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Introduction

In 1993 a gold mining rock-related fatal
accident database was established by CSIR:
Division of Mining Technology as part of a
SIMRAC research project (Roberts1). The
database contains detailed information of all
rockfall and rockburst fatal accidents since
1990, and to date encompasses 1950 rock-
related fatalities. This paper was compiled in
the year 2000 and the database was complete
up to 1998. The production information was
obtained from the mines on a shaft-by-shaft
basis for each year.

In order to analyse the database in a
meaningful way, the annual number of
fatalities needs to be normalized with respect
to production data. The normalizing
production data used for this purpose is square
metres mined. The fatality data is then
normalized and expressed as ‘fatalities per
million square metres mined’. Normalizing the
fatality data with square metres mined negates
the effect of fluctuating production levels
during the period under review. 

Although statistics of accidents occurring
on all reef horizons have been analysed
individually, priority has been given to four
reef types, namely the Ventersdorp Contact
Reef, Carbon Leader Reef, Vaal Reef and Basal
Reef. The data for the remaining reefs, such as
the Kimberly, Composite, Main, Deelkraal,
Elsburg, Kloof, South, Beisa, Middle, Leader
and Pyrite Reefs, are lumped into a category
referred to as ‘other reefs’. 

As background to the more detailed
analyses presented later and to provide an
overall picture of the rock-related accidents in
the gold mines between 1990 to 1998 all
information is presented in Figure 1. This
includes the accidents which occurred in
tunnels and other off-reef excavations as well
as the accidents in stopes which are the main
concern (focus) of this paper. All other
analyses, Figures and Tables deal specifically
with stope-related accidents with the exception
of Table I.

Data analysis

Fatality trend analysis by reef type

It is useful to contrast the rockfall fatalities
with rockburst fatalities. This is shown in
Figure 1 as fatalities per million square metres
mined for both rockfall fatalities and rockburst
fatalities from 1990 to 1998 (a total of 1950
rock-related fatalities occurred during this
period). A combined total of the fatalities is
also shown for each individual year. Also
shown in Figure 1 is the trend in fatality rate
from 1990 to 1998. A least squares trend line
has been fitted to the data, bounded by
maximum-minimum 80 per cent confidence
envelopes. These show that the average
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decrease of the total rock-related fatality rate is 2.3 per cent
per year and, considering the scatter of the data, it can be
stated with 80 per cent confidence that the average decrease
is between 1.0 per cent and 3.6 per cent per year. 

Individual reefs have been evaluated in a similar manner,
an example being the Ventersdorp Contact Reef shown in
Figure 2. Here the average decrease in the rock-related
fatality rate is 8.5 per cent per year (80 per cent confidence
the average decrease is between 4.4 per cent and 12.5 per
cent per year). Figures 3, 4, and 5 show the fatality trends
associated with the Carbon Leader Reef, the Vaal Reef and
the Basal Reef. For these reefs the fatality rate per million
square metres mined have at times fluctuated widely from
one year to the next. Of concern is the Carbon Leader Reef,
which exhibits a comparatively high fatality rate (the average
is in excess of 30 fatalities per million square metres mined),
and the Vaal Reef, which indicates a significant increase in
the normalized fatality levels. 

Analysis by location of fatalities

Figure 6 shows the percentage of total rock-related fatalities
according to location. It is evident that, as in previous
analyses (Roberts1), the major problem area is in stope
panels (54 per cent of all rock-related fatalities occur in stope
panels). Of these, approximately 89 per cent occur in the face
area (within 2.5 m of the stope face) and only 11 per cent in
the back areas. The strike gully is associated with the
second-highest number of fatalities (15.4 per cent). It is
notable that, out of the five main hazard areas, the strike
gully is the only location where more fatalities occur due to
rockbursts, as opposed to rockfalls. 

The results of the analyses of 1950 fatalities are
summarized in Table I, and indicate that the problematic area
is the stope panel. 

Fatalities versus distance from stope face

In order to determine the distance from the stope face at
which falls are more likely to happen, the distances of the
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Figure 1—Total rock-related fatalities normalized with respect to square
metres mined (all reefs)
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Figure 2—Total rock-related fatalities normalized with respect to
square metres mined (Ventersdorp Contact Reef)
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Figure 3—Total rock-related fatalities normalized with respect to
square metres mined (Carbon Leader Reef)

Figure 4—Total rock-related fatalities normalized with respect to
square metres mined (Vaal Reef)
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fatalities from the face were analysed for each reef for the
period 1990 to 1998. These analyses were done on the
fatalities that occurred in the immediate stope face vicinity
and stope back areas. This information was then normalized
to the production in square metres. 

