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COVER IMAGES: 

Left bottom figure – explosions at 
the Fukushima nuclear power plant 
caused fire in the nuclear reactor, 
scaled to the Thyspunt area. 

Taken from: http://nuclear-energy.net/
nuclear-accidents/fukushima.html

Centre picture – Eskom Koeberg 
Nuclear Plant, north of Cape Town, 
South Africa. 

Taken from: http://www.post-gazette.
com/image/2015/12/11/_q90_cMC_
a3-2_z/Eskom-Koeberg-nuclear-
plant.jpg
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south africa intends to build  
new nuclear power stations. 

The government will announce 
requests for proposals on the nuclear 
procurement process soon; and Eskom 
has declared they can afford to have 
them built if South Africa does not 
introduce new, cutting-edge standards 
such as implemented elsewhere after 
the 2011 Fukushima disaster in Japan. 

We question that wisdom 
here on scientific grounds. 
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introduction Soon serious decisions will be made about South 
Africa’s plans to build new nuclear power stations. 
Discussions are intense and confrontational. Most 
of the debates have been engulfed in the economics 
and estimated costs and trade-offs of nuclear in 
a mix of conventional (coal, gas) and renewables; 
the ‘war’ on carbon, as laid out in SA’s Integrated 
Resource Plan (IRP 2010); and the apparent lack 
of transparency about Eskom’s applications for 
Nuclear Installation Site Licenses (e.g. Nortje,  
2016; Winkler, 2016; Eberhard, 2016). 

W hatever the technology mix, there is need for some extra 80 
TeraWatt hours (TWh) of energy annually by 2020 to service 
the growing population, or an average generation capacity 

of 9 GW. The present IRP suggests that some 13-14% of this be linked 
to nuclear by 2030. The costs of going nuclear, albeit highly contested 
and likely underestimated, are between R400bn-500bn (2010 Rand val-
ue) as calculated by government (Koko, 2016), and between R1000bn-
2000bn by external groups (e.g. Lloyd, 2016; Muller, 2016). 

If the nuclear option is a route the country is to pursue, robust plans 
are required about advanced nuclear technology and about site-locations 
for the nuclear power plants, both of which will need to be carefully 
chosen and scrutinized before procurements are finalized. In this, South 
Africa is not alone. Presently many global partnerships, including China, 
UK, France, Russia, Canada and the US, are collaboratively reassessing 
nuclear power in light of new designs that include small modular genera-
tors, and elements of both molten-salt and pebble-bed reactors, some 
of which will need to replace the nearly 450 nuclear reactors currently 
operating around the world, many of which are old (Nature, 2016; Cao 
et al., 2016; Tollefson, 2016; Bryer, 2016). Thus, while the technology of 
choice is not clear, South Africa, like everywhere else, must focus on cost 
and benefits of old versus new technologies, including waste, if nuclear 
energy is to play a significant role. 
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But before any of this can happen, who will decide on the viability 
of selected sites on which to build new nuclear power plants? One 
suggested site is at ‘Thyspunt by the Sea’, some 10 km west of St 
Francis Bay and 90 km from Port Elizabeth, comprising a relatively 
flat area of hard rock close to sea level, buried by fossil- and dynamic 
dune-sands, covered by wetlands and fynbos, mottled with Khoisan 
and other archaeological heritage sites, and flanked by a rocky shore 
line hugging a 2 km sandy beach along Thysbaai.

For more than three decades Eskom and national and international 
consultant teams have studied the rock foundations across the 
Thyspunt area and collected a vast amount of data to determine its 
geological, tectonic and environmental suitability to host a nuclear 
power-station here that can generate some 4000 MW. But Eskom has 
been accused repeatedly of an apparent lack of transparency and 
public participation prior to and most recently following their mid-
2016 gazetting of an applications for a nuclear installation site licence 
(NISL) at Thyspunt. 

What in fact do we really know about this site beyond Eskom 
heresay? Who has access to the (meta)data on which decisions will be 
made to comply with the evolving National Nuclear Regulator (NNR) 
processes? Especially since the 2011 Fukushima Daiichi accident in 
Japan (e.g. Lochbaum et al., 2014), the public is surely right to ask if 
real issues of the danger of nuclear sites such as Thyspunt are being 
glossed over (e.g. Tainton, 2016; Rogers, 2016;  
https://en.wikipedia.org/wiki/Thyspunt,_Eastern_Cape).

