 

 

5. The Centurion CBD area is situated in two Dolomite Groundwater Compartments.  

The major portion is situated in the Fountains West Groundwater Compartment 

where the groundwater level is situated relatively deep (ranging from 48 m to 91 m 

below ground surface) and it is assumed that it is largely located within dolomite 

bedrock, as the average depth of dolomite bedrock is 15 m below ground surface.  A 

minor portion of the Centurion CBD area is situated in the Fountains East 

Groundwater Compartment where the groundwater level is situated relatively close to 

surface (ranging from 11 m to 20 m below ground surface) and assumed to be 

situated slightly above or at dolomite bedrock level. 
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Therefore, the overall hazard of sinkhole formation in terms of a dewatering scenario 

is generally considered to be low in the Fountains West Groundwater Compartment, 

and medium in the Fountains East Groundwater Compartment.   

 

6. Various classification systems have been proposed since the 1970’s in an attempt to 

evaluate the stability of sites on dolomite in South Africa.  The aim of these 

classification systems was to identify zones or areas of similar geological and 

geotechnical conditions and to assign a certain risk or hazard value to each zone 

accordingly.  Each of the classification systems has been well documented, and a 

summary of each are provided in the dissertation.   

 

Buttrick (1992) proposed the Method of Scenario Supposition and this became an 

‘accepted method’ to classify the risk of sinkhole formation in dolomite land in South 

Africa.   

 

7. Since there are no numerical limits to the Scenario of Supposition classification 

system, draft guidelines for allocation of each hazard class, based on experience, 

has been developed in this study. This is mainly based on the dolomite bedrock 

depth and the mobilization potential of the overlying horizons.  The size of sinkhole 

that could develop is inter alia a function of the depth of dolomite bedrock.  This 

method is not totally in line with the Method of Scenario Supposition, and therefore it 

has been referred to as the proposed ‘Modified Method of Scenario Supposition’. 

 

8. A total of 3587 boreholes are situated within the Centurion CBD area of 

approximately 1657 hectares, which constitute 2,16 boreholes per hectare.  A total of 

3333 percussion boreholes (situated in and in the immediate surrounds of the 

Centurion CBD area) were used to assess the dolomite stability conditions.  These 

boreholes were each classified in the eight different, Inherent Hazard Classes, using 

the proposed ‘Modified Method of Scenario Supposition’. 

 

The borehole points are not evenly distributed with fewer borehole points present in 

the area south of the Hennops River compared to north of the Hennops River in the 

Lyttelton Agricultural Holdings, Die Hoewes and the Lyttelton Manor residential 

areas.   

 

9. The depth to dolomite bedrock is very irregular in the Centurion CBD area with a 

minimum bedrock depth of 0 m and a maximum of 66 m.  The average bedrock 

depth of the area is 15 m below ground surface.  An assessment of the depth to 
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dolomite bedrock indicates that dolomite bedrock is generally shallow north of the 

Hennops River whereas it deepens in the area south of the Hennops River where 

moderate depth conditions were encountered.   

 

10. A dolomite bedrock elevation map was compiled which shows that the dolomite 

bedrock elevation generally follows the surface elevation, where a valley is present in 

the area of the Hennops River with higher gradients on either side of the river.  In the 

area south of the Hennops River the average dolomite bedrock elevation is 

1420 mamsl and in the area north of the Hennops River the average dolomite 

bedrock elevation is 1436 mamsl.  It is assumed that the dolomite bedrock elevation 

will not reflect the actual bedrock topography, due to the wide spacing of boreholes 

and the large scale at which the map was created.   

 

11. There is a good correlation between the depth to dolomite distribution and the 

sinkhole size distribution.  Buttrick et al. (2001) indicated that the size of sinkhole that 

could develop is a function of the depth to dolomite bedrock.  This is revealed in the 

Centurion CBD area, where 61,2 % of the boreholes intersected dolomite bedrock at 

a depth less than 15 m from ground surface and 64,2 % of the sinkholes is smaller 

than or equal to 5 m in diameter.  

