
Baseline data and citizen science @KarooCommons.za

(T)(C)RACKING THE 
SHALE-GAS DEBATE 

CHALLENGES FOR THE EASTERN CAPE

TRANSDISCIPLINARY DATA
Present status > Future risks > Proposed solutions

Black 
Shale at 
surface

Black 
Shale at 
surface

AEON BASELINE DATA

NELSON MANDELA UNIVERSITY

AEON REPORT SERIES No.4
2018

www.aeon.org.za



1S H A L E  G A S  R E A L I T I E S  @  K A R O O. Z A    / 

SHALE GAS 
REALITIES 
@KAROO.ZA

Year of publication: 2018

Publisher: Africa Earth Observatory 
Network (AEON), Nelson Mandela 
University, South Campus, University Way, 
Summerstrand, Port Elizabeth, 
South Africa 
(P.O. Box 77000, 
Port Elizabeth 6031, South Africa). 

Email: maarten.dewit@mandela.ac.za. 
Web: www.aeon.org.za

Copyright and permissions: 
Entire publication © 2018 by Africa Earth 
Observatory Network, 
Nelson Mandela University 
All rights reserved.

Cover images: AEON
Photographs © the named photographers.
Printing and binding: Valmac Printers

Baseline data allow rigorous regulations to 
be implemented and tested ensuring safe and 
reliable gas extraction in the Karoo if indeed this 
materialises. The goal is to establish pre-drilling 
conditions to avoid adverse environmental and 
social legacies similar to that from abandoned mine 
discharges and the socio-economic status of the 
South African mining industry in general. 

Baseline data enables the establishment of 
knowledge and  relevant information on key 
attributes or characteristics of the situation prior 
to the commencement of exploration/ exploitation 
without which defence of potential  litigation may 
prove almost impossible. 

Should shale gas exploration be successful, there 
will then also be a clear need for further baseline 
programs.
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extraction owes its origin  to the rapid 
growth of the industry that outpaced 
both research and legislation, and one 
of the consequences of rapid shale gas 
development in the USA in the  absence of 
baseline data, for example, on health and 
environmental indicators has resulted in 
the inability to identify with certainty what 
adverse impacts are associated with UGE.

The Marcellus shale in the Appalachian 
Basin across Pennsylvania is the largest 
unconventional gas-field in the USA. 
Similar gas potential has been predicted 
for the Whitehill shale in the Karoo Basin 
in South Africa. Whether shale-gas 
developments in South Africa will take 
place at all is closely tied to the rise and 
potential success of alternative energy 
industries and the timing needed for po-
tential discovery and extraction of shale 
gas in the Karoo. The latter will likely 
not be achieved before 2020 and 2025, 
respectively. There is thus ample, if tight 
room for constructive scientific evidence 

gathering to enable balanced decision 
making processes. Central to meeting 
these requirements is a need to construct 
a reliable, reproducible area of baseline 
data area prior to shale gas extraction 
processes, which, given the relatively 
pristine conditions of the Karoo, could 
also serve as a global  baseline standard.

In essence, baseline data allow rigorous 
regulations to be implemented and tested 
ensuring safe and reliable gas extraction 
in the Karoo if indeed this materialises. 
The goal is to establish pre-drilling con-
ditions to avoid adverse environmental 
and social legacies similar to that from 
abandoned mine discharges and the so-
cio-economic status of the South African 
mining industry in general. 

Against this backdrop, AEON’s ESSRI 
(Earth Stewardship Science Research 
Institute), in collaboration with the 
Eastern Cape Government and Karoo 
communities, created an opportunity to 

design and embark on a transdisciplinary 
Karoo Baseline Research Project across a 
selected area of the south-eastern Karoo 
with potential shale gas resources (see 
Figure on page 6). This project involving 
more than 35 graduate researchers has 
now collected and archived four years 
of data at Mandela University. The main 
aim of this report is to communicate 
some early results, insights and ongoing 
learning processes. Further data will 
emerge as these researchers complete 
their theses. 

Should shale gas exploration be success-
ful, there will then also be a clear need for 
further baseline programs. This would 
have to include design and installation of 
a scientifically controlled hydraulic frac-
turing site (CHFS) to perform controlled 
exploration drilling and multidirectional 
hydraulic fracturing with very high stand-
ards of precise monitoring protocols, 
most notably various forms of geophysi-
cal and continuous hydrochemical testing 
across different time scales. This will 
allow for the ongoing data collection and 
monitoring in real time, further allowing 
regulators, public interest organisations, 
and industry to have first-hand informa-
tion on possible effects, and mitigation in 
response thereto. 

Primarily, a CHFS will test drilling and 
hydraulic fracturing at this Karoo baseline 
research site; and their potential additional 
applications/implications for social- and 
eco-system services beyond a shale gas 
industry. Such a baseline-site in the Karoo 
could be linked to an African Science & 
Technology and Education & Training 
Centre to gain reliable knowledge about the 
continent’s Critical Zone, through a large 
variety of drilling techniques, with a focus 
on energy, climate, water and food secu-
rities – An equivalent of the SKA ‘Looking 
Down’. We also detail how this might be 
achieved; and where and when. n

SCIENCE TECHNOLOGY & EDUCATION-
TRAINING CENTRE FOR DEEP EXPLORATION 
BELOW THE AFRICAN SURFACE

PROBING EARTH

CITIZEN SCIENCE

Earth stewardship science Earth exploration science
-Indigenous knowledge
-Water
-Critical Zone
-Geology
-Geophysics
-Ecosystems
-Climate change
-Energy
-Social cohesion
-Health rights
-Food Security
-Economics

1. Deep Scientific Drilling (8-10km)

2. Geothermal Drilling (5-8km)

3. Controlled Scientific  
   Hydraulic Fracturing Lab 
     (2-5km)
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Shale-gas has reinvigorated debates about fossil energy, chemical industries, water, climate 
change, ecosystems, and public participation about values and ownership of resources. This 
emerged primarily from linking two relatively recent engineering techniques: horizontal drilling, 
perfected between 1986 and 2002; and from 1998 on, hydraulic fracturing to release gas 
from organic-rich rocks. Spurred on by continuous improvements of this unconventional gas 
extraction (UGE) using high-volume hydraulic fracturing, the United States of America (USA) 
became the world’s largest natural gas producer in 2014, followed by the first export of this gas 
from the USA to Europe in 2016.

IN SUMMARY

Shale-gas development in the USA 
is expected to raise real gross do-
mestic product (GDP) in 2020 by 

0.66%; and shale-gas production in 2004-
2009 created 650,000 jobs - a significant 
contribution to reducing the unemploy-
ment rate during that time of recession.

This relatively cheap USA shale-gas 
boom is also reshaping chemical indus-
tries, creating for example  millions of 
jobs in plastic manufacturing over the 
coming decades through ethene-linked 

supply chains and virtual pipelines across 
the Atlantic. However, these develop-
ments have also increased socio-eco-
nomic conflicts, and created new wicked 
ecosystem problems across the globe, 
impacts of which cannot  be scientifically 
evaluated without reliable baseline data.

Baseline research refers to studies that 
quantify the  pre-extraction value of land 
and its resources as well as its people 
and their well-being. Evaluation of shale 
gas industries can only be resolved 

once firm baseline studies have been 
conducted to weigh up benefits against 
costs as foundations to move forward. 
Baseline data enables the establishment 
of knowledge and  relevant information 
on key attributes or characteristics of the 
situation prior to the commencement of 
exploration/ exploitation without which 
defence of potential  litigation may prove 
almost impossible.

In the USA, the apparent dearth of baseline 
research prior to unconventional gas 

Black= surface exposure of gas bearing shales; red=dolerite sills; 
purple = volcanics.
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Subsequent data on the productivity 
and life cycle of SG wells had provided 
sobering facts about the economic 
sustainability of the resource  into the 
future, tempering its initial outlook 
(Mehany and Guggemos, 2015; Hughes, 
2014).3  However, in responding to this 
the industry is once more looking  to new 
technological innovations in enhancing 
the productivity of existing shale gas wells, 
thereby prolonging the productive lifespan 
of wells in shale basins across the USA. 
For example, new discoveries include 
identification of a learning-by-doing 
process where disruptive technology 
innovation has led to a doubling in shale 
gas extraction, so that re-fracturing with 
emerging technologies can transform 
existing  wells, and overall shale gas 
production becomes dominated by 
long-term tail production rather than the 
high-profile initial exponentially-declining 
production within the first twelve months 
(Middleton et al., 2017). 

Owing to both its benefits and its 
challenges, shale-gas has re-invigorated 
debates about fossil energy, chemical in-
dustries, water, climate change and public 
partici pation about values and ownership 
of resources. These developments have 
also increased, and created new ‘wicked’ 
problems across the globe4, impacts of 
which  cannot be scientifically evaluated 
without reliable data. 

In a similar vein, Savocool (2014) in 
summarizing his review of the costs and 
benefits of SGD in the US poses the follow-
ing question: “Which picture of shale gas 
development— cornucopia or curse— is 
the true one?” He immediately answers 
the question by admitting “This study finds 
that they both are”5. In many respects, this  
statement appropriately summarizes the 

lived experience of SGD in the USA, as well 
as much of the research produced on the 
broader impacts of SG to date.  