Eskom’s studies to identify sites suitable for the location of nuclear 
installations culminated in the delivery of the Senior Seismic Hazard 
Analysis Committee (SSHAC) Final report and Participatory Peer 
Review Panel (PPRP) acceptance letter in June 2013. It appears that 
everyone who has had access to this ‘big-data’ collected over more 
than 35 years is on board – and the public has been informed that it 
is technically safe and environment friendly to build a power station 
here. But not everyone is convinced, if only because there has not 
been open access to all the scientific data. From global experiences 
this is inadequate. Experts often provide alternate views based on dif-
ferent interpretations of common data, or evaluate data that may have 
been overlooked or discarded when deemed unimportant.

Below I briefly summarise 

data that may have 

been overlooked and/or 

neglected and yet reveal 

significant risk factors. It 

turns out that in several 

localities the hard-rock 

surface beneath the dune-

fields of the Thyspunt area 

is below sea-level. These 

areas may episodically host 

ground-water systems, and 

become prone to flooding 

in response to increased 

coastal precipitation and/or 

during slow or punctuated 

marine incursions. Let’s 

first take a broad coastal 

view to better understand 

the origin of this subsurface 

geomorphology.
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Coastal Landscapes 

O ne of the iconic landscapes along the Garden Route of southern 
Africa is a disaggregated mosaic of flat plains intermittently  
transected by meandering river valleys and canyons (Figure 1a). 

Driving along the southeast coast one cannot escape the awe of these 
fossilized remains of this ancient surface – a classic paleo-marine 
platform sculptured into the flanking Cape Mountain ranges that are 
constructed out of quartzites – nature’s rocks of ‘steel’. 

The age of this platform has long been debated. There is no accurate 
dating technique yet that can determine its precise age at various heights 
above present sea level. Suffice it to say that the highest elevated and 
most continuous platform formed when sea level rose to heights between 
250-330 mapsl (meters above present sea level) during extreme hot and 
humid climates at the end Mesozoic to early Cenozoic, some 80 to 50 
million years ago, as roughly estimated using marine fossils (and their 
strontium isotopes) in rare patches of limestones preserved on top of the 
platforms close to East London (e.g. Linol et al., 2016). 

FIGURE 1a FIGURE 1b

In some instances the marine platform slopes gently down to the 
coast, for example from Humansdorp towards Cape St Francis and 
Thyspunt. But between Storms River and Nature’s Valley, the terrace 
remains relatively flat, ending abruptly along steep cliffs flanking the sea. 
Similar sea-cliffs can be traced intermittently farther west along the N2 
to Knysna and beyond Herolds Bay until the N2 descends sharply down 
to the coast just before Mossel Bay. These landscapes form the stunning 
panoramas along the Tsitsikamma coast (Figure 1b-e).

The coastal plains and sea-cliffs are frequently etched by canyons 
through which rivers and streams drain into the ocean. Some of the 
steepest and dramatic canyons are intermittently preserved between 

geomorphologic and erosional features and 
sculptures along parts of the south-east 
coast of south africa, highlighting paleo-
marine platforms, canyons, sea-cliffs and 
estuaries, as discussed in the text. 

(a) remnants of the late mesozoic - early 
Cenozoic plain (pale green) around george, 
flanking the outeniqua mountains to the 
north and the coastal cliff to the south. 
the plain is cut by rivers and canyons 
that reveal numerous fossil terraces at 
different heights down to present sea level 
(image from dave roberts). note the many 
smaller canyons cut into the sea-cliffs. 
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Port Elizabeth and Mossell Bay (e.g. Storms River, Bobbejaans, Groot, 
and nearby Bloukrans - a global attraction for Bungee jumpers). Else-
where, the coastal plains and sea-cliffs are sculptured down to lower 
elevations and cut by less dramatic canyons. These lower surfaces are 
remnants of relatively young marine terraces hugging the coastline. 

The terraces represent sea-level high-stands during warm episodes 
over the last 34 million years or so, as global climate cooled, first 
gently, but more recently abrupt during the onset of global glacial-
interglacial times. 

This resulted in sea-level fluctuations of near 130 m, with global 
mean sea levels between 6-9.3 m higher than today during the last in-
terglacial between 130-115 Ka (kiloannus or thousand years). During 
the last glacial maxima at about 20 Ka, sea level retreated beyond the 
shelf break down to 120 m below present sea level (Figure 2a; Roberts 
et al., 2012; DeConto and Pollard, 2016; Linol and de Wit, 2016 and  
references therein). 

Since then, sea level rebounded to its present elevation at about 5 
Ka and now continues to rise. These perturbations in sea level have 
left a subtle record of paleo-rivers and fossil canyons drowned below 
the sea (Figure 2b).

