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A bstract

We analyzed the changes/improvements of seismic event detection and location accuracy of the South African 
National Seismograph Network over the last four decades. The effect of three regional velocity models on 
epicentral solutions was tested during the initial study. It is shown that the hypocentral depth considered during 
this study, viz. at 2 km for mining related events, and 5 km to 10 km for tectonic earthquakes, have a negligible 
effect on the error in epicentre location. Further, three detection distances were evaluated during this study, viz. 
300, 500 and 1000 km. The location errors decreased significantly by increasing the detecting distance. This study 
highlights the importance of including 5-phase arrival times to better constrain seismic event locations. 
This observation is of particular value for the 1970 to 1997 period, when only P-phases were considered during 
the location procedure. Lastly, it is shown how the errors in epicentre location decrease with an increase in the 
number and geographical distribution of seismic stations.

In tro d u c tio n

The primary objective of a regional seismograph network is to 
record seismic signals within a limited geographic region of 
interest (Trnkoczy et al.. 2002). Wave onset times are identified 
from the recorded signals after which epicentral/hypocentral 
coordinates of seismic events can be calculated, most often 
through the iterative least-squares procedure (e.g. Ge, 2003).
It should be noted that in our working environment the term 
‘seismic event’ encompasses induced seismic events, triggered 
seismic events and earthquakes with a tectonic origin.

The arrival times and coordinates of seismic event location 
are published in seismological catalogues. The spatial 
completeness of such catalogues can be ascribed to the 
detection capability of the network, which is a function of

the sensitivity of the recording equipment station geometry 
(azimuthal distribution) an inadequate, or low number of 
observation stations in the region, and station availability 
(e.g. Husen and Hardebeck, 2010). A key factor in network 
capability with time is advances in technology leading to 
increased sensitivity (which also implies spatial completeness), 
and the inevitable geographic expansion of the network 
(e.g. Husen and Hardebeck, 2010, Hutton et al., 2010).

The accuracy of located events provided in the seismic 
catalogue depends on two kinds of errors: systematic and 
random. Systematic errors are introduced from incorrect station 
coordinates and an inexact velocity model where lateral 
heterogeneities are not considered leading to erroneous
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STATISTICAL EVALUATION OF SEISMIC EVENT LOCATION ACCURACY
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F ig u re  1. Geographic expansion o f the South African National Seismograph Network (SANSN) over fo u r  decades from  1970 to 2014.

predicted arrival-time calculations (Billings et al. 1994; Douglas 
et al., 1997; Douglas et al., 2005). Random errors result 
from misidentification of phase-time arrivals in part due to 
analyst error, low signal-to-noise ratio and equipment unable 
to resolve the dominant frequency of expected phases 
(Pavlis, 1986).

The South African National Seismograph Network (SANSN) 
is a regional network principally developed to monitor the 
seismicity of South Africa. The area is approximately bounded 
by 22°S 11°E and 36°S 36°E (Figure 1). The SANSN was 
developed from 1971 onward (Fernandez et al., 1991; Wright 
and Fernandez, 2003 and Saunders et al., 2008) following a 
magnitude 6.3 earthquake in the Ceres area on 29 September 
1969 (Green and Bloch, 1971). The origin of the SANSN is a 
consolidation of stations previously operated by various 
institutions (Wright and Fernandez, 2003) under the auspices of 
the South African Geological Survey (now the Council for 
Geoscience), coupled with the installation of additional 
stations. The expansion of the SANSN during the period 1971 
to 2014 is provided as Figure 1.

This study evaluates the statistical regional location 
capability (Kijko, 1977a and 1977b; Kijko, 1978; Kijko and

Sellevoll, 1982; Kijko and Sciocatti, 1995) of the SANSN through 
relating the documented seismic sources of South Africa to the 
geographical evolution of the SANSN over a period of more 
than 40 years. Further, the potential significance of omitting 
S-phase arrivals prior to the implementation of the 
HYPOCENTER software (Lienert and Havskov, 1995) during 
1997 is also investigated.

