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ABSTRACT

A detailed study was undertaken to investigate the seismicity of the Welkom,

O.F.S. goldfields. The aim was to obtain a better understanding of the 

relationship between mining and seismicity for this region and in particular 

the association of a damaging event which occurred on Dec. her 8, 1976.

Using a combined surface and underground seismic array of portable field 

equipment, two periods of activity wert recorded. The initial period from Dec­

ember to the 10 January displayed a similar distribution but lower 

level of seismicity than the second period, July 

No definite conclusions could be made about the location and cause of the

main event. Although after the event there was evidence of a destressed zone

between the Dagbreek fault and Enkeldoorn dyke which was coincident with the

underground and surface damage. 7t was also apparent from the study that

the surface damage had been inflr^nccd by the enhancement of surface energy 

in the unconsolidated Karoo overburden.

Analysis of the recorded seismic events demonstrated the influence of both 

the mining activity and geologi :.] structures on the stress adjustments. Geology 

was implicated by the unusu?l h' i. incidence of activity below the mining levels. 

A number of these deeper event '.Jfre associated with inferred major geological 

structures and composite strik r ' \ .«jurce mechanisms were markedly different 

to the normal source mechanist; he events associated with mining. As

well as this change in the str rientation for the deeper events the low

effective stress drops of 0.00■ to 0.1 bars combined with the large source 

dimensions were consistant with -he concept of control by a highly fractured 

geological environment.



vi

.ifc . ; - ?eisrai< it blaat »g ti ies implicated the mining, 

c-oinr ' . t.h• s peak for ".ae larger magnitude events indicated a 

ationsiv u<- :t t u 'i ><* iu- .’logical controlled stress

es;.!> .



‘0 • •' •-> > '9 ■'* r'is‘; i ::t wit . a lot...:;

magnitude , irr«d . i> *•» i ’ " r  i 4 ht vowr. of Welkom.

This event aad the signii: janci bfc-iij- ■ he argot* sing: «n> 

release t<> have ever occurreo in any che. -Jifcwatersranri <o.*c ini.niu;

-c:r-.■.lv. i■ *. -.ii-i.vasnesr an mrtacp culminated i.n the collapse

■ ve / uio< 4~ fiats, Tempest hoi: rad the occurrence or other

■ev -‘:ruct’ damage vi.ch.in Welkom, whilst anderground, although the 

■naije we■: v.s savers,one miner was killed and three others were 

Mapped by rockfalls. Th< v;;c and offects of this event dictated that 

possible nformatic' l>£ gathered about it in order to assess its 

ssible relevance to mining and thus to consider the possible reoccur- 

• ...nee o.' further activity of thi level, particularly with the ever 

.ncreasing depth and volume of mining. Actual assessment of the event 

vas. varied, even with respect, to the magnitude. A location of between 

" . tc /.? ,8°S and 26.6 to 26.8°E with constrained depths was provided 

iiffer. nt networks (locr.j and WWSSN) . Initial surface wave magnitude 

-..at- u,iver. , ater to be adjusted to 5.1 by the local Geological

urvey, while the International evaluation from body waves was 5.2 

reiiminary Determination of Epicentres, United States Geological Survey). 

'-plying Richter: relationship M - 0.661 + 1.0 to the maximum Mercalli 

- tensity of: V u  the local magnitude would be 5.6, it should however be

: that intensity values are affected by the local geology and this fact 

..as ‘ .-ar ! • ’hnwn by this study.

.it wa.. raised to what extent had raining contributed to the 

triggering of such an event? The available data could not easily answer 

the Anglo American Corporation of South Africa requested that



the Bernard Price Instit t j se

of the region. The philosophy behind this study was similar £a nat .*

to that carried out after whe Ceres Earthquake in 1969 -- -

1571), the initial objective being to locate a regi • -

vity which might: occur immediately after the main shock. This a£t< . 

activity could at scrae later stage

activity. In this way an attempt could be made to deli 

structural features and to assess to what degree, 

tectonic stresses has contributed 

tive lelays, recording only commenced 

three days after the main event. Tht:

missed, particularly as it became clear later pcssi1

aftershock sequence had followed the main 

Events were recorded by the South African

two hours after the mair. event , th .It

confirming the apparent

An initial phase of i t

hypocentres which had tw unusual chai . Lretly,

no evidence of a distinctive decay . •. .

large number of events had located well below i , • .

to seismic trends in other gold mining di

In mines such as East Rand Proprietar

and even Harmony to the south of Welkora, the principal rej orn... p.i 

activity occurred close to the stope faces, in particular, above t:hf 

(McGarr, 1971b; van der Hec. ver, 1978; Joughin, 1966). It wa 

proposed that a further period of recording (second phast) be implement : 

after a substantial time interval had elapsed. Thus, six months late: 

additional month of recorded activity enabled orap t n



Che assumed aftershock period in December and an incerval during wh 

only mine related activity was occurring.