FIGURE 1c

FIGURE 1e

FIGURE 1d

(b) bobbejaans Kloof, a typical canyon cut 
into subvertical quartzites beveled along 
the regional plain (far distance), preserved 
right up to the coast. 

(c) small canyons, flanking a larger 
canyon, all cut into the coastal plain at 
200-300 m that slopes gently towards a 
paleo-cliff line cut into the tsitsikamma 
mountains (far distance). 

(d) View from the coastal plain flanking 
the coast, looking towards the bridge 
across the groot canyon and the tsitsi-
kamma mountains in the far distance. 

(e) View from Plettenburg Village across 
the Keurbooms estuary, tracking the sea-
cliffs along the tsitsikamma coastline 
from Plettenburg bay to storms river 
canyon, and beyond as far as the tsitsi-
kamma river estuary. note the platform 
at 250 m elevation ends abruptly against 
steep edges of the inland tsitsikama 
mountains (far distance), defining an 
ancient inland sea-cliff
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FIGURE 2b

FIGURE 2a

sea-level fluctuations over the last 150 ma (top), 
and the last 350 Ka (middle); schematically 
illustrated along the coastal plain flanking the 
tsitsikamma mountains (bottom). note how 

at low sea-level stands (-120 m), rivers drain-
ing through the present-day coastal canyons 
(see figure 1), converged farther out along the 
present, now drowned continental slope.
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By contrast, a recent study 
by NMMU student Debbie 
Claassen has integrated in 
great detail her new field 
observations with the unpub-
lished geologic and geophysi-
cal data, including re-analyses 
of information from 247 deep 
drill holes, collected by scien-
tists from the Atomic Energy 
Corporation, the Council for 
Geoscience, consultants and 
international experts, all under 
Eskom contracts (Claassen, 
2014; Claassen, 2016;  
Claassen and de Wit, 2016).

Canyons  
below the sea

A long the Garden Route some impressive meandering rivers have 
carved wide valleys in geologically soft sequences of Jurassic-
Cretaceous age (e.g. Sundays, Gamtoos, Krom, Bitou, Knysna), 

sometimes still hugging the edge of steeper canyons cut into adjacent 
hard quartzites, such as where the Bitou and the Keurbooms rivers 
merge near the coast. Most of these river systems drain to sea across 
the coastal plains and terraces and then exit off-shore onto a gentle 
sloping continental shelf. At the river mouths energy balances between 
sea and river systems form the unique sandy estuaries of the east-coast, 
such as at Sundays, Gamtoos, Krom, and Plettenberg Bay. The majority 
of these estuaries cover drowned river valleys and canyons that share 
common fossil-confluences off-shore inherited during low sea-level 
stands (Figure 2b). These now drowned linkages have been carefully 
documented using the mtDNA of fish populations that reveal their 
complex history of colonization along these common confluences during 
the rise and fall of sea levels (Swartz et al., 2007). 

A larger number of smaller rivers follow less impressive canyons and 
river valleys linked to smaller sandy estuaries. The Slang and Tsitsi-
kamma Rivers, some 15 and 35 km west of Thyspunt, respectively, are 
excellent examples. Flanking the eastern Thyspunt area, small streams 
also disappear seawards beneath the dune and beach sands.

Many small canyons along the Tsitsikamma paleo sea-surface are 
buried by fluvial and wetland sediments (these are easily spotted when 
driving along the N2, for example between Humansdorp and Thornham), 
and some of the youngest terraces and canyons closer to the coast 
are covered by overburden of marine deposits, soils and dune sands. 
One such area around Thyspunt, between Oyster Bay and St Francis, 
reveals a relatively flat leveled paleo-surface of hard quartzite covered 
by remnants of soft marine deposits (known as the Algoa Group) and an 
aeolian overburden reaching at least 60 m in thickness about 1.2 km from 
the coastline. The variability of overburden thickness is influenced by a 
combination of dynamic dunes and paleo-topography. 

Much of the Eskom work around Thyspunt has focused on defining 
the geology, technical rock-properties, and micro-seismicity to provide 
a neo-tectonic framework and risk analyses. However, ever since the 
first detailed technical reports (Anderson et al., 1986; Raubenheimer et 
al., 1988) most of this data has never been disclosed on an open source 
data-bank, although some reports are now available online at: 
http://www.eskom.co.za/Whatweredoing/SSHAC_ProjectResults/Pages/DataPubli-
cations.aspx
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A flat surface with hidden 
canyons below the sand  
@Thyspunt 

The detailed analysis, meticulously documented by Ms Claassen in her 
thesis, has revealed a simple but to date unexpected message from the subsur-
face: cut into the hard bedrock are paleo-valleys and -canyons hidden below 
the overburden of dune sands and soft sedimentary rocks of the Algoa Group. 

