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We mapped portions of the Dagbreek faull in Matjhabeng mine (Eland shafl, Welkom) that
slipped during the 1999 Matjhabeng carthquake. The fault-zone thal was active during this event
is up to 30 m wide {and probably more) and it contains tens of gouge zones that are characlerized
by the well-known ‘rock flour” and quartzite fragments. The slip on an individual gouge rone
ranges from o few millimetres to 21 cm, and the largest measured total displacement along the
Dagbreek fault is 44 em. This displacement is of the same order as the maximum displacements
ineasured after similar carthquake s in the Welkom gold field over the past 27 years,

Introduction

Active faults are generally inaccessible at the focal depth of
large earthquakes. Thus it is practically impossible to
directly relate measured seismic parameters of an
earthquake to the swructore of the associated subsurface
rupture!. To overcome this difficulty, we initiated a study of
fuults associated with lurge earthquakes in deep gold mines
of South Africa, tollowing previous research of McGarr er
al® and van Aswegen®, The study has two main objectives:
(1) to gain a better understunding of carthquake processes
by direct ohservations al focal depth (2) to establish a better
characterization of active fsults in deep mines. The study
includes detailed 3D mapping of active Faults with
cmphasis on the internal structure of the subsurface rupture
(fault-zone width. sense, amount and distribution of slip
wlong secondary faults, and micro-structural features). Here
we repart on one particular case.

Farthquake history in the Welkom Gold Field

Mujor fuull 2ones define the macro-sirycture of the Welkom
Gold Field, These fault zones have extended tectonic
histories including reverse, normal and lateral slip, during
Archacan and Proterozoic times, displucing the gold-
bearing quartzites of the Witwatersrand formation. The
major faults now all appear as west-dipping, normal faults
parallel to the western rim of the Witwatersrand Basin.
Thev show dip displacements up (o 1K) m, although their
full tectonic histories include larger Interul displacements.
The exact linite displacements ure truced through the
chemical characterization of marker rocks (e.g. Rompl4),
The major tault zones have been the sources of several
carthquakes during the past three decades (Figure 1), The
Welkom earthquake of 1976 made history becausc @ multi-
story building mear its epicentre was destroyved. Aller the
carthquakes, displacements of tens of centimetres were
measured along several of the fault zones indicated in
Figure 1. The opportunity o make accurate observations of
the co-seismic slip were, generally, limited. either by severe
underground damage or by the lack of tunnels intersecting
the fauls specifically in the source regions, The measurcd

displacemenis were always found to be normal slip
(Tuble ).

The last seismic event of curthquake size occurred in
April 1999 along the Dagbreek fault in the area of Eland
Shaft, Matjhabeng Mined, The tremor, recorded as a
magnitude 5.1 event by the South African Council for
Geoscience and generally referred o as the Matjhabeng
earthquake, caused extensive damage underground,
including the displacement of a sub-shuflt by = 20 cm whore
it cuts through one of the mujor components of the
Dagbreek fault zone,

Figure 1. The distribution of tremors > magnitude 4.6 in the
Welkom gold field. The sullines of mining faces shown are
those ulong Basal reef, that dips ad an average of 20 (o the east
and s mined at an average depth of 2000 m below surface,
All these tremors had a normal slip mechanism. The ellipses
indicate the approximate sizes wind shapes of the arcas of
significant co-selsmic displacement (van Aswegen').
The co-ordinate grid spacing is 5 km
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Table I
A list of earthguakes in the Welkom gold Gelds since 19725

Yeur | Mag,  Fault i Minimum
displacement

meeisured (1mm)

1972 | 4.5%| Erfdeel 7

Covmimeni

Dramzge 1 Kudu shuft
steelwork and concrete lining

1976 | 5.2*| Dagbreek 150 Extensive wg and surface
tamage: the original
[ "Welkom cambguake’
1HEZ | 4.8 I Wesseliah 4107+ Extensive w' und surface