Seism icity

From a tectonic perspective, South Africa is an intraplate region 
with a low level of tectonic seismicity considering the 
criteria of Johnston et al. (1994) that differentiate Stable 
Continental Regions (SCRs) from Active Plate Boundaries. 
The definition of SCRs (Johnston et al., 1994) encompasses 
continental regions where the continental crust is mostly 
unchanged through recent plate induced tectonism, and 
includes areas that had been tectonically inactive from the 
Mesozoic (252 to 66 Ma) to the Cenozoic Era (66 Ma to 
present). It is noted, however, that South Africa has been 
subjected to vertical epeirogenic uplift (180 to 40 Ma) that is 
linked to vertical dynamic forces in the upper mantle
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(e.g. Nyblade and Sleep, 2003; Braun et al, 2014). In addition, 
Viola et al., (2012), demonstrated long lasting brittle fracture on 
pre-existing stmctures over a ~500 Ma time period along the 
western coast of South Africa.

Du Plessis (1996) confirmed the diffuse nature of South 
African seismicity in the context of SCRs and defined six 
seismic zones from a collective interpretation of geologic, 
geomorphologic, geophysical and seismological data. Eleven 
tectonic origin seismic clusters in southern Africa were 
additionally identified. These seismic clusters emphasize areas 
within seismic zones where anomalous concentrations of 
tectonically induced seismic activity have been observed over 
time from historical (Brandt et al., 2005) and/or instrumental 
records. An additional cluster, Leeu-Gamka (Matuludi, 2013), 
was recognized from observations after 2006 when continuous 
digital waveform data transmission was enabled for the SANSN 
(Saunders et al.. 2008). Similarly, spatio-temporal seismic 
swarms (e.g. Yamashita, 1998) are not uncommon in South 
Africa, as observed by Fernandez and Guzman (1979). 
Two earthquake swarms, viz. Sutherland and an unnamed 
swarm on the Lesotho/South African border (coinciding with 
the south-eastern sector of the Eastern Lesotho cluster of 
Du Plessis, 1996) were identified by Fernandez and Guzman

(1979). Another seismic swarm manifested in the Augrabies 
area (Akromah, 2013) during the 2006 to 2014 period and 
comprises -1050 earthquakes with magnitudes ranging from 
0.1 <M, <5.4. This swarm mostly coincides with the northern 
part of the Grootvloer cluster (Northern Province of South 
Africa) postulated by Du Plessis (1996). The extent of seismic 
zones (Du Plessis, 1996), tectonic clusters (Du Plessis, 1996 and 
Matuludi. 2013), areas/zones of induced seismicity in the gold 
mining region (e.g. Singh, 2009) and seismic swarms 
(Fernandez and Guzman, 1979 and Akromah, 2013), together 
with the position of prominent sources of explosions 
associated with opencast mines identified from the South 
African Mineral Deposits Database (SAMINDABA, 2014), is 
shown as Figure 2.

Having highlighted the disseminated nature of South 
African seismicity and demarcated the geographic extent 
of seismic clusters/swarms and other prominent sources of 
seismicity in southern Africa (Figure 2), it would be reasonable 
to presuppose that the newly established SANSN would have a 
representative station distribution within the defined study 
area. Contradictory to this assumption is a unique aspect of 
South African seismicity. That is, a major segment of recorded 
seismicity in South Africa is attributed to mining related

F ig u re  2. Seismic zones defined by Du Plessis (1996) are shown with a thick outline: (A) Namibia: (B) Karoo/Namaqualand; (C) Free State/Lesotho; 
(D) Northern Natal/Swaziland/Mpumalanga Lowveld; (E) Central South African Low and (F) Cape Low. Seismic clusters (polygons with thin borders) 
(Du Plessis (1996) are numerically indicated as: 1, Springbok/Ramieskroon; 2, Grootvloer; 3, Ceres; 4, Koffiefontein; 5, Eastern Lesotho; 6, Matatiele; 
7, Kango-Baviaanskloof'fault; 8, Worcester fault; 9, Phalaborwa; 10, Tzaneen, 11, Lephepe and 12, Leeu-Gamka (Matuludi, 2013). The polygons 
with stippled outlines define the extent o f  the Sutherland swarm 13, (Fernandez and Guzman, 1979), Lesotho-South African border swarm 
14, (Fernandez and Guzman, 1979) and the Augrabies swarm 15, (Akromah, 2013). The hatched polygon defines the gold mining region 
(Singh et al., 2009). The Roman numerals on the map define prominent opencast mines where explosions are prominently recorded (I-Sishen/Kalahari 
mines, II-Grootegeluk mines, ILI-Witbank/Highveld mines and TV-Ermelo/Klip River mines.
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earthquakes. More than 90% of seismic events located in South 
Africa originate in the deep gold mining areas of the Wits basin 
(e.g. Wood, 1913; Gane, 1946; McGarr, 1976; Shapira et al., 
1987; Kijko, 1997; Singh et al., 2009 and others). This 
distinctive source of seismicity dictates a concentration of 
SANSN stations focused around the gold mining areas (Free 
State and Gauteng Provinces). This statement is substantiated 
by Shapira et al. (1987) who noted that the detection 
capabilities of the SANSN favors induced seismicity over 
regional tectonic seismicity.