Ms Claassen discovered four W-SE trending paleo-canyons and valleys 
below the sand that were previously unknown (at Thyspunt, Tony’s Bay, Cape 
St Francis and St Francis). These valleys extend inland well below the present 
day sea level. The Thyspunt paleo-valley, for example, cuts into an area of 
more than 1000 m2 bedrock to a depth of 16 m below sea-level (Figure 3a & 
b). From the coast, where this hidden paleo-valley is some 1.5 km wide, its 
negative bedrock relief extends 1.6 km inland in a NW-SE direction narrowing 
to some 150 m in width. At Tony’s Bay a smaller canyon cuts inland some 500 
m where its bedrock lies more than 1 m below sea level.

Aeolian sands, including two dynamic dune fields that cover parts of the 
Oyster Bay – St Francis headland bypass, extend some 5 to 10 km inland. 
Elsewhere, older sand dunes are largely obscured by coastal vegetation. 
Many drill holes have given a good indication of the overburden thicknesses 
down to the bedrock on which a power station must be secured. Across the 
hidden canyons, and beyond, significant thicknesses of overburden up to 16 
m (7.5 m average) across a 250 m zone flanking the coast, and up to 60 m 
(average ca 40 m) in a zone 250-1500 m away from the coast, will need to be 
removed; and along the Thyspunt valley this will be largely below sea level. 

Since Eskom considers areas exhibiting between 10-20 m overburden 
to pose potential medium hazards to safe construction of a nuclear power 
station, and with >20 m overburden material as high risks (Eskom, 2009), this 
overburden thickness alone will create challenges and limitation for a nuclear 
site. But these risks are only ‘chicken feed’ compared to more serious potential 
risks such as those associated with sea level rise and tsunamis.

Regional sea-level rise along the east-coast of South Africa ranges 
between 3.6 and 3.8 mm/year, and relative sea level has been rising along 
Nelson Mandela Bay just under 2 mm/year over the past 36 years, with a 
short-term trend of about 7.5 mm/year, (Mather et al., 2009; Bornman et al., 
2016). Over a longer time-span eustatic sea level may rise 0.5 m by 2050 
and, towards the end of the life-span of a possible nuclear power station at 
Thyspunt, between 1-2 m by the end of this century (Bornman et al., 2016; 
DeConto and Pollard, 2016; Fitchet et al., 2016).

In addition, climate change has resulted also in a significant increase 
in the magnitude and return frequency of sea-level extremes and it 

“But these risks are 
only ‘chicken feed’ 
compared to more 
serious potential 
risks such as those 
associated with 
sea level rise and 
tsunamis.”
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FIGURE 3a

FIGURE 3b

FLOODInG rIsks AssOCIATED wITh sLOw sEA-LEvEL rIsE

loCation maPs of thysPunt. (a) regional setting of thyspunt relative to nelson 
mandela bay; note the 3 major rivers, sundays, swartkop and gamtoos draining far into 
the interior, and the smaller rivers confined to the coastal plateau (e.g. around humans-
dorp) between the tsitisikamma mountains and the sea (see figure 2, bottom).

(b) thyspunt studied area south of the active dune fields (white) and paleo-dune fields (green e-w 
striking ridges). inland from thysbaai beach is a large covered area where the basement rocks are 
up to 16 m below sea level (12-13 m along the section a-b) and covered with an overburden of 
sands and soft-sedimentary sequences in excess of 25 m (lower inset; and see text for explanation). 
inland from tony’s bay (far left) is a smaller area of basement rocks also below sea level.
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is likely that this will increase by an order of magnitude during the 
21st century due to increases in ocean thermal expansion and loss of 
mass from Antarctic ice sheets (DeConto and Pollard, 2016). There is 
also a high likelihood of an increase in the swell and wave height in 
the Southern Ocean, resulting in increasing frequency and intensity of 
winter storms along the coast of South Africa. Nelson Mandela Bay 
is one of six areas in South Africa vulnerable to an increase in storm 
surges; and in situ and modelled data near Thyspunt indicate a possible 
17% increase in significant wave height as a result of climate change, 
increasing the height of a storm surge swell with a return period of 1 
year from 6.7 m to 7.8 m (PRDW, 2009). 