 

12. The residual gravity (Relly, 1976) indicates generally an area of gravity lows and 

steep gradients, especially in the north-eastern and the eastern corners.  A broad 

gravity low, extending northwest-southeast is present along the western boundary of 

the gravity survey area, followed by an area of a broad gravity high in the centre of 

the gravity survey area, also stretching northwest-southeast in the area of Wren 

Street in the south to North street in the north.  The north-eastern boundary of the 

gravity survey is mainly characterized by some gravity low areas.  The gravity does 

not correlate well with the dolomite bedrock map and this could be because the 

gravity points are widely spaced (45 m), and the borehole points are not evenly 

spaced.  In this study, the gravity survey was not used in the assessment of the 

dolomite stability conditions, due to the limited area for which gravity is available.   

 

13. A total of 119 sinkholes have been recorded in the Centurion CBD area since the 

early 1970’s.  The average sinkhole depth is 3,3 m for the area whereas the average 

sinkhole size is 5,1 m.  Three lives have been lost as a result of a sinkhole in the 

area and a total of 7 houses or units had to be demolished. 

 

According to the information in the available databases, 40% sinkholes or 

subsidences formed as a result of leaking water bearing services, 29% as a result of 
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poor surface / storm water management and 22% as a result of inadequate or poor 

precautionary measures.  Only one sinkhole (2%) occurred as a result of a poorly 

backfilled borehole whereas 7% occurred as a result of poor subsurface conditions.  

Using this limited information (49% of the database) it is evident that 93% of the 

events in the Centurion CBD area occurred as a result of man’s disturbance of the 

natural ground conditions.   

 

Just less than half of the sinkholes, 49,1% in the area are considered as being 

medium size sinkholes, with 30,2 % classified as large-sized sinkholes.  Small 

sinkholes constitute 15,1 % of the events with only 5,7 % of sinkholes being more 

than 15 m in diameter, i.e. very large sinkholes. 

 

14. The hazard map of the Centurion CBD area generally indicates a medium to high 

susceptibility to sinkhole formation with pockets of low hazard areas.  Based on 

limited information, the following conclusions could be made from the hazard 

classification of Centurion CBD and surrounding areas: 

 The conditions are not as poor as was always perceived. 

 The largest area of high hazard conditions is present in the area immediately 

north and east of the Hennops River and Centurion Lake.   

 The largest area of low hazard conditions is present in the area of Zwartkop.   

 The Centurion CBD area is mostly represented by medium hazard conditions 

(Inherent Hazard Classes 3 and 4), which constitutes 50,5% of the boreholes in 

the area.   

 Only 2,3% of the boreholes in the Centurion CBD area were classified as 

Inherent Hazard Class 1, whereas 2,8% of the boreholes were classified as 

Inherent Hazard Class 8.  

 Almost two thirds of the Centurion CBD area represents a medium hazard for 

sinkhole formation, with almost a third of the area considered as having a high 

hazard for the formation of sinkholes and only a small portion of the area (5%) 

representing low hazard conditions.   

 

15. The comparison between the hazard map and the previous occurrence of sinkholes 

does not correlate well.  The map does show that no sinkholes occurred in the areas 

classified as having a low susceptibility to the formation of sinkholes, which suggest 

that the areas of low hazard were delineated well and that the classification system 

define these areas well.   

 

The vast majority (70%) of the sinkholes in the Centurion CBD area occurred in 

areas classified as having a medium hazard for the formation of sinkholes, which 
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could suggest that medium hazard areas are equally vulnerable to sinkhole formation 

as high hazard areas.  Another influencing factor could be that the high hazard areas 

are generally not developed, whereas the medium hazard areas are densely 

developed.  The position, volume, type and age of wet services also contribute to the 

type, size and time of sinkhole formation.  This is only briefly discussed in this 

dissertation and not studied in detail.   

 

16. Recommendations regarding the various types of land uses are made.  In general, 

the majority of the Centurion CBD and surrounding areas would be suitable for most 

types of residential and commercial type developments, with commercial type 

developments being more suitable in the CBD area, surrounded by the Centurion 

Lake and residential type developments being more suitable towards the outskirts. 

 

17. Buttrick and van Schalkwyk (1995) indicated that the number of ground-movement 

events could be predicted based on statistics of inappropriate and poor service 

design and management over a 20 year period. Using this method, a total of 409 

sinkholes should have occurred over the last 20 years in the Centurion CBD area.  

Compared to actual data, a total of 119 sinkholes have occurred over a period of 40 

years in a ‘well-managed area’ where appropriate foundation and service designs are 

present.   