E arthquake  loca tion

The iterative least-squares procedure was mostly applied 
during seismic event location following the inception of the 
SANSN. Fernandez (1973) and Guzman (1977; 1978) provide 
coordinates of epicentres of seismic events and their local 
magnitudes up to June 1977, when the event locations were 
determined from S-P arrival times. Thereafter, the space- 
domain method (Lomnitz, 1977) was introduced during routine 
data analysis. The space-domain method considers distance 
residuals rather than travel time residuals by taking into 
account the initial hypocentral estimate nearest the closest 
observation station, and then, through iterative corrections, the 
seismic event latitude, longitude, depth and origin time are 
estimated. The space-domain procedure of Lomnitz (1977) is 
computationally simple and was thus coded as LOCAT and 
routinely used by the SANSN (Guzman, 1978; Fernandez, 
1987). The LOCAT code exclusively considered P-phase arrival 
times to derive epicentral solutions recorded at three or more 
of the SANSN stations. A successive version of LOCAT, LOCATF 
(Fernandez, 1987; 1991; 1996), limited epicentral solutions to a 
minimum of four observation stations and, additionally, 
included S-phase arrivals in the epicentral solution and further 
expanded the use of relative phase arrival times where the 
absolute arrival time was uncertain (Fernandez, 1987; 1991; 
1996). However, we were unable to ascertain credible 
evidence that the latter options of LOCATF had been 
implemented during routine location prior to its termination 
during the first quarter of 1997.

Notably, limitations on hypocentral depths were 
introduced with the inception of the LOCAT location code. 
This was deemed necessary since hypocentral depths 
determined with a sparsely populated regional seismograph 
network are highly inaccurate (e.g. Lay and Wallace, 1995; 
Bormann, 2002; Havskov and Ottemoller, 2010). Therefore 
hypocentres associated with mining related events in the 
Witwatersrand Basin were fixed to 2 km, which was 
considered to be the average depth of gold mining operations 
in South Africa (Guzman, 1978). Also, focal depths of tectonic 
earthquakes were fixed at either 5 or 10 km, depending on 
which solution converged best during the location procedure 
(Guzman, 1978).

Klose and Seeber (2007) indicate a strong bimodal depth 
distribution in the underlying crust of SCRs. Consequently, the 
hypocentral distribution of tectonic events in SCRs is either 
confined to the upper crust (0 to 10 km) and/or the lower 
crust (20 to 35 km) with the 10 to 20 km interval being mostly 
aseismic. This was confirmed by Brandt (2014) who observed

that earthquake activity in South Africa is confined to the 
upper one third of the crust (0 to 10 km depth).

The SEISAN earthquake analysis software (Ottemoller 
et al., 2012) was implemented during routine analysis for the 
SANSN from March 1997 (Brandt, 1997) following its successful 
implementation to monitor reservoir induced seismicity in the 
Kingdom of Lesotho on behalf of the Lesotho Highland 
Development Authority (Saunders, 1996). The HYPOCENTER 
algorithm (Lienert and Havskov, 1995), which uses a damped 
least-squares procedure to iteratively minimize travel time residuals, 
superseded the LOCATF code. More significantly, the 
HYPOCENTER software (Lienert and Havskov, 1995) considers 
arrival times of both longitudinal (P) and transverse (S) waves in die 
epicentral solution as opposed to LOCAT, which only considered 
P-wave travel times. Gomberg et al. (1990) demonstrated die 
significance in constraining hypocentral solutions considering 
P-phase and S-phase arrival times using die iterative least-squares 
procedure. It is therefore postulated that a notable improvement in 
epicentral solutions (considering hypocentre depdi z,, is fixed during 
die location process) would be attained using die HYPOCENTER 
code (Lienert and Havskov, 1995) for earthquakes located prior to 
its implementation (Brandt, 1997).