Finally, tidal variability in estuaries such as the Swartkops of Nelson 
Mandela Bay can reach over 2 m during spring tides (Goschen et al., 
2012; Schumann, 2013). Estuaries along the east coast would therefore 
be exposed to greater sea-level variability and would be especially 
vulnerable to storm surges. In addition, significant changes in land use/
land cover in urban settings will amplify storm surges within estuaries. 
Indeed, a vulnerability index linked to the potential impact of a water 
level rise around the coastline flanking Port Elizabeth ranges between 
medium and high (Cawthra and Van Zyl, 2015).

From the above, one may conclude that the chance of seawater pen-
etration into buried canyons and valleys beneath the Thyspunt dunes is 
more likely to increase into the future rather than stagnate or decrease. 
But there are more substantial risks.

Punctuated coastal 
penetration risks associated 
with Tsunamis 

E skom’s analyses have claimed that local on-site earthquake 
risks are minimal (Hattingh et al., 2005; Bommer et al., 2013, 
2014). Our own recent and more sensitive micro-seismic studies 

using ambient noise, albeit over a limited time-span, substantiate 
these conclusions (Wagener et al., in preparation). Thus, while 
earthquakes have not been detected at Thyspunt, there is evidence of 
regional and far field tectonic activity that should be evaluated more 
seriously than has hitherto been acknowledged. There are at least two 
scenarios that must be considered.

Far Field submarine seismicity
Transoceanic waves generated by rapid displacement along submarine 
faults are referred to as tsunamis generated by remote submarine 
seismicity. The most imminent threat of tsunami hazards along the 

“The chance of seawater 
penetration into buried 
canyons and valleys 
beneath the Thyspunt 
dunes is more likely to 
increase into the future 
rather than stagnate or 
decrease. But there are 
more substantial risks.”
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South African coast comes from mega-earthquakes associated with 
the subduction zone marking the plate-boundary between the Indian 
Ocean and southeast Asia from Indonesia to Burma and, especially for 
South Africa, flanking Sumatra and Java. 

The devastating effects across the Indian Ocean of the 2004 
Sumatra–Andaman tsunami, generated by a magnitude 9.2 earthquake 
(Billham et al., 2005; Dean et al., 2010; McNeill and Henstock, 2014) 
with more than 300 deaths in Somalia, 10 in Tanzania, and two in 
South Africa provided a rude re-awakening to the reality of tsunami 
hazard along the east coast of the African continent (e.g. Fritz and 
Borrero, 2006; Okal and Synolakis, 2008; Okal et al., 2009; Cawthra, 
2011; Cawthra and van Zyl, 2015, and references therein).

To establish if and how future mega-earthquakes along this plate 
boundary will affect the southeast coast of South Africa to a degree 
that might put at risk coastal communities, Okal and Synolakis (2008) 
evaluated far-field tsunami hazards using hydrodynamic simulations. 
They conclude that many regions around the Indian Ocean rim could 
be threatened by higher tsunami amplitudes than in 2004. Far-field 
devastation wrought by the 2004 tsunami included the Somalia 
coast where wave inundations (the maximum horizontal extent of the 
penetration of the tsunami) reached over 700 m, and typical run-up 

a helicopter team surveys the tsunami 
and earthquake damage over Japan.
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FIGURE 4a

FIGURE 4c

FIGURE 4b

FIGURE 4d

fields of maximum tsunami amplitudes on the high 
seas around the indian ocean rim resulting from 
numerical simulations of earthquake models linked 
to two different fault rupture lengths at the same 
seismic source areas south of southern sumatra. 
note how the rupture length of the fault zone vary 
between about 550 km to 850 km in the two models 
(diagrams a and b, respectively), create significantly 
different tsunami wave amplitude patters across the 

indian ocean (diagrams c and d, respectively). Wave 
amplitudes along the coast of east africa at somalia 
and southern Cape are similar where the rupture zone 
is relatively confined (550 km; left figures), but that 
the longer rupture zone creates potentially greater 
continuous tsunami run-up and penetration along the 
entire west coast of the indian ocean (right figures). 
images supplied by emile okal, 2016. (see also okal 
and synolakis, 2008 and okal et al., 2009). 
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(the altitude of the point of maximum penetration) between 5-9 m, and 
locally between 9-10 m across terrain heights in excess of 2 m (Fritz 
and Borrero, 2006; Synolakis and Kong, 2006). Simulations suggest 
that offshore underwater amplitudes off South Africa were equivalent 
to those which hit Somalia. The principal future danger for the coasts 
of Kenya, Tanzania and South Africa is a repeat of a large earthquake 
with expected locally decametric run-up and catastrophic inundation 
due to a lengthier fault rupture and/or a more southerly azimuth of 
the directivity pattern (Figure 4; and see also figures 7 and 8 in Okal 
et al., 2009). Modelling shows that Port Elizabeth and Durban are 
particularly vulnerable to such earthquakes; the worst-case scenarios 
are based on rupture along the full extent of seismogenic faults having 
supported large earthquakes in the historical record.