From the results it is evident that, with the exceptions of
Vaal Reef and Basal Reef rockbursts, most fatalities occur
between 1 m to 2.5 m behind the face. Further fatal accident
enquiry observations revealed that a significant percentage of
all rockfall fatalities are associated with early examination
and barring during the re-entry period. In most cases, the

temporary support (such as mine poles or mechanical props)
in this region is removed at the end of each shift before
blasting. This causes the workers to be exposed to an
unsupported hangingwall beam, which exacerbates the
rockfall hazard during re-entry.

The distance at which most rockburst fatalities occur on
the Vaal Reef is approximately 3 m to 4 m from the stope
face. This suggests that the shakedown phenomenon during
rockbursts is more of a problem than face bursting, and that
more attention needs to be given to support spacing and areal
coverage in the design of support systems for this reef. 

Fatalities in stopes on different reefs and a proposed
rock-related risk for individual reefs

It is of interest to determine the number of rock-related
fatalities in stopes per million square metres mined for the
gold mining industry over the period 1990–1998. The data
are given in Table II. Considered here is the total number of
rock-related fatalities that occurred in stopes over this period
on a year-by-year basis. Also shown is the total stope
production in terms of square metres mined on a year-by-
year basis.

Note that the average number of fatalities per million
square metres mined from 1990 to 1998 is calculated by
dividing the total number of fatalities by the total square
metres mined (i.e. in Table II: 1596 / 132.56 = 12.0). This is
not the same average calculated by summing the fatalities per
million square metres for each year, and dividing by the
number of years (9 in this case). In the latter case the contri-
bution to the average from each year is weighted equally. For
the remainder of this document the former method of
calculating the average is applied. 

Table II shows that rock-related fatalities per million
square metres mined range from 14.0 in 1993 to 8.4 in 1997.
The average over the 1990–1998 period is 12.0 rock-related
fatalities per million square metres mined. 

The data for individual reefs are presented in the same
format as in Table II. The Carbon Leader Reef data are shown
in Table III. This shows that rock-related fatalities per million
square metres mined range from 45.7 in 1996 to 16.9 in
1994; the average over the 1990–1998 period is 31.4.

The Ventersdorp Contact Reef data are shown in Table IV.
This shows that rock-related fatalities per million square
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Figure 5—Total rock-related fatalities normalized with respect to
square metres mined (Basal Reef)

Figure 6—Fatalities categorized according to location
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Table I

Percentage of total rock-related fatalities according
to location, rockburst and rockfall

Rockburst (per cent) Rockfall (per cent) Total (per cent)

Stope 24.4 29.6 54.0
Strike gully 8.6 6.8 15.4
Centre gully 1.5 2.5 4.0
Haulage 3.1 3.1 6.2
Crosscut 2.1 4.4 6.5
Other 5.1 8.8 13.9

Table II

Stope rock-related fatalities and square metres 
mined during 1990 to 1998 (all reefs)

Year Production RB RF RB+RF Fatalities
(million m2) fatalities fatalities fatalities per million m2

1990 18.70 112 119 231 12.4
1991 17.08 91 143 234 13.7
1992 16.78 121 95 216 12.9
1993 16.11 118 107 225 14.0
1994 15.47 75 90 165 10.7
1995 13.64 65 92 157 11.5
1996 12.72 53 95 148 11.6
1997 11.75 42 57 99 8.4
1998 10.31 52 69 121 11.7
Total 132.56 729 867 1596 -
Aver./year 14.70 81 96.3 177.3 12.0
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metres mined range from 30.8 in 1992 to 11.1 in 1997, the
average over the 1990–1998 period is 19.1.

The Vaal Reef data are shown in Table V. This shows
that rock-related fatalities per million square metres mined
range from 18.6 in 1998 to 6.4 in 1995. The average over
the 1990–1998 period is 10.7

The Basal Reef data are shown in Table VI. This shows
that rock-related fatalities per million square metres mined

range from 13.3 in 1995 to 4.7 in 1998; the average over the
1990–1998 period is 7.7

The data from other reefs are shown in Table VII. This
shows that rock-related fatalities per million square metres
mined range from 12.6 in 1991 to 5.3 in 1998. The average
over the 1990–1998 period is 8.6.