The USA record with SGD is illustrative 
of what could be achieved through the 
application of innovative technologies 
in resource extraction processes with 
significant economic returns for society 
if the necessary conditions  (other than 
technical and geological) are in place. 
More importantly, it also illustrates what 
other jurisdictions should not do. In a 
nation such as South Africa, communities, 
regulators, policy makers and industry 
prac titioners should be investing their 
resources and energies in ensuring that 
uncertainties, and ‘blind-spots’, currently 
plaguing our understanding of this re-
source and its possible future exploitation, 
are eliminated prior to its full exploration 
and exploitation.  

This fundamentally starts with ‘Baseline 
Studies’ in the receiving environment prior 
to exploration, across all aspects and 
impacts related to the resource. In the 
USA,  this remains the biggest lesson from 
the recent shalegas boom-bust-boom 
cycle6 , specifically in relation to monitor-
ing and litigating contamination of water, 
and  community health impacts reported 
in receiving communities such as the 
Marcellus shale regions of Pennsylvania in 
the USA (King, 2016; USEPA, 2016). These, 
and other potential impacts that cannot 
be scientifically evaluated without reliable 
baseline data7 , will prove impossible to 
effectively regulate if it is scientifically im-
possible to attribute   causality and liability 
to the source of contamination.  

Whilst the SA government sites its 
Strategic Environmental Assessment 
(SEA, 2016a,b) as the necessary first step 

towards a Shale Gas Baseline for the 
Karoo, it is far from sufficient (e.g. Ester-
huyse et al., 2018). 

In addition, pristine natural baseline data 
are difficult to obtain in regions where 
the gas has already been  extracted, as is 
the case in most oil and gas-rich basins 
around the world, because they have 
already been tapped. As it stands, today, 
the Karoo is one of the few regions with 
significant estimated shale gas resources 
where exploitation has not yet begun. 

The Karoo is a unique natural laboratory 
where near-pristine baseline data can be 
extracted and used as a global standard. It 
is of course true that disturbances before 
agricultural  development during colonial 
invasions cannot always be quantified, 
but there is sufficient data that can be 
mined from national archives on its social 
history, and from scientific and cultural 
literature about the ecosystems of the 
Karoo prior to large scale farming that can 
be used as valuable information, based on 
seminal work such as, for example, that of 
Skead (2007), with which to quantify early 
disruptive changes to the Karoo.

Thus, the Karoo is unique also as a 
potential baseline on a global scale.  Here, 
we report on an extensive, experimental, 
ongoing transdisciplinary Karoo baseline 
research program initiated in 2014. Below, 
the first part of this report provides a 
general value of the Karoo linked to local 
and global concerns about shale gas 
development. The second part highlights 
the ongoing baseline work summarized 
in short overviews that detail the projects 
ofdifferent researchers and some of 
their preliminary findings, many of which 
evolved through their collaborative work 
(Boxes 1-28). n

3  Research conducted on the available 
production data from shale gas producing 
regions in the US has identified a reduction 
in the productivity and gas yield of individual 
wells after the first few years, noting 80%-95% 
less gas produced after the first three years 
(e.g. Hughes, 2014), whilst other studies 
noted a 60%-90% drop in production after 
the first year (e.g. Mehany and Guggemos, 
2015). However, new developing technologies 
are transforming existing wells, with overall 
shale gas production becoming dominated 
by long-term tail production over high-profile 
initial declining production in the first year 
(Middleton et al., 2017). 

4  For example, the plastic and thus the oil/gas 
industries, face problems and responsibilities 
linked to presently uncontrollable 
environmental pollution by their products 
across all lands and oceans, which must 
be addressed to retain at least 50% of 
Earth’s remaining renewable resources 
and ecosystem services (e.g. Wilson 
2016; MacArthur, 2017; Nelms et al., 2018; 
Rochman, 2018; Greenpeace, 2018). 

5  The article presents an assessment of 
technical, economic, environmental, as 
well as the social costs and benefits of the 
“fracking” of natural gas, compiled from a 

review of over 100 peer-reviewed studies 
looking at shale gas in the last decade. 

6  Numerous scholars, researchers, regulators 
and legal experts have identified the absence 
in the US of pre-fracking baseline studies 
[particularly groundwater], as a critical 
weakness in the early stage of shale gas 
development in that country. This initial 
absence of baseline water testing in areas 
undergoing extensive SGD being identified 
as a key impediment to effective litigation 
and enforcement linked incidents of reported 
contamination. 

7  Baseline data – Baseline research refers to 
studies that quantify the pre-extraction value 
of land and its resources. Evaluation of socio-
economic conflicts can only be resolved once 
firm baseline studies have been conducted 
to weigh up benefits against costs, as 
foundations to move forward. Baseline data 
enables the establishment of knowledge 
and relevant information on key attributes or 
characteristics of the situation prior to the 
commencement of exploration/exploitation 
without which defenceof potential litigation 
may prove almost impossible.
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In the first two decades of the twenty first century, few issues in the energy, water and 
climate change debate created as much attention, controversy and public discourse as that of 
Unconventional Oil and Gas (UOG) production, and in particular shale-gas (SG) with its utilization 
of high volume high pressure hydraulic fracturing  (or “Fracking”)1

INTRODUCTION

Touted as representing and leading 
the “New Gas Revolution”, SG 
provided policy makers and 

captains of industry in the industrial North 
(i.e. the heavily industrialised nations of 
North America, Europe and China) with 
hope of an alternative to a global energy 
regime that to-date remains heavily reliant 
on coal, particularly in the production of 
electricity. SG allowed the USA to reduce 
its carbon and Green House Gas  (GHG) 
emissions to pre-1990 levels (Middleton 
et al., 2017), whilst working towards more 
sustainable solutions into the future, such 
as demand management and increasing 
renewable energy in their existing  plans. 
This idea of a “Blue Bridge”, allowing 
energy hungry economies to transcend 
their historical depen dence on “dirty” coal 
to “cleaner burning” natural gas, offered 
an opportunity to reduce greenhouse 
gas emissions through switching from 
coal to natural  gas, resulting in the 
United States of America (USA) replacing 
coal with natural gas as its primary 
source of  electricity. However, this has 
been challenged by critics of Shale Gas 
Development (SGD) siting, for example, 
the impact of methane leakage into the 
atmosphere  (predominantly caused by 
production inefficiencies and the venting 
at gas wells) as being a far greater 
contributor to global climate warming.  

Climate health as a driver for new natural 
gas was not the only consideration 
making SG so attractive for policy makers 

and industrialists in the USA. Additional 
considerations included a strategic push 
for greater USA energy independence 
and less reliance on oil and natural gas 
imports (Mehany and Guggemos, 2015), 
and the economic impacts cheaper 
domestically  produced energy would have 
on its economy. 

By 2008, US domestic natural gas 
supply started to see a significant 
increase because of the improvement 
of new technologies such as ‘fracking’ 
and exponential growth in Shale Gas 
Development (SGD) (Wiseman, 2009). 
Commencing in earnest from 2005 SGD, 
made possible by new technologies, 
government support, and a favourable 
legislative and policy environment2  had 
started reversing declining US production 
levels recorded by the turn of the century 
(Wiseman, 2009; Minh-Thong Le, 2018, 
Soeder, 2017). This facilitated an increase 
in US domestic natural gas production 
by  30% between 2003 and 2013 (Howell 
et al., 2017), allowing for a reduction in 
US imports of natural gas  from 16,6% of 
national consumption in 2005 to a mere 
2,4% in 2016 (Gamper-Rabindran, 2018). 
This saw the US become the global leader 
in natural gas produc tion, surpassing 
Russian natural gas production in 2009 
(Howell et al., 2017; Minh-Thong-Le, 
2018). 

All this emerged primarily from linking two 
relatively recent engineering techniques: 

horizontal drilling  perfected between 1986 
and 2002; and from 1998 on, hydraulic 
fracturing to release gas from organ ic- 
rich rocks. Spurred on by the continuous 
improvements of this unconventional 
gas extraction (UGE) using high-volume 
hydraulic fracturing (HVHF), the USA 
became the world’s largest natural gas 
producer in 2014, followed by the first 
export of SG from the USA to Europe in 
2016 (Hefly and Wang, 2015; Finkel, 2015; 
Gold, 20152 ; Soeder, 2017; Peplow, 2017; 
Gamper-Rabindran, 2018). 

This new energy boom assisted in 
ensuring the necessary fiscal and 
economic stimulus in the US domestic 
economy, which aided its recovery 
from the 2007/2008 financial crisis, in 
part through cheaper energy costs that 
stimulate job creation, and new economic 
activity in rural towns around the US. 
In this regard, SGD is expected to raise 
real gross domestic product (GDP) in 
2020 by 0.66%; and SG-production in 
2004-2009 created 650,000 jobs, a 
significant contribution to reducing the 
unemployment rate during that time of  
recession (Gamper-Rabindran, 2018). 