Flow depths (the height of the wave as it crossed the shoreline) 
and run up values can vary by up to 6 m even across short distances 
along the same coast lines (Okal et al., 2009); and under a culmination 
of conditions (for example, highest astronomical tide) run-up levels 
could raise and potentially cause serious destruction to the South 
African east-coast. 

Although variations of tsunamigenic potential along the subducting 
margin flanking Indonesia remains a topic of intense research (Dean 
et al., 2010; Gulick et al., 2011; McNeill and Henstock, 2014; Henstock 
et al., 2015), some models demarcate South Africa as a global site of 
great tsunami risk generated from this and other subduction zones 
(Hartnady, 2002; Okal and Hartnady, 2009; Okal et al., 2009), notably 
at Port Elizabeth where the impact of the 2004 tsunami was serious, 
and fell just short of inflicting significant disaster. This suggests a 
potential for serious tsunami hazard despite an absence of archived 
historical or limited geological records.

A primary focus of previous studies in southern Africa has been the 
threats presented by submarine seismicity, volcanicity and submarine 
slumps off the east coast (Hartnady, 2002; Roberts, 2008). Large paleo 
submarine slumps along the southeast and west coasts of South 
Africa have been documented. Dingle (1977) first reported marine 
geophysical evidence for large-scale, possibly recent submarine land-
sliding on the continental slope off the east-coast. The origin of these 
mega-slumps has been disputed. Some workers have linked them to 
seismicity related to southward propagation of the East African Rift 
along the southern Nubia-Somalia plate boundary through southern 
Mozambique (Hartnady, 2002; Singh et al., 2011). 

More recently, however, work by NMMU PhD student Marc Goedhart 
has revealed a surprising history of more local devastating seismicity, 
reviving models of recurring seismic activity along ‘dormant’ faults 
extending inland and seaward from Nelson Mandela Bay, which in turn 
may trigger submarine landslides and associated local tsunamis. 
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Near field submarine seismicity flanking 
nelson Mandela Bay

An extensive fault system runs some 600 km along the Cape 
Mountains from Ceres via Kango, Baviaanskloof to Coega, and offshore 
to St Croix; and then an additional 113 km as the St Croix Fault (Figure 
5a & b). This offshore fault segment, together with several fault traces 
nearby, curves southwards to form part of a regional NE-SW trending 
anti-taxis structure sheared along its axis by the right-lateral Agulhas 
Fracture Zone (AFZ) on the continental margin (Booth, 2011; Figure 5).

The onshore sector known as the Ceres-Kango-Baviaanskloof-
Coega (CKBC) fault system, is a neotectonic crustal structure that 
extends to a depth of at least 8-12 km (Stankiewicz et al., 2007, 
2008; Smit et al., 2015; Linol and de Wit, 2016; Goedhart and Booth, 
2016 a,b). A number of historical earthquakes ever since the 6.3 M 
Ceres-Tulbagh Earthquake in 1969 (Krüger and Scherbaum, 2014; 
Figure 5a) have been identified. The origin of this intraplate seismicity 
is not known, but is associated with other well-known fault systems 
that stretch along the Cape Mountains and below the Karoo, and for 
some of which there is strong evidence for geologically recent surface 
ruptures and paleo-earthquakes (Bierman et al. 2014). 

The precise origin for the neotectonic activity along the CKBC, and 
the close by Gamtoos Fault system, is not well understood (Andreoli et 
al., 1996; Bird et al., 2006). Recently it has been suggested that deep 
penetration of meteoric water, as witnessed by its resurfacing at  

FIGURE 5a

FIGURE 5b
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elevated temperatures in many of the hot-springs along the fault 
system (Figure 5a) may be responsible for episodic activation of the 
dormant faults along the Cape-Karoo region (Linol and de Wit, 2016). 