Significant advances to refine the ID velocity model of 
South Africa resulted from the Kaapvaal Craton experiment 
(e.g. Carlson et al.. 1996). The three layered earth model of 
Wright et al. (2002) replaced the two layered velocity model 
of Gane et al. (1956) during September 2006 (Saunders and 
Roblin, 2008). An investigation was undertaken by Midzi et al. 
(2010) to further refine the ID velocity model for South Africa. 
The velocity models considered during this study are 
presented in Figure 3-

M ethodology

We consider a statistical model for assessing the accuracy of 
seismic event location as described by Kijko (1977a) and 
Rabinowitz and Steinberg (2000). It is shown that the accuracy 
of seismic event location by a seismic network can be 
described by the confidence -  ellipsoid:

(9 -  9 V M  (9 -  9 ) < const (i)

where the vector of seismic event focal parameters 
0 = (x0,yo,z0,to), (x0,y0,z0) denotes coordinates of the hypocentre 
and t(l the origin time. Vector 6 is the least squares estimate 
of 0. It is shown by Gibowicz and Kijko (1994) that inversion 
of matrix M is proportional to the variance-covariance matrix 
of seismic event parameters 0. where M=ArA, and A is the 
(nx4) matrix of partial derivatives of n arrival times with 
respect to 0 evaluated at d. The value of const is 4s2Fw, 4, n-4, 
assuming that the travel time residuals (s2) are normally 
distributed. FWi 4, n-4 is an F-statistic with 4 and n-4 degrees of 
freedom for the critical level of w (Flinn, 1965). The confidence 
ellipsoid is controlled by matrix M (e.g. Steinberg et al., 1995) 
and the volume of the confidence ellipsoid is proportional to 
det(M)‘/4. The exponent 1A relates to the four parameters Xo, y0, 
z0 and t0- Therefore reduction of focal parameter errors can be
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Vp(kms‘1)

5.5 6.0 6 5 7 0 7.5 8.0 8 5

Figure 3■ Velocity models considered during this study. The continuous line relates to the velocity model o f Wright et al. (2002), the broken line defines 
the velocity model o f Gane et al. (1956) and the dotted line the VM1 model ofM idzi et al. (2010).

achieved by such spatial configuration of a seismic network 
which maximizes det(M).

However, the procedure of maximizing det(M) described 
above applies to a single source (event) only. Since multiple 
seismic sources with respect to station configuration will be 
applied during this study, the criteria for multiple sources 
(Kijko, 1977a and 1977b) were used by extending the solution 
by a discrete grid of j point seismic sources:

k  Wj [det(Mj )] (2)

where coefficients Wj determine the ‘importance’ (level of 
seismicity) of a particular area.

We assume that stations comprising the SANSN operated at 
maximum capacity, that is, without interruption of data 
transmission during the period of review. Also, every 
observation at each observation station is allocated equal 
weight in the solution (Box and Draper, 1975). It is further 
assumed that phase identification errors and inaccuracies in the 
velocity model are normally distributed (Rabinowitz and 
Steinberg, 2000).

Three velocity models were considered as input: the Gane 
et al. (1956); Wright et al. (2002), and the VM1 model of Midzi 
et al. (2010). See Figure 3 for a comparison between the 
respective velocity models. Saunders et al. (2006) indicated an

improvement in location using the Wright et al. (2002) model 
in comparison with the Gane et al. (1956) model with phase 
data recorded by the SANSN during the period 2000 to 2001. 
As mentioned before, an alternative velocity model for South 
Africa was investigated by Midzi et al. (2010); however, the 
resultant model did not notably improve the Wright (2002) 
model (Figure 3). The effect of different velocity models is 
equally considered with the network distribution of 1970 coupled 
with an earthquake depth centred at 5 km in the detection 
range 300, 500 and 1000 km. In addition, a further two 
scenarios were considered; allowing only P-phase arrivals in 
the solution and inverting for both P- and S-phase arrival times.