This relatively cheap USA SG-boom 
is also reshaping chemical industries, 
creating for example millions  of jobs in 
plastic manufacturing over the coming 
decades through ethene-linked supply 
chains and virtual pipelines across the 
Atlantic (NASEM, 2016; Peplow, 2017). 

1  For those interested in a semi-technical 
overview of fracking and related processes 
for extraction of gas and oil in the USA 
around 2012, read ‘The Boom’ by Russel 
Gold, an energy reporter for the Wall Street 
Journal (Gold, 2015). There is no better 

way to describe the processes by repeating 
them here. But it is worth summarizing here 
what the industry has done for the USA. For 
techinical overview read (King, 2016; Mazur, 
2016; Wang 2017; Soeder, 2017, 2018). 

2  In the early 2000’s, vast US natural gas 
exploitation and expansion of domestic 
production was enabled through 
‘controversial’ legislative exemptions of the 
‘fracking’ process from compliance with 
the ‘Safe Drinking Water Act’, and the ‘Clean 

Water Act’. The UOG industry and Shale-Gas 
Development have benefited by the exemption 
of hydraulic fracturing from these important 
pieces of legislation.



1 1S H A L E  G A S  R E A L I T I E S  @  K A R O O. Z A    / 

Debating Shale Gas in the Karoo based on 
little knowledge and much friction
Presently there is limited expertise in SA to explore, drill and extract shale gas within industry 
(ASSAf, 2016). Similarly, technical capabilities to independently monitor and regulate SG 
exploration and exploitation, as required by existing MPRDA Regulations9 is also limited (ASSAf, 
2016; Glazewski, 2016; Morkel and de Wit, 2018). These capability challenges exist across all 
spheres of government and extend beyond human resources, including institutional capacity and 
infrastructure, required for effective monitoring in critical areas such as water chemistry, and 
waste management (SEA, 2016).

Similarly, the introduction of the 
‘One Environment’ framework for 
the regulation of environmental 

impacts across all sectors and industries 
in South Africa, which was legislated 
through the National Environmental 
Management Act (NEMA, 2008), and 

recently amended to incorporate mineral 
and petroleum extraction under one single 
legislative regime, will also need further 
coordination and facilitation of the overall 
system of government. There is therefore 
a considerable length of time before 
successful gas extraction may become  

Pennsylvania, ca. 119,282 km2 (in pale blue), represents less than 10% 
of South Africa (ca. 1,219,912 km2); this is 17% of the entire Karoo 
Basin (in orange), and an area slightly smaller than the Eastern Cape 
Province (ca. 168,966 km2). 

Today (2018) there are more than 11,000 shale-gas wells across the 
landscapes of half of Pennsylvania.

Left: Pangea supercontinent showing geotectonic setting for deposition of the 
Marcellus and Whitehill shales in the Appalachian and Karoo basins, respectively. 
Both basins evolved behind their respective orogenic-linked mountain systems 
formed during the formation of this supercontinent between about 250 and 330 
Million years ago (Ma), and have a very similar geological history. 

Right: Geological maps of Pennsylvania in USA, and Eastern Cape in RSA at the same 
scale (Mercator projection).
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9  The 2015 regulations entitled: Regulations for Petroleum Exploration 
and Promotion, which were promulgated under the MPRDA [The 
Mineral and Petroleum Resources Development Act No. 28, of 2002]. 
It prescribes “standards and practices” for the safe exploration and 
production of petroleum resources and are applicable to onshore 
exploration and production (including shale gas resources). 
Regulations accessible on DMR’s Shale Gas page on its website: 
http://www.dmr.gov.za/Portals/0/adam/Content/mR6c2sNCh-
ku72XE1zK0XQ/Text/Gazetted%20Fracking%20Regulations.pdf  
From the recently new and improved website for the department 
(DMR) it appears that the new minister is serious about communica-
tion and making information more accessible than his predecessors: 
http://www.dmr.gov.za/mineral-policy-promotion/shale-gas

Pangea supercontinent showing geotectonic setting for deposition of the 
Marcellus and Whitehill shales in the Appalachian and Karoo basins, respectively. 

Eastern Cape

500km

Pennsylvania
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Shale Gas in the Appalachian and Karoo Basins – 
Differences and Similarities
The Marcellus shale in the Appalachian Basin across Pennsylvania is the largest unconventional 
gas- field in the USA. Similar gas potential has been predicted for the Whitehill shale in the 
Karoo Basin across southern Africa. The geology, chemistry and age of the shale deposits in 
these two basins are remarkably alike; as are their tectonic history and thermal maturation – 
both contain primarily dry gas (Figure 1; Boxes 2 and 3). This knowledge led to applications 
for exploration-rights across the southern Karoo in 2008, although these are still pending 
(Glazewski, 2016).

In the meantime there has been 
significant debate about the economic 
potential of UGE in the Karoo. Whilst 

some researchers have indicated there 
may be no economically preserved gas 
resource at all across the basin (de Kock 
et al., 2017, Adeniyi et al., 2018), others 
have calculated there may be much more 
than conservative, but economically 
viable, estimates as published in recent 
local Academic Reports and scientific 
publications (ASSAf, 2016; SEA, 2016a,b; 
Chere et al., 2017; Boxes 2 and 3).

Low estimates of extractable gas are 
related in part to  one major geologic 
difference between the Karoo and the 
Appalachian Basins: the volume of the 
Karoo Basin was geologically inflated 
by some 30% as basaltic magma at 
about 1100-12000C intruded into this 
basin  nearly 100 million years after the 
formation of its oil and gas resources. 
The thermal effects of these magma 
intrusions, now preserved as igneous 
rock horizons known as dolerites and 
gabbros, locally decreased the  gas-
volumes in the Karoo shale reservoirs, 
expelling perhaps some 4-22 TCF (Trillian 
Cubic Feet) of gas into the atmosphere; 
and in doing so 182-183 million years 
ago reset global climate and ecosystems 
(Svensen et al., 2007; Lee et al., 2009; 
Grab and Svensen, 2011; Scheiber-Enslin 
et al., 2014; Sell, 2014, Nengovhela et al., 
2016; Nengovhela, 2018; Muedi 2018; and 

see Boxes 5 and 6). 

Nevertheless there are certainly ‘sweet-
spot’ regions, especially in the southeastern 
segment of the Karoo Basin, which have 
escaped these thermal effects. Here some 
20 to 200 TCF of gas is likely still stored in 
black shales (Geel et al., 2015; Chere et al., 
2017; Boxes 2 and 3). It is in this part of the 
Karoo that UGE might first become a reality 
within the next decade. 

Considering the similarity with 
Appalachian geology  and its gas reserves 
in Pennsylvania (40-900 TCF; Bruner 
and Smosna, 2011), much of which is 
pipelined to its principal local consumer, 
Philadelphia, the southeastern Karoo could 
yield attractive returns on early investment 
(e.g. Wakeford, 2016)8.  

If so, pipelines of the order of 200 - 500 
km to Port Elizabeth would become 
socio-economically attractive if linked 
to new chemical industries in Coega. 
It could also benefit rural communities 
presently without access to electricity. 
A low-end estimate of 20 TCF of 
recoverable (commercially available) 
gas from this region would generate ca. 
130 thousand gigawatts hours (GWh) 
of electricity/year over a 20-year period 
(NDP-2030, 2012; Wakeford, 2016). Such 
a new addition to South Africa’s projected 
energy mix, especially when linked to 
the new major off-shore gas fields 
along the western margin of the Indian 
Ocean, might come to dominate  the 
energy supply for more than 50 decades. 
Merely the discovery of gas in one basin 
off-shore Mozambique has attracted 
substantial investment to create a 
large number of jobs before extraction 
of this resource has materialised. 
Thus confirmation (discovery) of 
shale gas in the Karoo will likely create 
investment opportunities that could 
finance effective environmental and 
socio-economic projects well ahead of 
any gas exploration. But where will the 
technical expertise  come from? And, how 
would UGE be monitored and managed 
effectively? n

8   Wakeford provides some back of the envelope economic 
numbers of the resource impact of 20 TCF (his Table 7.3, 
page 157).

“Thus confirmation (discovery) 
of shale gas in the Karoo 
will likely create investment 
opportunities that could finance 
effective environmental and 
socio-economic projects well 
ahead of any gas exploration. 
But where will the technical 
expertise  come from? And, how 
would UGE be monitored and 
managed effectively?”
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In the USA, the apparent dearth of 
baseline research owes its origin to 
the rapid growth of the industry that 
outpaced both research and legislation 
(Todd et al., 2016; Gamper-Rabindran, 
2018). And one of the consequences 
of rapid SGD in the USA in the absence 
of baseline data, for example, on health 
and environmental indicators has 
resulted in the inability to identify with 
certainty what adverse impacts are 
associ ated with UGE. 