The variation in the number of rock-related fatal
accidents per million square metres mined is considerable,
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Table V

Stope rock-related fatalities and square metres 
mined during 1990 to 1998 (Vaal Reef)

Year Production RB RF RB+RF Fatalities
(million m2) fatalities fatalities fatalities per million m2

1990 3.54 18 18 36 10.2
1991 3.34 8 26 34 10.2
1992 3.23 10 20 30 9.3
1993 3.11 16 22 38 12.2
1994 2.53 5 21 26 10.3
1995 2.34 3 12 15 6.4
1996 2.15 15 13 28 13.0
1997 2.01 9 12 21 10.4
1998 1.35 7 18 25 18.6
Total 23.60 91 162 253 -
Aver./year 2.62 10.1 18 29.1 10.7

Table VIII

Average stope rock-related fatalities per million
square metres mined during the years 1990 to 1998
for the gold mining industry, as well as for the
individual reefs

Year Industry Carbon VCR Vaal Basal Other
Leader Reef Reef Reef reefs

1990 12.4 30.9 24.1 10.2 5.5 10.8
1991 13.7 32.8 18.8 10.2 9.5 12.6
1992 12.9 36.1 30.8 9.3 5.8 8.0
1993 14.0 32.4 23.4 12.2 10.4 9.6
1994 10.7 16.9 22.0 10.3 7.3 7.2
1995 11.5 34.2 14.7 6.4 13.3 7.9
1996 11.6 45.7 13.7 13.0 7.6 7.3
1997 8.4 19.1 11.1 10.4 5.4 5.8
1998 11.7 33.8 15.8 18.6 4.7 5.3

Table VII

Stope rock-related fatalities and square metres 
mined during 1990 to 1998 (other reefs)

Year Production RB RF RB+RF Fatalities
(million m2) fatalities fatalities fatalities per million m2

1990 7.88 24 61 85 10.8
1991 6.42 18 63 81 12.6
1992 6.03 15 33 48 8.0
1993 5.81 17 39 56 9.6
1994 5.94 7 36 43 7.2
1995 5.16 14 27 41 7.9
1996 4.95 3 33 36 7.3
1997 4.30 5 20 25 5.8
1998 4.0 5 16 21 5.3
Total 50.48 108 328 436 -
Aver./year 5.6 12 36.4 48.4 8.6

Table III

Stope rock-related fatalities and square metres 
mined during 1990 to 1998 (Carbon Leader Reef)

Year Production RB RF RB+RF Fatalities
(million m2) fatalities fatalities fatalities per million m2

1990 1.36 37 5 42 30.9
1991 1.25 34 7 41 32.8
1992 1.19 34 9 43 36.1
1993 1.02 30 3 33 32.4
1994 0.89 12 3 15 16.9
1995 0.76 19 7 26 34.2
1996 0.70 20 12 32 45.7
1997 0.68 11 2 13 19.1
1998 0.71 11 13 24 33.8
Total 8.56 208 61 269 -
Aver./year 0.95 23.1 6.8 29.9 31.4

Table IV

Stope rock-related fatalities and square metres 
mined during 1990 to 1998 (Ventersdorp Contact Reef)

Year Production RB RF RB+RF Fatalities
(million m2) fatalities fatalities fatalities per million m2

1990 1.91 31 15 46 24.1
1991 2.18 19 22 41 18.8
1992 2.34 58 14 72 30.8
1993 2.61 40 21 61 23.4
1994 2.55 43 13 56 22.0
1995 2.52 22 15 37 14.7
1996 2.41 15 18 33 13.7
1997 2.53 17 11 28 11.1
1998 2.78 27 17 44 15.8
Total 21.83 272 146 418 -
Aver./year 2.42 30.2 16.2 46.4 19.1

Table VI

Stope rock-related fatalities and square metres 
mined during 1990 to 1998 (Basal Reef)

Year Production RB RF RB+RF Fatalities
(million m2) fatalities fatalities fatalities per million m2

1990 4.01 2 20 22 5.5
1991 3.90 12 25 37 9.5
1992 3.98 4 19 23 5.8
1993 3.55 15 22 37 10.4
1994 3.56 8 18 26 7.3
1995 2.86 7 31 38 13.3
1996 2.51 0 19 19 7.6
1997 2.22 0 12 12 5.4
1998 1.49 2 5 7 4.7
Total 28.08 50 171 221 -
Aver./year 3.12 5.6 19 24.55 7.7



both if the average number of fatalities per reef is considered
over the period 1990 to 1998, and if any given year is
considered. Table VIII shows the average stope rock-related
fatalities per million square metres mined for the years 1990
to 1998 for the gold mining industry, as well as for the
individual reefs. Figure 7 shows this in graphical form.