Further examination of the data in the form of magnitude frequency 

relationships, focal mechanisms, source parameters and site effects 

was also undertaken. In this way compar* ns were obtained against 

similar data from other regions both locally and internationally.



V R E D E F O R T
D O M E

G E O L O G Y

not t h o w n  K A R O O

r ^ T i T R A N S V A A L

&  j
V E N T E R S D O R P

E l l
U P P E R  W l T W A T E R S R A N O

L O W E R  W I T W A T c R S R A N D

B B A S E M E N T

------------------- M a j o r  F a u l t s

- • 3 0

IliFS 

u B ot o l  1 L « a d « r

M I N E S T )

G I O G K A P H I C  AL

T O W N S  ■
W :  Wulkorn A . A II un t r i r i y  • 

O :  O d e n d c a l K u k  V; Vl ry | n l u

V6 4i'

_________________ /
O.F.S. GOLDfIELDS

K R U G E R S D O R P

W E S T
R AND

C E N T R A L  R A N O  
J o h  j i me s b t i r g

E.R. ^M.
W.D.L

B

*6°55

Figure 1.1 Locality and Geological Map of the Witwatersrand Basin and O.F.S. Goldfields. 

Ventersdorp, Transvaal and Karroo cover has been omitted.

(Abbreviations for mine names are : W Western holdings; W.G.M. Welkom Gold 

Mine; S.H. Saint Helena; P.B. PreBidet... Brand; P.S. President Steyn; H.G.M. 

Harmony Gold Mine.)



1. GEOGRAPHY AND MINE ACTIVITY

1.1 Locality and Coordinate Systems

Figure 1.1 shows the relationship of the Orange Free State Goldfields 

(O.F.S.), to that of the Witwatersrand Basin. The particular mines 

that were monitored during De:ember, January and July are shown in 

figure A1 - 3, (Appendix 1). The extremities and datum of this region 

both in mine and geographic coordinates, are provided in Table 1.

These coordinates are related by a Gauss Conform Projection using the 

'Lq ' coordinate of 27°E. The constants required for this transform 

are also supplied in Table 1. Mine coordinates will be used throughout 

the study.

TABLF 1 Reference Coordinates

Geographic 

Latitude Longitude

Mine Coordinates (Meters) 

+Y +X

Origin

Maximum

28° 3' 11" 26°47' 59" 

27° 54' 31" 26°40' 42"

2000 18000 

1400 2000

Transform Constants for L = 2 7

o

+X to Latitude * +17678.241 +Y to Longitude = +3086102.792

Mine Vertical Datum

Above mean sea level = 1828,8 m Above mean ground surface 

460 m



1.2 Environment

The terrain is extensively flat at an average elevation of 1340 m above 

sea level. The low annual rainfall of 491 mm falls during the summer 

months creating a relatively dry climate and correspondingly dry raining 

conditions.

1.3 Mining

The mines encompassed by this area are five controlled by the Anglo 

American Corporation (President Brand, President Steyn, Welkom Gold Mine, 

Western Holdings and Free State Geduld) and one Union Corporation mine 

(St. Helena). All <-f the mines are active gold mines. However, the degre 

of development is very varied and becr.use of the large /ertical displace­

ments of the main auriferous reef, the depth of mining is also very 

variable. A range of 39 mining levels occurring between depths of 1.5 

to 2.7 km below the datum with an average depth of 2.0 km. The mining 

depths o.' the other Witwatersrand mines referred to in this study vary 

between 1.5 to 4.0 kn.s. The mining methods are the same as those 

outlined by McGarr (1971b) and McGarr and Wiebols(1977) for the East 

Rand Proprietary Mine, (ERPM).
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2. GEOLOCICAL AND TECTONIC SETTING