Another consideration in our analysis is the selection of 
hypocentral depth distribution in the study area. Brandt (2014) 
modeled earthquake depths using regional depth phases 
(sPn, PmP, sPmP and SmP), thereby indicating tectonic 
earthquakes considered during his study were limited to the 
upper crust (0 to 10 km) with average depths of 6.9 km 
(a  ± 2.3). Matuludi (2013) also determined shallow earthquake 
depths restricted to the ~5iD <10 km depth range during a 
study of the Leeu-Gamka cluster. However, Smit et al. (2015) 
determined that microseismicity in the Ceres cluster occurs at 
depths up to 5 km whilst hypocentres in the Tulbagh cluster 
ranged from 8 to 15 km.

Brandt (2014) determined the depths of mining related 
events at 0 km <D<7 km. The hypocentral depth of mining 
events is doubtful since Brandt (2014) determined the average
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depths of these earthquakes at 3 km with a large standard 
deviation (a  ± 3-9). It is noted that the goldmines in South 
Africa have reached depths of up to 4 km below surface. 
Therefore we considered the depth of operational goldmines 
between surface and 4 km with an average depth of ~2 km 
below surface. Further, Goldbach (2009) indicates that fluid 
induced seismicity may have a significant influence when 
abandoned mines flood. This phenomenon is related to 
alteration of the ambient stress state through fluid pressure 
acting on the fault surface which may in turn trigger larger and 
potentially deeper earthquakes.

Three depth scenarios were considered during this study to 
account for events located in mining areas (2 km) and tectonic 
origin earthquakes (5 and 10 km).

The penultimate consideration in modeling concerns 
the sensitivity of instrumentation comprising the SANSN. 
The specific details of instruments deployed during the 1970 
to 2014 period are beyond the scope of this study.

In summary, the SANSN consisted principally of vertical 
component short-period analogue instruments during the 1970 
to 1989 period. It should be noted that four stations were 
equipped with World-Wide Standard Seismographic Network 
instruments comprising short-period and long-period 
seismometers. Broadly, the magnification settings during 1970 
to 1989 ranged from 6K to 50K for short-period instruments 
and 750 to 1.5K for long-period sensors. Digital stations (16 bit 
digitizers with short-period sensors and triggered waveforms 
sampled at 50 Hz) were introduced during 1991 (Fernandez 
et al., 1991) and operated either in tandem with analogue 
instruments or as separate stations. It should be mentioned that 
the SANSN remained mostly analogue up to 1999, consisting of 
short-period analogue instruments with magnification at either 
25K or 50K. A major upgrade of the SANSN was undertaken 
during 2000, when digital instruments replaced analogue 
instruments with standard short-period (1.0 sec), extended 
short-period (30 sec) or broadband sensors (100 sec/120 sec) 
(Saunders et al., 2008). A further upgrade during 2005 replaced

existing digitizers with mostly 24-bit digitizers (Saunders et al., 
2008). Thus, a moderate estimate of detection thresholds, 
based on the expected sensitivity of the SANSN is 300 km, 
500 km and 1000 km.

The final consideration is two-fold; firstly the significance 
of including S-phase arrivals in the location and secondly, the 
expected reading error of P- and S-phases. We therefore 
considered several distance threshold scenarios and excluded 
or included S-phase arrivals during the 1970 to 1999 period 
(prior to the implementation of the HYPOCENTER software in 
1997) during calculations.

A 1.0 sec reading error of P-phase arrival times was applied 
since P-phase arrivals in South Africa are generally observed as 
emergent rather than impulsive; this phenomenon is ascribed 
by Brandt and Saunders (2011) as brittle fracture in the upper 
crust producing these emergent P-waves. A more conservative 
estimate of 2.0 sec in reading error was allowed for S-phase 
readings since the onset of this phase is superposed by the 
P-wave coda coupled with possible anisotropy (e.g. Graham 
et al., 1991) and converted phases (Diehl et al., 2011).