This is linked in part to another 
significant disparity between the 
Appalachians and the Karoo and in the 
entitlement of subsurface resources. 
Across the USA in general, private land 
owners control the gas/mineral rights; 
in South Africa the government, and 
thus in principle the people own those 
rights. Moreover, across the Karoo (as 
across much of South Africa) land-
ownership is unresolved, particularly 
across the Karoo where indigenous 
people, whilst sidelined, have not been 
exterminated as is the case across 
Pennsylvania. Thus, constructing 
equitable tax incentives and returns 
linked to SGD is very different in these 
two countries; and, from experience 
throughout the long history of its 
mineral industry, sharing resources in 
South Africa creates a very different set 
of endless legal battles than in the USA. 

In the Karoo, chemical spills, dust 
pollution, habitat loss, road kills, alien 
plant invasion; impacts cumulatively 
linked to many well-pads is likely 

 The Karoo is an evolving sense 
of place, a socially divided 
space with entangled intangible 
heritages for all that  live on it; 
and those absentees who claim 
it, or connect to it, with a feeling 
of loss

to generate significant impact on 
ecological patterns and processes, but 
difficult to make concrete predictions 
as to the long term and regional effects 
so that pre-emptive assessments of 
potential impacts of fracking on the 
Karoo ecosystems can be evaluated. The 
monitoring process should be initiated 
by conducting evidence based reviews 
and gap analyses of the region’s natural 
capital. This forms the cornerstones 
of baseline studies and identifies the 
potential indicators of environmental 
change (de Wit, 2011; ASSAf, 2016; SEA, 
2016). 

Lack of information provided to 
communities produce barriers amongst 
stakeholders (Satgar, 2014; Soeder 
2018; Morkel and de Wit, 2018; see 
Figure 2). Barriers identified include 
perceptions about data problems and 
quality, technical capacity, regulatory 
and legal limitations, competition for 
resources, and resource allocation 
decisions (Brantley, 2014; Brasier, et 
al., 2017; Brantley et al., 2014, 2018). 
Poor communities need to be engaged; 
yet they are left out, despite what 
government, national research agencies 
or most activists claim (Morkel and de 
Wit, 2018). 

Municipal planning systems in South 
Africa are in a state of flux, and the 
delivery of efficient and sustainable 
municipality services is complex, 
especially when linked to boom and 
bust-time economics with effects 
on local spatial planning, health, 
infrastructure services in rural 
communities (du Plessis, 2016), 
something in which the resource 
extraction industry in South Africa has 
not had a particularly good record. 

There remains the fundamental question 
of whether South Africa has the skills, 
capacity and resources to effectively 
govern and regulate SGD in the Karoo, or 
to govern it well (ASSAf, 2016; du Plessis, 
2016; Ester huyse et al., 2018). SGD 
can proceed in a safe and responsible 
fashion only when decision-makers in 
the industry and national government 
recognize the role of local municipalities, 
resident universities, civil society and 
the need to invest in scientific and social 
research in concert with collaboration 
of all stake holders. Such a concept 
was initiated in 2011 by researchers at 
Pennsylvania State University, through a 
Shale Network database to help address 
public concerns and try to improve 
on formulation of data. This has now 
developed into a regional collaborative 
consortium, CUAHSI (Consortium of 
Universities for the Advancement of 
Hydrological Science, Inc.; Brantley, 
2014; Brantley et al., 2014; 2018). 
The design for such a Centre is being 
evaluated by AEON. n

Municipal planning systems 
in South Africa are in a state 
of flux, and the delivery of 
efficient and sustainable 
municipality services is 
complex, especially when 
linked to boom and bust-time 
economics with effects on 
local spatial planning, health, 
infrastructure services in rural 
communities (du Plessis, 
2016),
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a reality, and it has been well-argued 
that South Africa should use this time-
gap wisely to determine the natural and 
anthropogenic baseline of the Karoo 
before SGE might commence (Green, 
2016; Esterhuyse, 2017; Esterhuyse et al., 
2018). 

Since the acknowledgement that SGE 
might materialise, much time for baseline 
research has already been squandered as 
fierce debates about potential negative 
consequences of developing a shale gas 
industry across the Karoo has dominated 
(Ingle and Atkinson, 2015; Esterhuyse et 
al., 2016 a,b; Glazewski and Esterhuyse, 
2016; Redelinghuys, 2016; Taylor 2017). 
Those who worry about disturbing linked 
surface and subsur face environments; 
and who foresee limits in water 
supplies as potential threats across the 
agriculture, game farming and tourism 
industries, generally favour leaving the 
gas in the ground (Feris, 2016). 

One of many attractive ‘coffee-table’ 
books about the southern Karoo 
reiterates ‘the Karoo has its own special 
magic’; for many it is a landscape of 
unrivalled beauty and belonging and 
spiritual ancestry (Deal, 2016). Ten years 
after the first edition of this ‘Timeless 
Karoo’, and ”after 5 years of campaigning 
against the menace of water-thirsty, 
polluting and unsustainable technology 
(of shale gas mining – or fracking), (I) 
wonder if the Karoo is on the cusp of 
irreversible change – an upending of the 
land that I once thought was timeless” 
(Deal, 2016).

 This author makes no bones about his 
contempt for the extraction industries; 
and how shale gas extraction may end 
the beauty of a diverse landscape, a place 

of heritage. But the region is covered with 
disconnected Khoi and San (Oeswana) 
tracks destroyed from the 17th Century 
onward by pastoralists and agricultur 
alists; is now covered with modern 
farms, windmills and game-ranges and 
wild-life reserves against a backdrop of 
dilapidated towns, hidden townships and 
blatant poverty. 

The Karoo in fact has a long history of 
disenfranchising people and destroying 
wild-life and ecosystem services whilst 
converting much of its natural landscape 
into farmland, lauded for its Merino wool, 
which is now part of a declining agricul 
ture industry (Skead, 2007; Mkhize, 2014; 
Deacon and Skotnes, 2014; Peires, 2014; 
Redelinghuys, 2016; Boshoff et al., 2016; 
Monsarrat et al., 2018a,b). The Karoo 
is an evolving sense of place, a socially 
divided space with entangled intangible 
heritages for all that live on it; and those 
absentees who claim it, or connect to it, 
with a feeling of loss – solastalgia (Feris, 
2016); ‘Is it worth the risk’ (Esterhuyse et 
al., 2016). 

However, those who fret about rising 
socio-economic inequalities and land 
issues across the Karoo; about rising 
energy costs and the dire need for South 
Africa to shut down coal plants to combat 
climate change10, tend to take more 
opportunistic views – if there is gas, there 
is hope for work, education and even 
co-ownership in business opportunities 
(Glazewski and Esterhuyse, 2016; Morkel 
and de Wit, 2018). 

To evaluate changes across the 
Karoo during UGE, there must be 
pre-preparation baseline data against 
which to measure the impacts of this 
resource extraction. Present lack of 

adequate, quantified, trustworthy 
baseline information in the Karoo include: 
groundwater, seismicity, biodiversity, 
gas-leakage, community health, jobs and 
education opportunities, market values, 
inequality, crime, trust and other social 
fabric issues linked to social change. 
Independent science should be leading 
these assessments before HVHF starts 
(London and Williams 2016); yet almost 
all desk-top studies to-date comment 
on the apparent lack of interest by 
government to implement such studies 
now (Glazewski and Esterhuyse, 2016, 
ASSAf, 2016; Butler-Adam, 2016; SEA, 
2017; Morkel and de Wit, 2018). However, 
this situation might change over time 
with the SEA and ASSAf Reports being 
published in 2017, both calling for greater 
emphasis on the need for baseline data in 
the Karoo prior to exploratory drilling and 
the fracturing of test wells. However, to 
date no quantified baseline information is 
presently available in open-source data. 

No surprise then that tensions continue 
to flare up at local and national meetings 
with stakeholders and Interested and 
Affected Parties (IAPs) (e.g. Karoo 
Space, 2016; see Box 21) after national 
government drew its line in the Karoo 
sand – socio-economic development 
must be a priority: part of the National 
Development Plan (NDP) policy 
statements by government (Presidency, 
2015; DMR, 2016) emphasise that the 
country must cautiously goahead and find 
ways to extract gas to improve average 
living conditions. Thus, companies were 
encouraged by government to re-submit 
Environmental Impact Assessment (EIA) 
reports to initiate exploration for gas 
(Golder Associates, 2016)11.

11  Following recent government changes, led by a president with mining experience, a likely go-ahead to explore for unconventional 
gas can be expected soon (for details see below: Summary and Perspectives, page 133), and with encouraging results, the effects of 
a USA-like shale gas bonanzas may result in economic booms for decades would appear attractive at a time of financial difficulties 
and needs for new job opportunities; as are food security, health and education in expanding rural townships across the Karoo. 
However, environmental rights [as in the SA constitution] must be inculcated. Almost every chapter in Glazewski and Esterhuyse 
(2016) highlights that there is a fundamental lack of baseline data across the Karoo against which, for example, complaints about 
SGE spills might be difficult to uphold.

10  Climate change through gas leakage from coal-seams and 
gas-shales is a controversial debate (see below). 
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the Khoi and San in the Karoo see as viscerally linked to 
their restoration to the land, and as part and parcel of their 
attainment of their broader social, cultural, environmental, 
and spiritual rights (Bam, 2014; ILO a, 2009). 