If the stope rock-related fatalities per million square
metres mined for the gold mining industry as a whole is
compared to individual reefs, then substantial differences
appear. It is therefore possible that an individual reef can be
compared to the whole industry and a ‘stope rock-related
risk’ can be attributed to the individual reef. The ‘stope rock-
related risk’ or SRRR1 is a number determined by the
following:

[1]

Table IX shows the ‘stope rock-related risk’ for individual
reefs and these data are shown graphically in Figure 8. It can
be noted that the ‘stope rock-related risk’ for the Carbon
Leader Reef and the Ventersdorp Contact Reef is consistently
above 1 over the period 1990 to 1998. Apart from one year,
the Carbon Leader Reef rating is above 2.

By definition the ‘stope rock-related risk’ compares the
fatalities occurring on an individual reef with the fatalities
occurring across the industry. However, within the industry
data there is a contribution by the reef that is being
measured. The ‘stope rock-related risk’ could be more
meaningful if the contribution by the reef being measured
was removed and this reef could then be compared to the rest
of the industry. This will redefine the ‘stope rock-related
risk’, SRRR2, as:

[2]

In Table X the industry stope rock-related fatality rate is
contrasted to (i) the industry minus the Carbon Leader Reef
data, and (ii) the Carbon Leader Reef data. Also shown are
the SRRR1 and SRRR2 values from 1990 to 1998. This shows

that the ‘stope rock-related risk’ of the Carbon Leader Reef
exceeds the rest of the industry by a factor of 1.7 to 4.8, with
an average factor SRRR2 = 3.0 (based on the 1990–1998
data), thus emphasizing the higher rock-related risk
associated with mining the Carbon Leader Reef.

The relationship between rockfalls and rockbursts
and individual reefs

Table XI shows the total number of square metres mined for

SRRR1 =

stope fatalities per million square 
     metres mined on reef A

stope fatalities per million square 
metres mined (industry - reef A)

SRRR1 =

stope fatalities per million square 
metres mined for a particular reef

  stope fatalities per million square
metres mined for the whole industry

Rock-related fatality trends in the South African gold mining industry
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Figure 7—Average stope rock-related fatalities per million square
metres mined during the years 1990 to 1998 for the gold mining
industry, as well as for the individual reefs
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Figure 8—The ‘stope rock-related risk’ for individual reefs for the period
1990 to 1998
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Table X

The rock-related fatality rate for the industry, the
industry excluding the Carbon Leader Reef (Ind. excl.
CLR) data, the Carbon Leader Reef (CLR), SRRR1

and SRRR2

Year Industry Ind. excl. CLR CLR CLR CLR
(Fatalities per (Fatalities per (Fatalities per SRRR1 SRRR2

million m2) million m2) million m2)

1990 12.4 10.9 30.9 2.5 2.8
1991 13.7 12.2 32.8 2.4 2.7
1992 12.9 11.1 36.1 2.8 3.2
1993 14.0 12.7 32.4 2.3 2.5
1994 10.7 10.4 16.9 1.6 1.6
1995 11.5 10.2 34.2 3.0 3.4
1996 11.6 9.6 45.7 3.9 4.8
1997 8.4 7.8 19.1 2.3 2.5
1998 11.7 10.1 33.8 2.9 3.4
Aver./yr 11.9 10.6 31.3 2.6 3.0

Table IX

The stope rock-related risk for individual reefs
(SRRR1)

Year Carbon VCR Vaal Basal Other
Leader Reef Reef Reef reefs

1990 2.5 1.9 0.8 0.4 0.9
1991 2.4 1.4 0.7 0.7 0.9
1992 2.8 2.4 0.7 0.4 0.6
1993 2.3 1.7 0.9 0.7 0.7
1994 1.6 2.1 1.0 0.7 0.7
1995 3.0 1.3 0.6 1.2 0.7
1996 3.9 1.2 1.1 0.7 0.6
1997 2.3 1.3 1.2 0.6 0.7
1998 2.9 1.4 1.6 0.5 0.5
Aver./year 2.6 1.6 1.0 0.7 0.7
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the period 1990 to 1998 and the total number of fatalities
due to rockbursts and rockfalls over the same period for the
various reefs. Also shown are the rockburst and rockfall
fatality rates in terms of fatalities per million square metres
mined over this period.