R esults a n d  d iscussion

Examples of results obtained during this study considering the 
effect of velocity models (Gane et al., 1956; Wright et al., 2002 
and Midzi et al., 2010), hypocentral depth, detection distance, 
phases and network layout are shown in Table 1 and presented 
as Figures 4 to 8.

Figure 4 (a to c) illustrate the analysis of the three velocity 
models considered during this study. It is evident that the 
errors in origin time and epicentre locations are similar, 
irrespective of the velocity model used. We selected the Wright 
et al. (2002) model for the remainder of the study since it is the 
velocity model used during routine analysis of SANSN data 
(Saunders et al., 2006; Saunders and Roblin, 2008) after 2007. 
The Gane et al. (1956) model was used during routine analysis 
before 2007.

Table 1. Exam ples o f results ob ta ined  during  this study.

Figure

No.

Period

(Years)

Velocity 

m odel used

H ypocentral

depth

(km )

Phases D etection

distance

(km )

Parameter

investigated

4(a) 1970 to  1979 G ane et al. (1956) 5 P  and  S 1000 Velocity m odel

4(b) 1970 to  1979 Wright et al. (2002) 5 P a n d  5 1000 Velocity m odel

4(c) 1970 to  1979 Midzi e t al. (2010) 5 P  and  S 1000 Velocity m odel

5(a) 1970 to  1979 Wright e t al. (2002) 2 P 1000 H ypocentral D epth

5(b) 1970 to  1979 W right e t al. (2002) 5 P 1000 H ypocentral D ep th

5(c) 1970 to  1979 Wright e t al. (2002) 10 P 1000 H ypocentral D ep th

6(a) 1970 to  1979 W right e t al. (2002) 5 P 300 Phases (P -phase) and  D etection  T hreshold

6(b) 1970 to  1979 W right et al. (2002) 5 P 500 Phases (P -phase) an d  D etection  T hreshold

6(c) 1970 to  1979 Wright et al. (2002) 5 P 1000 Phases (P -phase) and  D etection  T hresho ld

7(a) 1970 to  1979 Wright e t al. (2002) 5 P  and  S 300 Phases (P- and  5-phase) and  D etection  Threshold

7(b) 1970 to  1979 W right e t al. (2002) 5 P a n d  5 500 Phases (P- and  5-phase) and  D etection  Threshold

7(c) 1970 to  1979 W right e t al. (2002) 5 P  an d  5 1000 Phases (P- and  5-phase) and  D etection  Threshold

8(a) 1970 to  1979 Wright e t al. (2002) 5 P a n d  5 1000 N etw ork Layout

8(b) 1980 to  1989 W right et al. (2002) 5 P a n d  5 1000 N etw ork Layout

8(c) 1990 to  1999 W right e t al. (2002) 5 P  and  S' 1000 N etw ork  Layout

8(d) 2000 to  2014 W right et al. (2002) 5 P  an d  5 1000 N etw ork  Layout
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Expected Errors in Epicentre Expected Errors in Epicentre

Expected Errors in Origin Time Expected Errors in Origin Time

t
H.

I

a b

Expected Errors in Epicentre

Expected Errors in Origin Time

Kilometres

c

Figure 4. Detection thresholds obtained with: (a) the Gane et al. (1956) velocity model, (b) the Wright et al. (2002) velocity model and, (c) the Midzi 
et al. (2010) velocity model. The calculations were determined with the 1970 station configuration at a detection distance of 1000 km considering 
both P- and S-wave arrival times and a hypocentre depth of 5 km.
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Expected Errors in Epicentre
Expected Errors in Epicentre

t
*L

J

Expected Errors in Origin Time

a

Expected Errors in Origin Time

b

Expected Errors in Epicentre

Kilometres

Expected Errors in Origin Time

c

Figure 5. Detection thresholds obtained with the Wright et al. (2002) velocity model and: (a) hypocentral depth o f 2 km, (b) hypocentral depth o f 
5 km and, (c) hypocentral depth o f 10 km. The calculations were determined with the 1970 station configuration at a detection distance o f 1000 km 
considering P-wave arrival times.
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Expected Errors in Epicentre Expected Errors in Epicentre