Although there is a growing recognition of their cultural 
rights, along with a recent move towards effecting the 
necessary constitutional and policy changes in SA, albeit 
that it is however unlikely that this recognition will be 
extended to 1st nations status in the Constitution (HLP, 
2017). In listening to the chiefs, it is evident that there is 
awareness of the productive value associated with the 
return of their land, in material, social, and cultural terms. 
As noted by other scholars, the land question for the 
Khoisan remains a question of social and economic justice 
(Bam, 2014). An outlook and perspective they bring into the 
SG process in the Karoo. 

Today the Khoi and the San remain largely marginalised 
and displaced across the many small towns of the Karoo, 
having been historically brutalised and removed from the 
land as a result of the colonial conquest of indigenous 
peoples from the Karoo (Mkhize, 2012; Mkhize, 2014). 
Khoisan narratives on  SGD, as identified in the comments 
below illustrates an intermeshing of seemingly discursive 
issues and discourses, which consistently draws back to 
this broader constitutional challenge and the land question, 
as captured in the following statements: 

Do you know whose land you are on? Did you speak 
to the Khoi or San prior to this meeting? The black 
government states that they own the land. It does not 
belong to them. It also does not belong to the white 
colonial government either. This is no idle threat. This 
land is our land, Khoi San land. You will not invade 
the spiritual bowls of our ancestors. The sacred land 
cannot be raped by your planned fracking. Be warned, 
there will be no round table discussions with other 
parties, you need to speak to the Khoi San. Our fight for 
survival continues. 

In another written submission to the process, a prominent 
Khoi and San leader in the Karoo made the following 
statement: 

The Khoi-Khoi must play a leading role in the fight 
against fracking in an effort to protect our land and 
First Nation rights in South Africa. It is essential that 
we protect ourselves, our culture and our cultural land, 
at all costs even if it means we must again take up 
the bow and arrow. Each tribal area must ensure that 
especially their heritage sites are protected. 

As First Nations indigenous people of South Africa, the 

Khoi-Khoi is convinced that fracking is a violation of our 
human and land rights, a violation of our right to a clean 
and natural environment, and  that it is contamination of 
Mother Earth as a whole and definitely will have ‘n negative 
impact on our future survival. Neither the government, 
nor Shell or any other company have consulted with the 
First Nations indigenous people with regard to fracking. 
The KCHDC therefore decided that Khoi-Khoi must  play 
a leading role in the fight against fracking in an effort to 
protect our land and First Nation rights in South Africa. 
These preliminary observations on the Khoisan and their 
engagement in the SGD process in the Karoo,  as identified 
in the study, resonate strongly, with the following statement 
by social anthropologist June Bam (2014), in her research 
on contemporary Khoisan heritage issues in SA, stating: 

The overreaching current contentious heritage issue 
for ‘contemporary’ Khoisan communities appears to 
be the noting of ‘identity’ and its concomitant ‘sense 
of belonging’. Both inform a range of contemporary 
campaigns: Land restitution and justice; language 
diversity revivalism; constitutional accommodation; 
appropriating education and knowledge systems; 
occupying sacred and ancestral spaces; indigenous 
‘self-identification’; and returning human remains… this 
sense of ‘identity’ is based on the assertion of historical 
ethnic entitlement to land, language, and various legal 
and cultural rights through ‘genetic ancestry’. 

The Khoi and the San have been consistent in their 
positioning of the land question at the centre of their 
ongoing struggle for constitutional recognition, in 
pursuance of their cultural, linguistic and  heritage rights 
in South Africa, and in the Karoo. This research finds 
that so too in the ongoing SGD process in the Karoo as it 
enters a seemingly new phase, with a pending ministerial 
permitting of SG exploration in the Basin (DMR, 2018a,b) 
and the related constitutional and policy review processes 
underway in the country (HLP, 2017), the Khoi and the San 
of the Karoo will ensure that their voices are heard. 

See Box 21 – Socio-economic impacts and the politics of 
Shale Gas - Barry Morkel  n

Today the Khoi and the San remain largely 
marginalised and displaced across the 
many small towns of the Karoo, having been 
historically brutalised and removed from the 
land as a result of the colonial conquest of 
indigenous peoples from the Karoo
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Khoi and San communities have been consistent in 
stating their views on SGD in the Karoo. Their leaders 
have been diligent in ensuring that the concerns of their 
communities were recorded as part of the consultations 
convened across the region. An analysis of the record of 
comments, and the researcher’s own observations, during 
these consultations show that Khoi and San leaders not 
only attended and raised their issues verbally during the 
2015 sessions (Figure 2). However, the record also shows 
a number of written and carefully worded submissions 
to this process, from the leaders of the Khoi and San 
communities in the Karoo.

In this study we see how the Khoi and San, as part of 
a global community of indigenous peoples (with deep 
historic, cultural and spiritual ties to the land), are framing 
their responses to SGD and resource extraction on their 
ancestral lands in relation to the struggles of other 
indigenous communities against mineral extraction, as 
noted in this comment: 

“A cooperation agreement should be arranged with 
the Ogoni people of Nigeria, to use their expertise and 
experience on how they protected their rights and how 
they drove Shell from their region.” 

This is an interesting, and well-documented phenomenon, 
observed around the planet. It also shows the vulnerability 
of indigenous communities in particular, given their 
location in resource extractive zones around the planet 
(ILOa,b 2009). Furthermore, the internationalisation of their 
struggle [as indigenous peoples], is also to be viewed in 
sharp contrast to globalised SGD, and extractive sectors 
in general, and the multi-national oil and gas companies 
applying for SG exploration permitting in the Karoo. 

This is part of a broader, much deeper, and fi ercely 
contested struggle for the attainment of their 
constitutional rights (Bam, 2014; ILOa,b, 2009; HLP, 
2017). More specifi cally, their desire for constitutional 
recognition as the 1st peoples of South Africa, which 

In Beaufort West, Khoisan 1st 
Nations Indigenous Leaders 

of the Karoo (left) commenting 
on Oil and Gas Company 

EMPs for permitting of shale 
gas exploration during public 

hearings convened across the 
Karoo (February 2015).

F I G U R E  2

  DO YOU KNOW WHOSE LAND YOU ARE ON?

Khoi and San Communities taking a stand for Mother 
Earth in defence of their Land & Cultural Rights
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Global temperature model simulations in which estimates of current levels of anthropogenic 
warming following the start of the industrial revolution (1861 to 1880) is 0.93ºC, and 
from which the amount of warming remaining before Day Zero of 1.5ºC that must be 
curbed within 40 years from now, as recommended by the UN Paris Agreement (UN 2015). 
Uncertainties about global temperature averages used to take these numbers into the 
future are shown for Surface Air Temperature (SAT; red line) and for a blend of SATs and Sea 
Surface Temperatures (SST; masked coverage blend; purple line).

The double headed arrow and accompanying value indicate difference between red and 
purple lines in 2015. Additional arrows indicate Global Mean Surface Temperatures (GMST) 
when the different models pass 1.5°C (along the horizontal black line). A model range for the 
decade between 2050 and 2060 (here referred to as a baseline) is shown in the right panel. 
Population estimates (in billions) are from UN. 

There are still significant uncertainties related to the predictive baseline outcomes (e.g. 
1.5°C may be reached  even by 2030-2040; Leach et al., 2018; Tokarska, 2018; Goodwin et 
al., 2018; Steffen et al., 2018; IPCC, 2018) that can drive wide and variable ranges of policy 
decisions by different nations and social choices about their carbon budgets related to 
electricity/energy production/consumption linked to coal and gas (modified from de Wit, 
2019, after Millar et al., 2017).

tainty in surface-warming projections and 
reduces the range in equilibrium climate 
sensitivity (Goodwin et al., 2018). This 
study finds that a warming target of 1.5°C 
requires that carbon emissions be kept 
less than 195–205 PgC (petagram of 
carbon = gigatonne of carbon, GtC) from 
the start of year 2017, whereas a warming 
target of 2°C is only likely if the emitted 
carbon remains below 395–455 PgC. At 
the current emission rates, these warming 
targets are reached in 17 to 18 years (or 
22 years using models of Leach et al., 
2018) and 35 to 41 years, respectively, 
emphasising that there is a limited window 
to develop a more carbon efficient future. 

Thus actions required to limit conditions 
to below just 2°C remain challenging (e.g. 
Seneviratne et al., 2016, 2018; Tokarska 
2018; Comyn-Platt et al., 2018; Steffen et 
al., 2018; IPCC, 2018). How then can we 
be sure that the goals of limiting global 
temperature rise can be contained to 
1.5oC? Since it is predicted that coal and 
oil will likely continue to be used for energy 

supply well into the present century, 
shale gas may provide an alternative  
to help reach the challenging goals 
to limit warming to 1.5°C, minimizing 
heat extremes and their associated 
socio-economic impacts. Can shale 

gas play a significant role in achieving 
this? In this respect tail production of 
SG-wells, for example,  can be increased 
through better fracturing techniques 
and alternative  working fluids such as 
CO2 , to increase shale gas recovery and 
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Whilst there are great, and often 
emotional arguments about 
whether shale-gas leakage is 

rife (Fox, 201012 ; Vengosh et al., 2014), 
there is no denying that SG-extraction 
may induce methane leakages, especially 
where poor constructed wells will contin-
ue to do so into the future. A good exam-
ple is the present day leakage of methane 
from poorly cemented SOEKOR holes and 
well-construction, drilled more than 
50 years ago (Figures 3 and 7 ; and see 
Box 13).