Lrrftlee damage, Kuda and Sable
shilts out ol action for
several days
Extensive w/g damage along
| fault zone a Si. Helena Minc

1980 | 485 Daghreck =20H)
1989 4.8 Hrund 370 Widespread fo.p damage,
"burst’ type damage contined
tis Yew hiphly stressed pillars
and dykes
High stress drop event,
miense local nfa damage,
miticeable pro-corsomy
sEiErmciy

L9t [ 4.8 s:-uj.miu.lmlmn =200}

Extensive dumage o msiin
hianlage munsecting fault

1992 &7 | Sauiplaas 135

1999 | 5.1% | Daghreck i Extensive domage spatially
associabed with faull zone;
Sub-shall displuced by co-
seismic faulr slip ~200 mm

* Magnitude from nutionul network—the ‘local’ megnitude recorded in
thee Brand. Stuirmanspan snd Saaiplias events would be minimom
magnitudes since the seismic moment, on which the empirically derived
Towal mognitude” relation is based, 15 under-estimated for large events—
the regional mine seismic monitoring system relies on 4.5 He geophanes,
nol sensitive o the lower requency band

* Measured 36 months alter the evenr

=t eMeasured |8 months after the event

The tremor oceurred along a part of the fault zone lacking
in significant prior scismic deformation—a seismic gap
was defined by contours of seismic Deborah numbers.6
(Figure 2). Temporal patterns of micro-seismicity in the
area ol Eland shaft prompted an *Alert level 27 advisory
issucd by the local mine seismic centre several days before
the earthquake. This advisory was confirmed a day before
the earthquake®.

Observations at Eland Shaft

We document parts of the Dagbreek fault that slipped
during the Matjhabeng carthquake at Eland Shall. The best
exposures were found on 45 level. This is approximately
1660 metres below surface.

Obhservations at Site 1 (Location: Z338Y in 451118)

The tunnel at (his site was repaired after the carthquake and
broken rock that littered the tunnel after the tremor had
been removed. The local dip of the fault is 375/253°,
roughly normal to the local inclination of the quarzite
layers. The local slip 1s normal dip-slip. We measured the
verticul displacement of the rail tracks (H in Figure 3) as H
=44 em oaeross the fault, We examined the tunnel walls and
could recognize slip-surfaces and displaced blocks to a

L1

distance of up to 45 m from the main fault, but only in the
toatwall of thal part of the fault zone shown in Figure 3,

Obseryvations at Site 2

Site 2 15 located on the Dagbreck fault, about 1300 m south
of Site 1, This area was severely damaged during the
carthquake with no subsequent cleaning or repairs. The
advantage is that the extent of damage is still clearly
visible, The disadvantage is thal access to the fault zone is
limited 1o a few metres. We could, for example, identify
here a fault-zone of only 9.5 m, compared 1o signilicantly
greater fault zones widths observed elsewhere (sce above

Mining outlines

__ Dagbresk faull zons
r—

Figure 2. A perspective view of the Daghreek fanlt zonc and 31
comnbours ol seismic Deborah number?, indicated the existence of o
seismic gap in the area of Eland shaft prior to the Matjhabeng
earthguake?, The view ix down towards the south-cast, The length
of the fuult zone is estimated at 50 km. Here a 1 km portion is
depicted by the coarse mesh. The contours are based on
thousands of seismic events spatially associated with the
Dagbreek fault zone for the period since recording started in
198K till just before the Mat jhabeng carthqoake, The 1976 and
1986 events were added to the data set based on source
parameters from the S.A. Council for Geoscience, The
spheres indicate only the approximate hypocentres of the large
events, nol their sizes