2.1 Regional Geology

The Dominion Reef, Witwatersrand Supergroup and Ventersdorp Supergroup 

form a sequence of sedimentary and volcanic rocks which,because of 

their structural and aereal relationship, have been collectively called 

the Witwatersrand Triad. This Triad is considered to constitute a major 

geological cycle (Brock and Pretorius, 1964) which lies unconformably 

on basement granite, gneiss and schist of the Swaziland Supergroup and 

has been overlain by Transvaal and Karoo sequences, Table 2. The outer 

margin of the Upper Witvatersrand sediments define an oval shaped intra- 

cratonic basin, the Vitwafersrand Basin; which is located approximately 

between longitudes 26° 30'E and 29° 15'E and latitudes 26° 00'S and 

28° 15'S, Figure 1.1. The major axis of this basin is orientated NE-SW 

over a distance of 320 km and at its southern extremity mining of the 

auriferous Upper Witwatersrand conglomerates occurs in the region known 

as the Orange Free State Goldfields. The Witwatersrand Supergroup is

a succession of arenaceous and argillaceous sediments depo­

sited in a sedimentary basin, which nas not suffered any true orogenic 

deformation. Exposure of the sediments is mainly at the northern margin 

of the basin where extensive faulting and erosion has removed the younger 

rocks and in some instances the Upper Witwatersrand sequences as well.

One other outcrop of significance is in the central region of the basin 

where an upthrust of basement granite has penetrated and overthrown the 

sediments in a northerly and northwesterly direction. This feature is 

known as the Vredefort. Dome and has been considered to be the cause of some 

of the later stage (2000 rn.y.) tectonic tructures in the SW and NW 

margins of the basin (Threader, 1963). In whe O.F.S. Goldfields the
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Witwatersrand sediments are not exposed, they are covered by thin la­

yers of Ventersdorp and/or Karoo sediments. The Transvaal Supergroup 

being absent.

2.2 O.F.S. Goldfields - Geological Environment

The detailed geology of the Witwatersrand Triad as it occurs in the 

Orange Free State has been discussed in a number of papers and books 

(Coetzee, I960; McKinney et al. , 195A ; Brock and Pretorius, 1964; Houghton 

1969; Pretorius, 1979). In a study of the associated seismicity much 

of this material is not of direct relevance. However, there are four 

major aspects that should be reviewed, these are:

General structure 

Major lithological changes 

Tectonic activity and trends 

Intrus ives

The seismolcgical significance of these are two-fold. The first 

to determine a simplified structural model for locating hypocentres, 

the second to understand the geological implications on the seismicity. Table

2 has been prepared from a number of references in an attempt to sum­

marize the above and other signif*' ant aspects of the O.F.S. geology.

2.2.1 Genera 1 Strut t m e

Figure 2.1 shows a schematic East-West: section of the southwestern edge 

of the Witwatersrand Basin. This section can be subdivided into a number 

of major components or episodes. The earliest and broadest of these is 

a north plunging syncline of Witwatersrand and Ventersdorp rocks. Along 

the west side of the syncline's central axis an upthrown block of Lower

9
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Figure 2.1 Schematic East-West 9eccion of the southwestern edge of the Witwatersrand Basin



Witwatersrand and Upper Ventersdorp has formed the De Bron horst.

This has subdivided the syncline into a western and eastern graben, 

the horst-graben boundaries being the De Bron and Homestead faults 

(Figure 1.1), Various periods of faulting have then complicated the. 

graben. This commenced with block faulting which had a levelling 

influence on the Witwatersrand sediments. Then strike slip, reverse 

faults and further normal faults occurred transverse and parallel to 

these faulted blocks. These progressive stages of faulting have also 

been preceded and accompanied by intrusives; primarily dykes of diori- 

tic composition, which intruded into both the unfractured rocks and the 

preexisting fracture zones. This has resulted in sets of dykes orientated 

with both NS and EW strikes.

Welkom and the associated mines occur over the western or Odendaalsrus 

graben. The eastern boundary of the graben abuts against the horst 

and is bounded by the north-west striking De Bron fault (Figure 2.1), 

while the western boundary is not as clearly defined. The initial 

interpretation of the unconformity on this western flank was that of 

a major reverse fault, the Border fault (Figure 1.1). Alternatively, 

beds on this immediate western flank provide strong evidence for the 

occurrence of monoclinal flexure of the Witwatersrand sediments, (Brock 

and Pretorius, 1964; McKinneyet al, 1964). Evidence of compression is 

however also clearly indicated by the presence of two anticlines a the north 

and southwest of the graben. Finally, this whole structure suboutcrops 

beneath a thin horizontal layer of Ecca and Dwyk.i sediments (Figure 2.1 and 

Al — H to 1 3). The dip" of the Witwatersrand sediments lie typically between 

19° and 26° in alJ regions except the western margin, where they are 

considerably steeper due to the tectonism.

11
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