Clearly, methane can be both a loser and a 
winner – why do we need such a winner?

In part linked to the predicted changes 
in atmospheric  GHG, the 2015 FCCC 
– Framework Convention on Climate 
Change (UNFCCC) Paris Agreement ex-
pressed that a target of holding the global 
temperature increase to well below 20oC 
above pre-industrial levels and pursuing 
efforts to limit the temperature increase to 
1.5o C would significantly reduce the risks 
and impacts of climate change (UN, 2015; 

IPCC, 2018). Moreover, recent economic 
evaluations indicate that limiting warming 
to 1.5°C would significantly reduce 
economic damage (by more than US$20 
trillion) and lessen global inequality (Burke 
et al., 2018). But the models on which all 
these estimates are based are still under  
scrutiny (Figure 4); and oversimplified (e.g. 
Peters, 2018; de Wit 2019). 

Nevertheless limiting global warming 
to 1.5°C relative to 2°C would have 
substantial benefits globally in terms of 
reducing occurrences of extreme events 
similar to historical record-breaking sea-
sonal extremes. If these simulations are 
representative of the true climate system, 
there could be substantial differences  
in the regional impact-relevant aspects 
of the climate between the 1.5 and 2°C 
warmer worlds. The distinction between 
1.5°C and 2°C warmer worlds might be 
much greater in terms of daily extremes. 
How these differences in climate extremes 
may translate into  human and ecosystem 
impacts - considering that global warming 
greater than 1.5°C might worsen other 
major problems, such as food security, 
water availability and disease outbreaks - 
remains uncertain. 

Recent modelling, based on theory and 
geological evidence, narrows the uncer-

F I G U R E  3 . 

Local farmers and scientists discussing (and lightening) methane-gas and saline-water 
leakages at a deep Soekor borehole in the Karoo.

PHOTO BY THE LATE HYDROGEOSCIENTIST GERRIT VAN TONDER

Shale Gas and Climate Change
There is much debate about the potential influence of SGD on the decrease, or not, of global 
warming (e.g. McJeon et al., 2014). Moreover, whilst there is agreement that changing from 
coal-based to methane-based energy consumption can substantially decrease CH4 emissions 
and its long term transformation thereof into CO2, the debate remains in the ‘Court of Leakage’ 
at the production site. CH4 is a potent greenhouse gas that in the short run is roughly 30 times 
more effective as a GHG to the climate change than CO2. Thus, if SGD cannot control escape 
of methane (and related gasses) into the atmosphere, whether related to poor drilling and 
hydraulic fracturing, or due to poor casing during gas extraction and after well-abandonment, 
then methane potential to help stabilize future global warming climate change will not emerge.

12  Josh Fox’ s 2010 documentary Gasland – fracking causes 
natural gas to contaminate aquiver that people drink and that 
injection of hazardous materials unchecked directly into or 
adjacent to underground water supplies. Independent studies 
have shown that the ‘famous’ scene in which water from a 
tap ignites, comes from coal seam methane and not gas-
shale (Flannery, 2016; Sernovitz 2016).
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A )  Comparison of the number of wells drilled in Pennsylvania overlaid across the south-eastern 
Karoo where shale gas exploration and development may occur in future. Note the tectonic 
contacts in the Appalachians and that separating the Cape-Karoo boundary (pink from blue) are 
similar, and south of which no gas is preserved. Thus, the eastern Karoo and Pennsylvania gas-
rich basins are similar in areal extent, geology and geo-tectonic settings behind their respective 
orogenic-linked mountain systems (see Figure 1). 

B)  Locations of wells in Pennsylvania that received at least one non-administrative violation 
between 2005 and 2013 (Brantley et al., 2014).
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minimize environmental impacts such 
as through carbon sequestration (e.g.  
Middleton et al., 2017). However, amidst all 
of these debates, opposing  positions and 
speculation about the future of SGE in the 
Karoo, very little is predictable or definite  
beyond the fact that without the drilling 
and testing of exploratory wells, ongoing 
discussions will remain an academic 
exercise. Similarly, this will depend on the 
exploration companies who will be making 
the decision to invest (or not to invest) in 
SG exploration in the Karoo. A significant 
consideration for permit  holders seeking 
to conduct exploratory drilling and seismic 
tests in the Karoo, has been the lengthy 
delays in government authorisation of 
their applications for  exploration.

Compounding this will no doubt be the 
outcome of the Grahamstown High Court 
Ruling delivered on 17 October 201713, 
which has served to confirm government’s 
(in particular the DMR) inability to provide  
the much needed policy leadership 
required in the process. 

Today, almost 11,000 shale-gas wells 
occur across the landscapes of 
half of Pennsylvania, USA (Brantley 

et al., 2018), equivalent to about a third 
of the Karoo (Figures 5 and 6). Small 
spills and leaks of Production Fluids14  
occasionally occur across the surface 

In particular, is its seeming inability to ef-
fectively  coordinate and mobilise a ‘whole 
of government’  approach to dealing 
with the process, and the ushering- in 
of the ‘One Environment System’ (e.g. 
NEMA, 2008)  in the mining and mineral 
extraction sectors. Given the current 
impasse in the process, it would  be 
irresponsible for policy makers, regulators, 
and communities to assume that this is 
the end of proposed SGD in the Karoo and 
plans to explore and test the economic 
viability of Karoo shale gas. The fact that 
Shell has announced its ‘cooling off’ from 
its Karoo SG project, and the late 2017 
Grahamstown High Court ruling in favour 
of those in opposition to SGD – forcing the 
National Department of Mineral Resources 
(DMR) to withdraw the current MPRDA 
Regulations for exploration, means 
that ongoing exploration and licencing 
processes in the Karoo will experience 
further delays (see section: Summary and 
Perspectives, p 131 for details). Similarly, 
the recent  withdrawal by an Australian 
uranium mining company from the Karoo, 

due to mounting public pressure and gov-
ernment’s shelving of the nuclear build 
programme, have all somehow fuelled 
the percep tion amongst the public that 
proposed SGD has also been shelved. 
However, nothing could be further  from 
the truth, and contrary to popular opinion, 
and unless otherwise stated by either 
government and/or applicants in the 
Karoo Basin, prospective SGD in the 
Karoo has not yet been scrapped. Indeed 
the Minister of Energy (SA Energy Depart-
ment) has released a new draft Integrated 
Research Plan (IRP 2018) that includes 
significant gas (ca.16% for the period 
ending 2030; 35-45% for new capacity 
building during the decade 2041-2050, 
when it is likely more than 80% of the 
energy produced will be from renewables 
and gas), and the risk associated with 
increasing gas volumes to support re-
newable energy will significantly decrease 
if gas becomes available locally (e.g. 
Karoo shale gas). Baseline data therefore 
remains crucial – and will be valuable 
even if SGD never materialises. n

Baseline studies in the Karoo:  
Why do it; and where to start?
In essence, baseline data allow rigorous regulations to be 
implemented and tested to ensure safe and reliable gas 
extraction in the Karoo. The goal is to establish pre-drilling 
conditions to avoid adverse environmental and social legacies 
similar to that from abandoned mine discharges and the socio-
economic status of the South African mining industry in general 
(e.g. Butler-Adam 2016).

13  Ruling by the Eastern Cape Division of the High Court of 
South Africa (Case no. 5762/2015), delivered on the 17 
October 2017. 

14  Water returned from HVHF wells after fracking is commonly 
referred to as ‘Flowback Fluid’, or the more generic term 
‘Produced Water’. The term fluid is used because induced 
and returned water is chemically and physically not 
pure water.  For technical purposes, chemicals are added 
artificially to the induced water (Induced Fluids), and natural 
chemicals from the geological formations and the shale 
gas reservoirs are dissolved before these fluids return to 
surface as Flowback Fluids (that also have different physical 
properties).  

Knowledge about such produced fluids is generally poor 
because of a lack of understanding of how in detail fluids 
flow through the fracture systems in the shale reservoirs 
and overlying rock units; and lack of knowledge about 
spatial variations in the geochemistry and geophysics of the 
rocks and reservoirs. Increased salinity in Produced Fluids, 
for example indicate that the Induced Fluids reacted with 
fossil seawater reservoirs whose chemistry and mineralogy 
can vary significantly at levels measured in parts per 
million; increases in radioactive chemicals indicate natural 
occurrences of, for example, uranium minerals in the host 
rocks, which in are known to be high in some Karoo rock 
sequences (which is why there is interest also in uranium 
mining in sectors of the Karoo), but not in the Karoo gas 
bearing shales.  