Figure 3. Displaced tracks at site 1, level 45, Eland shaft, H
indicates the vertical displacement across the Daghreek Tault
zone (line with short bars). Distriboted damage (Traciures and
crushed zones) were found primarily in the uplifted footwall side
of the faunlt zone
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and below). We found several clayey, solt gouge zones
with displacements of 0.5 cm and smaller, Slickenside
sinations in various directions and scales are distributed on
most of the gouge zones; some of the striations could have
formed during previous evems, The largest localized slip
measured is 21 em of dip-slip as evident by the
displacement of the reference line in Figure 4, The 21 cm
slip is distributed within 3-5 cm thick, fine grained and
fresh pouge zone,

Many broken rock bolts are observed at this site.
Apparently, these rock bolts did not yield only in the event
of April 1999; some of them apparently vielded previously
by creep. Some rock bolis that penetrated into, but parallel
to the gouge zone surprisingly do not display evidence of
deformation or shear. The intense damage and complex
deformation history referved 1o here, are possibly related w
a sile elfect associated with the Y-shaped local tunnel
configuration. It may also reflect the damage heterogeneity
close to the tip of a propagaling earthguake,

Dhservations at Site 3

Site 3 is located on the Daghreek fault about 50 m :mﬁh o
Site 2 in a severely damaged, yet accessible wnnel. This
site provided the best exposurcs of the subsurface rapture
and we mapped in detail a 27 m segment of the E-W tnnel,
normal to the fault zone. The mapped part is almost entively
in the lfootwall block of the fault zone. The hangingwall
block is inacceessible due o damage,

The subsurtace rupture includes aboul iwenty gouge
zones generally dipping wesiward and arranged in five
clusters. Most of these shp-surfaces are coated with white
‘rock four” of comminuted quartzite of the host rocks,

One type of cvidence for slip are the displaced boreholes
ul rock bolts in which both dip-slip and strike-slip
components of the displacement could be evaluated
iFigure 5). We found displaced boreholes at 10 places and
they revealed slip from 0.5 cm 1o 6 cm. The dominant
gouge zone of the Dagbreek subsurface rupture in this
tunnel is 50 cm thick, pyrophyllite-rich with guartzite
[ragments, 1t dips 26°/2807, We used the present disposition
of pieces of a drill-rod that had penctrated this zone and
served us an excellent displacement marker, to measure
Ll cm of dip-slip and 5 cm ol righi-lateral slip within this
gouge-zone.

Discussion

The “freshness’ of the gouge along the many gouge zones
mupped and the spatial association with severe rockburst
damage indicate that they were ull part of the Tault slip
process of the Matjhabeng earthquake. Such distributed slip
has been observed, by the third author, at some of the other
instances referred to in Figure 1, but the phenomenon was
nowhere mapped or recorded in the same detal gs was done
at Eland Shaft. Tt is thus hikely that such distnbuted, co-
seismic displacement is a common feature of the Welkom
carthguakes,

The total displacement of 44 cm most likely includes
some posl-selsmic creep, Detail analvsis of three sets of
survey data {prior to, soon after, and long after the event)
should indicate the relative importance of this. In the case
of the Brand cvent of 1989, 37 cm displacement was
measured within hours after the event, so the 44 cm
displacement along the Dagbreek fault may not be too far
ofl the true co-seismic displacement during the Matjhabeng
carthquike.

Conclusions
Inmitial resulls of o detal mapping programme in the source
region of the magnitude 5.1 Matjhabeng earthquake shows
= the imporiance of such work 1o gain insight 1o the
details of the earthquake process
sthe common feature of maximum co-seismic
displacements around 40 cm for earthquakes in the
Welkom gold field
* co-seismic displacement and massive increase in
surface area is distributed over many gouge zones over
a 30 m wide zone.
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Figure 4. The main slip-surface {thick line inclined to the right)
dipping to the west in site #2. The horizontal reference line is
displace by 21 cm of dip-slip along the thick gouge zone

Figure 5. Displaced horehole at site #35. Upward view on the ried?;
the slip-surface is sub-parallel to the roof;
displacement about 15 mm
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