Until recently, there have also been few regulatory guides on how 
to include pre-historic seismicity in regional seismic hazard assess-
ments. Past faulting along this fault system suggests that the entire 
south-eastern coast could be considered vulnerable to its future 
seismic events (Goedhart and Booth, 2016 a,b). The new detailed 
paleo-seismicity work of Marc Goodhart confirms that the CKBC 
system is a seismogenic structure of which the eastern and western 
sectors can be best considered ‘active’; and that a major earthquake 
and surface rupture occurred some 10 Ka ago along the Kango Fault 
segment, close to de Rust (Figure 5a). 

A conservative estimate of the magnitude of this paleo-earthquake, 
named the ‘Toorwater’ earthquake by Marc Goedhart, is between 6.9 
and 7.2 M, calculated from a circa 2 m vertical ground displacement 
by the event measured along a fault scarp exposed in a field-trench 
(Goedhart and Booth 2016 a,b). The quake ruptured and displaced the 
land surface vertically by over 2 m in places and probably extended 
laterally for more than 80 km. The Toorwater earthquake occurred 
between about 13 to 8.5 Ka, and may have been almost an order of 
magnitude more powerful than South Africa’s highest instrumentally 
recorded earthquake (Goedhart and Booth, 2016 b). A minimum ‘return 
time’ for a similar surface-rupture along the Kango Fault estimated by 
Goedhart and Booth is in the order of ~100 ka, so that one may expect 
a similar magnitude event at an annual probability of 1/100,000. 

Until the study by Mark Goedhart, the Eastern Cape was believed 
limited to magnitudes of 5.6 - 6.3 M, slightly more than the 5.5 M 
instrumentally-recorded earthquake for the Eastern Cape (Midzi et 
al., 2013). Based on this existing data, a conservative approach must 
include a 7.2 magnitude seismic event to be included in design of 
nearby critical facilities (e.g. Atkinson, 2007; Kijko et al., 2005). 

The new work of Goedhart implies that the hazard for the southern 
to south-eastern Cape should now be upgraded, to include ~7.0 M 
events. If in future, for example such a similar earthquake occurs along 
the extended St Croix Fault off-shore, it is likely to generate a large 
submarine slump, and possible significant local tsunami that would 
affect the coastal region, including Thyspunt. Similar origins for widely 
spread tsunami deposits around the North Atlantic coastlines have 
been linked to mega-slumps along the Norwegian coast, initiated by 
seismic events of similar magnitudes as documented along the CKBC 
system (e.g. Bundevik, 1997; Bryn et al., 2005; Solheim et al., 2005).  
Thus, the recent dedicated work by Goedhart has brought a potential 
local punctuated submarine event back in the limelight.

“Based on this existing 
data, a conservative 
approach must include 
a 7.2 magnitude seismic 
event to be included in 
design of nearby critical 
facilities.”

OPPOSITE PAGE: selected neotectonic 
features of southern africa (Top) 
location of faults (red lines), including 
the major Ceres-Kango-baviaanskloof-
Coega fault system (thick red line) along 
which the large historical Ceres-tulbagh 
and the toorwater earthquakes were 
sourced. also shown are locations of 
smaller historical earthquakes and the 
major active hot-springs with their 
average surface temperatures in degrees 
C (white lettering and triangles). 

the potential relationship between 
major earthquakes and hot-springs is 
discussed in the text. (Bottom) links 
between dormant onshore and offshore 
fault sections (e.g. via st Croix island), 
and their connections to the agulhas 
(falkland) fracture Zone (afZ), including 
the offshore segment of the gamtoos 
fault, area south of Port elizabeth. 
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Marc Goedhart has confirmed that more palaeo-seismic data is 
a necessity for seismic hazard analyses before building a nuclear 
power station at Thyspunt, as integration of even small paleo-seis-
mic datasets with probabilistic methodologies will result in a much 
more robust assessment of the real earthquake hazard (Kijko et al., 
2004, 2005; Hattingh et al., 2005; Saunders and Fourie, 2015). It will 
also be necessary to monitor submarine seismic noise through the 
deployment of ocean bottom seismometers that onshore recording 
stations cannot detect in the southwestern Indian Ocean. Such data 
is clearly required to assess potential flooding of the Thyspunt area.