Flowback Fluid with high TDS (Total Dissolved Solids) that 
have changed significantly from the Induced Fluids such 
as salt) so that they cannot be cleaned up for recycling, 
are called Residual Fluids. In the USA, the latter are usually 
disposed of by re-injection into deep disposal wells. Over 
re-injection in disposal wells are known to create sizable 
earthquakes in regions lacking knowledge about deep 
seated geology and geophysics (e.g. Elsworth et al., 2016; 
Shirzaei et al., 2016; see also Soeder 2017).  

Residual waste that is not classified as hazardous waste 
(as regulated in the USA under their National Resource 
Conservation and Recovery Act) are managed by local 
(state) authorities under approved waste plans.

above the Marcellus shale, and add to a risk 
of cumulative impact and amplify public 
perception of risks of water quality. Baseline 
studies especially linked to water and gas 
migration and contamination are ongoing 
and expanding in the USA (e.g. Soeder, 
2018) and the UK (e.g. Ofterdinger    
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Top Left: Air-photo across a 1966 Soekor 
drill site with, on the right, an artifi cial water 
dam, in the Western Cape Province. 

Top Right: fi eld photo of this drill site. 

Bottom Left: same Soekor site on a Google 
image, 52 years later (see Box 13, Figure 
B13.1 for location on regional map). Red pin 
= drill site of top images. The site covered 
approximately 15 000 m2 (red pentagon). 

Bottom right: Recent fi eld visit to measure 
methane leakage at this drill site. Almost all 
vegetation has recovered and ecosystems 
services, including water in the critical 
zone, have been restored. These Soekor 
sites provide unique baselines for our AEON 
baseline research, since these sites, drilled 
about 50 years ago, provide accurate data 
linked to poor drill hole casing and other 
contamination during drilling that provide 
information how fracking sites and related 
drill holes and casing might evolve into the 
future if note restored with much greater care 
and better engineering than was the case in 
the 1960s.

technology, the host rock must have a total 
organic content (TOC) of more than 2%. 
In the Karoo the 20-60 m thick Whitehill 
shale at depths between 1.5-5km in the 
southern part of the Karoo basin fits that 
requirement (Boxes 2, 3 and 8), where they 
are not intruded by dolerite sills (Box 6), 
as do many other shales in the overlying 
formations that have not yet been analysed 
in detail (Chere et al., 2017; Box 3). 

The Whitehill shales have all the other 
requirements, similar to the Marcellus  
shales (e.g. geochemistry, mineralogy, 
vitrinite reflectance, organic matter, 
porosity etc. that make it a good  target) 
to explore for shale gas (Chere et al., 2017; 
Schultz et al., 2018; Box 3). 

SOEKOR drill holes in the 1960s, which 
targeted conventional oil and gas 

resources, were unsuccessful because 
the technology focussed only on drilling 
into  reservoirs that would freely liberate 
hydrocarbons from such ‘conventional’ 
reservoirs. AEON’s research findings 
show that many of SOEKOR’S deep 
holes that passed through the Whitehill 
shales are, today, still  leaking substantial 
thermogenic methane (Figure 7). 

In essence therefore these drill holes 
provide a unique baseline within a 
baseline: these drill holes were closed  
and sealed more than 50 years ago, and 
thus can now be used to evaluate the long 
term effects of poor well construction 
and closure that should not be repeated. 
In addition, ecological and hydrological 
systems of  the surrounding critical 
zone15 record data that reveals how these 
systems have reacted and adjusted to gas 

leakage over more than a half a century. 

Moreover, the scientific data from the 
SOEKOR boreholes, and the exceptional 
preservation of hard rock cores extracted 
from these drill holes that are today 
carefully stored in the Core Shed of the 
Council  for Geoscience in Pretoria, and 
provide an additional scientific archive 
of Karoo rock sequences down to 5 km 
below surface, which, at today’s prices, 
would cost hundreds of millions of 
dollars to retrieve. This is another unique 
data-base, very little of which has been re-
investigated by the academic community. 
This archive of cores became the starting 
blocks (rocks) for our baseline studies  
(Figure 8) after AEON initiated studies in   
the region that it identified where early 
SGD might be initiated (Figures 9a, b).

15  Earth’s critical zone is the near-surface 
layer of the planet - Earth’s ‘porous 
crust’ within which all life-sustaining 
spheres and resources of Earth interact, 
including the atmosphere. Understanding 
connectivity throughout this ‘skin’ down 
to depth of up to 8 km, near the lowermost 
barrier to life, is crucial because it links 
subsurface regions of exploration and 
extraction processes of resources with 

human socio-economic development 
built on minerals, soils, water, energy 
with increasingly harmful environmental 
feed-back mechanisms. To enable broad 
understanding of the evolution, function 
and sustainability of the Critical Zone, 
Critical Zone Observatories around the 
world have begun to articulate scientifi c 
questions that are common and have value 
across the entire CZO network beyond 

just the surface range of environmental 
and landscape settings. Those questions 
are: What controls CZ properties? And 
processes? What will be the response of 
CZ structure, and its stores and fl uxes, to 
climate change? And land use change? 
And resource exploitation? How can 
improved understanding of the CZ be used 
to enhance resilience and sustainability 
and restore function of the CZ? - extending 

from the surface of unaltered bedrock to 
the atmospheric boundary layer. Critical 
zone science is the interdisciplinary study 
of the natural processes that shape the 
critical zone and determine its evolution 
and the effects of natural and human-
induced change (www.czen.org).
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et al., 2018), but this is all done in 
retrospect.  The major impacts associated 
with HVHF and SGD are likely to be 
expressed at the landscape scale by  
processes such as loss of landscape 
connectivity, decreased provision of 
agriculture and ecosystem services, 
fragmentation of population and ongoing 
debates about redistribution of land.  

In the USA, many community water-
organisations monitor streams and water 
quality. Such capacity does  not exist in 
the Karoo. Moreover, local municipalities, 
provincial, national governments or 
scientific state agencies are presently 
not capacitated or involved in systematic 
testing and recording data made available 
to the public, mostly because of financial 
or human resource constraints. To-date, 
very limited communications among 
scientists with Karoo communities has 
focussed only on potential impacts of 
SGD related for  example to seismic risks, 
ecosystem services and in particular 
water pre- and post-drilling and extraction.

To facilitate this, AEON’s baseline 
research focussed on community 
engagements with farmers, municipalities 
and developed Citizen Science projects 
to enable local participation and learning 
(see Box 28).

However, the experience is that there is 
a reluctance to share data about water, 

even though groundwater is not a private 
property and this resource moves across 
ownership boundaries.  

Whether shale gas developments will 
take place at all eventually is closely 
tied to the rise and potential success 
of alternative energy industries and the 
timing needed to potential discovery and 
extraction of economically viable shale 
gas in the Karoo. The latter will likely 
not be achieved before 2020 and 2025, 
respectively. There is thus ample if tight 
room for constructive scientific evidence 
gathering to enable balanced decision 
making processes. Central to this 
research is to construct a globally unique 
shale gas baseline prior to its extraction 
processes.  

Against this backdrop, AEON created 
an opportunity in 2014 to start a Karoo 
Baseline research project. This project 
has now achieved 4 years of results and 
the aim of this report is to communicate 
some early results and ongoing learning 
processes.  

Typical shale reservoirs have ultra-low 
porosities (1000 times less porous than 
pavement cement) and no connectivity 
(permeability) between these pores, thus 
requiring artificial cracking of the host 
rock to ensure efficient extraction of its 
gas; hydraulic fracturing is an effective 
technology to achieve this. The gas is 
referred to as unconventional because 
in other rocks with greater permeability 
and porosity, the gas can be  ‘sucked’ out 
by merely drilling into the resource. It is 
not our intention here to repeat in depth 
explanations  of this unconventional 
extraction technology and its historic 
evolution; the interested reader is referred 
to Zuckerman (2013), Gold (2015), Lee and 
Kim (2016) Soeder (2017, 2018), Gamper-
Rabindran (2018) and references therein.  

To achieve economic viability of this 

F I G U R E  6 . 

Typical hydraulic fracturing sites (top – 
winter/autumn) and completed gas-wells 
(bottom – autumn) in Pennsylvania, USA

... AEON created an 
opportunity in 2014 to start 
a Karoo Baseline research 
project. This project has now 
achieved 4 years of results 
and the aim of this report is 
to communicate some early 
results and ongoing learning 
processes.  

PHOTOS: M DE WIT, 2014 AND 2017
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AEON’s baseline research explores and 
quantifies the natural status of geology, 
physics and chemistry of this Critical 
Zone15 (Figure 10 and see Box 1), 
enabling identification and tracking of 
present and future anthropogenic ‘genes’ 
and thus certify their negative ecosystem 
services linked to shale-gas.