 

18. Using the Buttrick et al. (1995) system where the anticipated number of sinkholes in 

a low, medium and high risk area can be determined, the Centurion CBD area can be 

classified as a low to a medium hazard area, as 0,03 events per hectare have 

occurred in the past 40 years in the area.  This figure may be unrealistic, since many 

of the sinkhole data points do not have all the relevant information to make precise 

comparisons. If no time period is correlated to the sinkhole events, the number of 

actual events indicates that the Centurion CBD area can be viewed as having a 

medium hazard for the formation of sinkholes, at 0,07 events per hectare. 

 

Using the actual number of sinkholes that have occurred in the Centurion CBD area, 

the number of sinkholes per hectare was calculated over a 20 year period.  This 

indicates that 0,067 sinkholes occurred in the medium hazard areas whereas 0,076 

sinkholes occurred in the high hazard areas.  Therefore, there does not seem to be a 

substantial difference in the hazard of sinkhole formation in a ‘well-managed area’ 

between medium and high hazard areas. 

 

Although there is no substantial difference in sinkhole occurrence between medium 

and high hazard areas in the Centurion CBD area, it does indicate that there is a 
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lower probability of sinkhole formation in this area than the area used by Buttrick 

(1992), referred to as the abused land situation.  Centurion CBD and surrounding 

areas may perhaps not realistically be a ‘well-managed’ area, but more water 

precautionary measures and rational foundation designs were implemented in this 

area than the area used by Buttrick (1992).  Therefore, this confirms that less 

sinkholes occur in areas where appropriate precautionary measures are 

implemented.  Better managed services may need a different approach to correlate 

the Inherent Hazard Class and events in future.    

 

19. Application of different methods of sinkhole prediction shows that various parameters 

have an influence on the hazard of sinkhole formation for areas considered as low, 

medium or high hazard.  In the Centurion CBD area, the area south of the Hennops 

River shows a very low hazard for sinkhole formation, compared to the area north of 

the Hennops River.  Different geological formations also show variable hazard 

ratings, and the Lyttelton Formation proves to have a slightly higher hazard for 

sinkhole formation as the Monte Christo Formation, although it is still considered as 

mainly a medium hazard for sinkhole formation.   

 

20. The hazard classification map shows that the Centurion CBD area can mainly be 

classified as having a medium to high hazard for sinkhole formation, although 

calculations using the actual sinkhole events show the area can be classified as a 

low to medium hazard for sinkhole formation.  The reasoning behind this could be 

explained as follows: 

a) The method used to classify the boreholes is too conservative, and the actual 

hazard for sinkhole formation is much lower. 

b) Not all the sinkhole events were recorded in the Centurion CBD area which 

causes the calculations to show a lower probability of sinkhole occurrence.  

 

21. Overall, the hazard for sinkhole formation in the Centurion CBD area does not 

correlate well with the method proposed by Buttrick and van Schalkwyk (1995).  

According to the anticipated number of events by Buttrick and van Schalkwyk far 

more sinkholes should have occurred in the high hazard areas.  In contrast, the most 

sinkholes in the Centurion CBD area occurred in the areas classified as having a 

medium hazard for sinkhole formation.  This could be ascribed to the following 

factors: 

a) The Scenario Supposition Method by Buttrick and van Schalkwyk (1995) is 

based on a military area, north of the Centurion CBD area.  This military area is 

mainly situated on the Eccles Formation, whereas the Centurion CBD area is 
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mainly situated on the Monte Christo Formation and to a lesser extent the 

Lyttelton and Oaktree Formations. 

b) Development on the high hazard areas are not as common as on the medium 

and low hazard areas, therefore, not as many services are present on the high 

hazard areas and the probability of a leaking pipe is lower.  This will reduce the 

probability of a sinkhole occurring.  

c) The probability of sinkhole occurrence is not dependant on the classification of a 

specific area, but merely the consequence of a certain event happening, such as 

a leaking pipe.  This would imply that a sinkhole will occur on a medium or high 

hazard area if a leaking pipe and some compressible subsurface material is 

present.  

 

22. Based on the results of this study, it would seem that there is not a good comparison 

between a ‘well-managed’ area and the abused land situation (used by Buttrick, 

1995).  It seems the hazard for sinkhole formation in medium and high hazard areas 

is generally the same (0,07 events per hectare in a 20 year period) in the ‘well-

managed’, Centurion CBD area. 
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