Expected Errors in Origin Time
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Expected Errors in Epicentre

t
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Expected Errors in Origin Time

t
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c

Figure 6. Detection thresholds obtained with the Wright et at. (2002) velocity model with a detection distance threshold of: (a) 300 km, (b) 500 km 
and, (c) 1000 km. The calculations were determined with the 1970 station configuration with hypocentral depth of 5 km considering P-wave 
arrival times.
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Expected Errors in Origin Time
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i

a

tn.
i

Expected Errors in Origin Time
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Expected Errors in Epicentre
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Expected Errors in Origin Time
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c

Figure 7. Detection thresholds obtained with the Wright et al. (2002) velocity model with a detection distance threshold of: (a) 300 km, 
(h) 500 km and (c) 1000 km. The calculations were determined with the 1970 station configuration with hypocentral depth o f 5  km considering 
P- and S-wave arrival times.
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Expected Errors in Origin Time
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t
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Figure 8. Detection thresholds obtained with the Wright et al. (2002) velocity model with a detection distance threshold of: 1000 km with the 
(a) 1970 configuration, (b) the 1980 configuration, (c) the 1990 configuration and (d) the 2000 configuration. The calculations were determined 
fo r  a hypocentral depth o f 5  km considering P- and S wave arrival times.
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The effect of vaiying hypocentral depths is shown as 
Figure 5 (a to c). The figures attest to subtle changes in the 
expected epicentre errors to the north of the SANSN, and also 
a slight variation in the expected error in origin time to the 
south. This behavior, hypocentral depth having little effect on 
the expected location capability, is expected since the travel 
time derivative changes slowly with hypocentral depth 
(e.g. Havskov and Ottemoller, 2010).

Similarly, Figure 6 (a to c) demonstrates the effect of three 
arbitrarily selected detection thresholds; 300, 500 and 1000 km. 
Significant differences in the location capability of the SANSN 
are noticed by varying the detection distance. This is 
understandable considering the sparse station distribution of 
the SANSN during the 1970 to 1979 period when large gaps 
existed between the denser station concentration in the north 
(gold mining areas), and the concentration of stations around 
the Ceres area. A noticeable feature is the elongated 
northeast-southwest pattern accentuated in (Figure 6a) which 
highlights the bias in the azimuthal distributions of stations. 
The pattern is repeated in (Figure 6b) (500 km detection 
distance), but is not obvious when considering a detection 
distance of 1000 km (Figure 6c) where the influence of the 
WIN station in Namibia is clearly emphasized.

The importance of including S-phase arrivals in the statistical 
location capability of the SANSN is highlighted in Figure 7 
(a to c). It is evident that a noticeable improvement in both 
the expected error in location (epicentre and origin time) is 
achieved when comparing (Figures 6a and 7a). The maximum 
expected error in origin time decreases from 5.0 sec to 2.1 sec 
(Figures 6a and 7b). This trend is maintained for both the 
500 km distance threshold (Figures 6b and 7b) and 1000 km 
distance threshold (Figures 6c and 7c).

Figures 8 (a to d) conclude the study and indicate the 
statistical capability of the SANSN during the decades 1970 to 
1979, 1980 to 1989, 1990 to 1999 and 2000 to 2014. We used 
the optimum scenario by considering a detection threshold of 
with both P- and S-phase arrivals in all instances. It is intuitive 
that the expected errors in location decrease with each 
decade as the SANSN station coverage expanded. However, it 
is also evident that the omission of the station during 1990 led 
to an increase of location errors in the west and north of the 
study area.

C onclu sion

This study reviewed the potential detection capability and 
location accuracy of the SANSN during the time period 1970 to 
2014. The effect of varying parameters such as the velocity 
model, hypocentral depth, detection distance and phase- 
arrivals was investigated. This study provides valuable insight 
into the expected location errors of the SANSN. It is further 
evident that development and cooperation of seismic networks 
within South Africa and neighboring countries can benefit the 
communities within southern Africa.

As a closing statement, it is recommended that a 
supplementary study be undertaken to evaluate the detection 
capability of the SANSN from empirical arrival time residuals 
during a similar period.
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