Fukushima at Thyspunt

W hilst coastal dunes can provide significant protection to 
tsunami inundation, run-ups from similar sized tsunamis 
can be variable because of the influence of the shapes of 

coastlines (Cawthra, 2011). One coastal area may see no damaging 
wave activity while in another area destructive waves can be large 
and violent. The bathymetry and orientation of Nelson Mandela Bay 
will likely amplify a local tsunami, particularly in the western corner 
of the bay (Luger, 2010; Cawthra, 2011). The 2004 Indian Ocean tsu-
nami was recorded by South African tide gauges on the eastern and 
southeastern seaboard with a minimum wave height at Port Eliza-
beth measuring 2.7 m above mean sea level. Run up levels of up to 
20 m elevation, at least 2 km inland can be expected (Cawthra and 
van Zyl, 2016).

Areas most adversely affected within the inundation zone lie in 
low-gradient coastal areas. Low-lying coastal areas characterised 
by broad coastal plains, such as at Thyspunt, are particularly sus-
ceptible to tsunami inundation (Cawthra, 2011). 

The earthquake and tsunami of March 11th, 2011 off the coast of 
Japan (9.0 M with aftershocks of 6.6 M) triggered one of the worst 
nuclear accidents (Lochbaum et al., 2014). These cataclysmic events 
drove a natural disaster: within an hour a wall of water up to 9 m 
high hit the Japanese coast, sweeping away towns and villages in its 
path, and flood water swamped the nuclear generators, causing them 
to fail and the reactors to heat up and eventually to explode. Thus, 
apart from countless human and technical errors, the fatal cause 
was a natural one directly related to elevation and penetration of 
seawater across the power plant. (http://edition.cnn.com/2011/WORLD/
asiapcf/03/15/japan.nuclear.disaster.timeline/index.html).

Presently there is no guarantee such an event may not affect the 
south-east coast flanking Nelson Mandela Bay. Indeed there is good 
geologic evidence from paleo-tsunami deposits along the Swartkop 

“The bathymetry and 
orientation of nelson 
Mandela Bay will 
likely amplify a local 
tsunami, particularly 
in the western corner 
of the bay.”
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estuary and offshore sediment slumps that tsunamis have devastated 
this coastline (T. Bornman, personal communications 2016). Although 
geologists have no firm idea yet about the age of these deposits or 
their recurring rates, this is certainly an area of priority research that 
demands scrutiny before any further decisions are to be made about 
building nuclear stations along this coast, no matter what technology. 

The subsequent accident at the Fukushima Daiichi Nuclear Power 
Plant was human-design related: there were no special domes or core 
catchers for example to contain the core in event of a melt-down. 
After this disaster, new standards now require these in new generation 
plants. Can South Africa afford not to introduce such new and other 
cutting-edge technology?

At Thyspunt, aquifer systems and valleys/canyons beneath the 
sands may not be able to protect large tidal swamps and/or tsunami 
waves from flooding across the bedrock below sea level. Thus, it 
would appear irresponsible to build a nuclear power station at this site 
– it could literally become a Fukushima prone to flooding from below, 
which would require even more innovative technology to contain its 
core; and it will require a big long wall or dyke along the coast from 
which not even Trump or Dutch fingers could guarantee protection in 
the case of unexpected natural calamities. Better perhaps to find a 
more suitable location. 

The public is right to be concerned about Eskom’s monopoly at 
Thyspunt - Eskom likely will be the owner and operator of this nuclear 
power plant. Thus, it is not going to be easy to re-start a serious con-
versation: ‘Eskom is big. Big is its culture. Big is the whole reason it 
was created’ (Bruce, 2016). Indications are that Eskom may ultimately 
be responsible for the proposed nuclear procurement, management 
and implementation of South Africa’s nuclear plan (e.g. Peyper and le 
Cordeur, 2016; Creamer, 2016; Overy, 2016). If so, and in light of trou-
blesome and pervasive lack of transparency, can safety at Thyspunt 
be guaranteed? 

‘Natural hazards need not become human disasters if society learns 
and applies lessons in preparation and resilience’ (McNutt, 2016). This 
advice from Marcia McNutt, the president of the US National Academy 
of Sciences, should resonate along the Eastern Cape coast: preventing 
hazards from becoming disasters at Thyspunt depends on open part-
nerships: earthquake geologists, tsunami modelers, social scientists, 
engineers, landscape architects, biologists, anthropologists, and local 
community boards that can focus on shifting from the sensational 
risks itself (the tsunami) to how the community could control its own 
destiny by taking actions that put well-being and safety above all else. 

“The public is right to be 
concerned about Eskom’s 
monopoly at Thyspunt - 
Eskom likely will be the 
owner and operator of 
this nuclear power plant. 
Thus, it is not going to be 
easy to re-start a serious 
conversation: ‘Eskom 
is big. Big is its culture. 
Big is the whole reason it 
was created”
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