The high rockburst fatality rate of 24.1 fatalities per
million square metres mined on the Carbon Leader Reef is
immediately apparent. However, of interest is the similarity
in the number of rockfall fatalities in terms of a million
square metres mined that have occurred on all the reefs. The
figure of around 6.7 fatalities per million square metres
mined due to rockfalls appears independent of depth and
could be a function of the mining method used by South
African gold mines.

Conclusions

Rock mass instabilities continue to be the single largest
cause contributing towards the injuries and fatalities suffered
by the workforce during deep-level gold mining operations in
South Africa. The objective of maintaining and expanding the
rock-related fatal database is to review rock-related fatality
statistics and trends associated with South African gold
mining since 1990. The database contains detailed
information of all rockfall-/and rockburst-related fatal
accidents since 1990 and, inclusive of the 1998 data,
encompasses 1950 fatalities. The output of the work is the
identification of potentially hazardous reefs and workplaces,
which will assist in focusing on problem areas and directing
research needs. Specifically, based on the findings of this
work, the following conclusions can be drawn.

Normalized data for all reefs indicate a mean annual
decrease in rock-related fatalities of 2.3 per cent per annum.
The predominant reason for the decline in fatalities is a
significant decrease in the rockburst-related fatalities
associated with mining the Ventersdorp Contact Reef (VCR).
It is strongly recommended that additional work be
conducted to establish the cause and origin of the decrease in
VCR rockburst fatalities, and to employ similar measures, if
appropriate, on the remaining reefs. The number of rock-
related fatalities of the Carbon Leader Reef and Basal Reef
have not shown a clear upward or downward trend since

1990. The Vaal Reef is showing an upward trend over the
period under review. 

Of the total number of rock-related fatalities that occurred
in the gold mining industry, 54 per cent are due to rockfalls,
while 46 per cent are due to rockbursts. This ratio has not
changed significantly over the past nine years and is of
concern as, with improved technology, it would have been
assumed that the more tractable rockfall problem would show
a continuous downward trend in rockfall-related fatalities.
The reason for this lack of (significant) improvement needs
to be determined. 

The reef associated with the most fatalities is the
Ventersdorp Contact Reef (418 for 1990–1998). However,
when fatality figures are normalized with respect to square
metres mined, the Carbon Leader Reef is the most hazardous
reef to mine, with a particularly large proportion of
rockburst-related fatalities. 

A ‘stope rock-related risk’ (SRRR1) is defined, which
compares the stope fatalities occurring on an individual reef
with the fatalities occurring across the industry in terms of
the number of stope rock-related fatalities per million square
metres mined. A more specific ‘stope rock-related risk’
(SRRR2) is further defined, where the stope rock-related
fatalities per million square metres mined on a particular reef
is compared to that of the industry minus that reef’s data.
This was done for the Carbon Leader Reef, which showed
that the SRRR2 values range from 1.6 to 4.8 times higher
than the fatality rate in the rest of the industry over the
period 1990 to 1998, and averages 3.0 over this period. This
indicates the relatively high rock-related risk associated with
mining the Carbon Leader Reef during this period. 

It must, however, be noted that some mines stoping on
the Carbon Leader Reef have recently changed from longwall
mining to sequential grid mining and other limited span
mining methods. The success of these changes can be
evaluated, as above, when sufficient data are available.
Another approach has been based on backfill. Recently, some
mines stoping longwalls on the Carbon Leader Reef have
rigorously employed a strategy of placing a high percentage
of backfilling in the stopes and getting it close to the face. In
time, the success of this strategy will be evaluated but initial
results are promising.
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Table XI

The contrast between the rockfall and rockburst
fatalities per million square metres mined for the
various reefs

Reef Million m2 Rockfall Rockburst Rockfall Rockburst
type mined from fatalities fatalities fatalities fatalities

1990–1998 per million per million
m2 mined m2 mined

Carbon Leader 8.56 61 208 7.1 24.1
VCR 21.83 146 272 6.7 12.5
Vaal Reef 23.60 162 91 6.8 3.9
Basal Reef 28.08 171 50 6.1 1.8
Other reefs 50.48 328 108 6.6 2.0
Total 132.56 868 729 Aver.: 6.7 Aver.: 8.9