Central to this is water, including 
groundwater. How much is there; what 
is the subsurface connectivity between 
natural water reservoirs throughout the 
Critical Zone (Boxes 1 and 2).The hope 
and anticipation of shale gas as the ‘game 
changer’ for the country, and the Karoo 
remains speculative, and unsubstanti-
ated. In fact, literature on the effects of 
boom-bust cycles on resource dependent 
communities has  shown the converse to 
be true in certain instances. This has often 
resulted in a resource curse rather than 
an endowment for local communities, 
especially the  poorest and most vulnera-
ble within these receiving environments. 
These impacts include an influx of migrant 
labour, breakdown in social fabrics and an  
increase in social tension, and unwanted 
environmental impacts over time. 

This is exacerbated by the lack of social 
infrastructure such as adequate housing, 
water and electricity, and  health services 
to these affected areas. Whilst Social and 
Labour Plans (SLPs) have often failed to 
sufficiently address these compounded 
impacts of the boomtown effect on a 
small rural town confronted with resource 
dependency South Africa now has an 
opportunity  to learn from the lessons 
acquired in these receiving environments 
linked to the Witwatersrand gold, the 
Bushveld platinum and the Mpumalanga 
coal mines, in mitigating this pattern of 
negative impacts on local communities 
within the receiving environment of the 
Karoo (see Boxes 21-26). 

Similarly, in Pennsylvania, where shale 
gas development, has been ongoing for 

decades with divergent opinions on the 
impact of this sector on local communi-
ties, a significant body of research has 
emerged16. 

However, whilst legislative and structural 
conditions might differ from one jurisdic-
tion (such as the USA) to another (such as 
South Africa), the technologies and direct 
inputs for production/extraction of the 
resource remain the same. Furthermore, 
SGD is not the same  as conventional oil 
and gas production, or mining. It is more 
akin to mobile industrialisation with drilling  
and HVHF rigs moving from one site to 
another on an ongoing basis. The reason 
for this is the chemical and physical 
characteristics of the shale in which the 
gas is located, which requires that a gas 
well be repeatedly  stimulated during its 
productive life. 

Whilst it is well-acknowledged by all that 
shale gas development will present signifi-
cant technical, scientific, environmental and 
socioeconomic challenges, and that these 
be carefully analysed and evaluated before 
gas-harvesting is considered, none of the 
stakeholders are well-informed about the 
scientific and technical issues related to 
shale gas extraction,  or thoroughly under-
stand the potential pit-falls of gas-devel-

opment in the Karoo. This is especially true 
of the growing poor urbanised communities 
residing in  small rural towns around the 
Karoo (CER, 2011)17 .The confrontational 
tensions are mostly related to a lack of data, 
lack of access to data, and lack of consulta-
tion, resulting in growing suspicion on either 
side of  the debate. This is not a sustainable 
way to manage a common resource (Boxes 
20, 27). 

To that end, a consortium of government 
ministries recently have called for national 
agencies and independent expert groups to 
provide information and assemble new and 
existing data to determine if  South Africa 
is indeed ready for Shale Gas Development 
(SGD), scientifically, technically, socially, 
legislatively (e.g. SEA, 2016a,b). Presently 
the consensus is a resounding ‘No’ (ASSAf, 
2016). Similar enquiries are ongoing in 
shale-gas rich nations across the globe, 
including in developing countries with needs 
for rural development, such as Argentina 
(e.g. ATSE, 2015; Gamper-Rabindran, 2018). 

There is now overriding agreement, 
globally, that the most important first steps 
to be undertaken are ‘Baseline Studies’. 
In the Karoo this requires documenting 
and analysing and the status quo of the  
receiving environments, both natural and 
social, where exploration/exploitation of 
gas is likely to be undertaken. Without 
such baseline data, possible damages 
and none-delivery from SGD will be near 
impossible to litigate against (de Wit 2011 
ASSAf 2016; SEA, 2016a,b). And, this must 
be transdisciplinary - what Katzchner 
(2016) refers to as ‘everything issues’; a 
holistic approach, not governed by capital 
investment  and control only. 

In early 2014, as part of a five year trans-
disciplinary research programme, AEON 
established a natural baseline framework 

Central to this is water, including 
groundwater. How much is 
there; what is the subsurface 
connectivity between natural 
water reservoirs throughout 
the Critical Zone. The hope 
and anticipation of shale gas 
as the ‘game changer’ for the 
country, and the Karoo remains 
speculative, and unsubstantiated. 

16  The Marcellus Center for Outreach and Research (MCOR) 
http://www.marcellus.psu.edu/;http://www.shalenetwork.
org/; http://www.marcellusmatters. psu.edu/. 
 

17  Evidence of this is also emerging from ongoing interactions 
and consultative work undertaken by AEON’s research 
team within various forums across the Karoo, most notably 
community inputs made at a Community Shale Gas 
workshops convened in Cradock (see Boxes 20, 24, 25, 27-29)
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AEON researchers logging deep 
drill-hole cores at the national core 
library, Pretoria (May 2015). These 
cores were obtained from SOEKOR 
drill-holes more than 50 years ago 
(see Figure 7a). Note black carbon-rich 
Whitehill shales are now weathered 
white because of oxidation after being 
exposed at surface. For location of all 
drill-hole cores see Figures 12, 18, and 
Box B2.2.

F I G U R E  9 A . 

Google view across southernmost Africa, 
showing areas most likely to be explored for 
Shale Gas. Black dots = deep Soekor drill 
sites from the 1960s; Black lines = areas 
where exploration licenses have been granted 
(Falcon, Bundu, Shell). Orange rectangles with 
white boundaries = baseline research areas 
of AEON. Areas highlighted in Blue = SKA; in 
Green = UNESCO world heritage Succulent 
Karoo ; White = areas where gas-bearing 
shales occur above 1500 m below surface – 
grey-black shows surface outcrops of these 
shales in the north and south, respectively. 
It has been advised that technically it is not 
safe to initiate HVHF above 1500 m (see 

ASSAf, 2016; SEA, 2016a,b). In areas intruded 
by large volumes of dolerite sills (red; 
constructing the escarpment, north of the 
Camdeboo Plain (see Figure 9b) have likely 
deflated the gas reservoir; and to the south 
the shales are too depleted since their gas 
was ‘squeezed’ out by tectonic forces during 
the formation of the Cape Mountains (thin 
folded black lines; e.g. north of Suurberg, 
Figure 9b). This view indicated that the 
most likely initial exploration will start in the 
Eastern Cape (the area in around Cradock 
has been identifi ed by AEON as a potential 
socio-economic hotspot linked to a drilling 
technology center (see Figures 26 and 27, 
section ‘Moving Forward’).



2 5S H A L E  G A S  R E A L I T I E S  @  K A R O O. Z A    / 

across the south-eastern Karoo  before   
the start of hydraulic fracturing to exploit 
potential shale gas. The studies cover 
a wide range of interactive projects, 
water quality, seismicity, gas  sources 
and leakage detection, shallow and deep 
geophysics, drilling and geo-engineering, 
socio-eco nomic, legal and rural engage-
ment issues, risk analyses, numerical 
modelling and database management. 
The research project involves deployment 
of state-of-the-art instruments. 

To overcome apparent deadlocks over 
the effects of exploitation of the natural 
resources of the Karoo,  and in particular 
its potential shale gas, and recently 
uranium (see Box 27), we have developed 
a Karoo Baseline Project: an action 
research collective specifically focused 
on social and natural ecosystems. A key 
aim of the project is to connect scientists 
and non-scientists in more democratic 
and mutually beneficial  relationships of 
knowledge production and sustainable 
use of the Karoo common. 

At Nelson Mandela University (NMU) we 
are pursuing these baseline studies of 
shared resources through a completely 
new field of transdisciplinary academia 
(Earth Stewardship Science)  that links a 
range of existing disciplines from science 
to the humanities, to holistically tackle 
problems facing the planet, its commons 
its people and all cohabitant species. The 
central aim is to check whether it might  
be feasible and to determine what the 
potential for shale gas could be. But, more 
importantly than this, it is to conduct a 
baseline study of the Karoo, so that if 
a go-ahead is given for gas extraction, 
and if things go wrong with surface 
water, air quality or the area’s  ecology, 
these matters can be taken to court with 
confidence.  

A second goal is to test how interrelated 
systems of knowledge and action relate 
to historically constituted patterns of 
power and how these may be changed to 
facilitate more democratic and inclusive 

socio-ecological relations. Is there a 
need to avoid having certified Karoo 
Basin experts’ research serve as the only  
legitimate foundation for policy, while the 
indigenous experiential and embodied 
knowledge and concerns of the uncertified 
stakeholders are devalued as unsystemat-
ic and non-scientific? 

This challenges everyone to denaturalise 
the privileged gaze of natural sciences 
(e.g. Katzschner 2016). It has been argued 
extensively elsewhere (e.g. Burke and 
Heynen 2014 and references therein) 
that new  practices to promote public 
engagement in science are valuable but to 
date insufficient, largely because they do 
not address underlying political-economic 
and cultural inequalities. The Karoo is a 
palimpsest with a large number of socio 
political layers that represent evolving 
values of its custodians, from displaced 
indigenous people to those of the more 
recently present landowners. 

The push for public participation in 
science is vital for ensuring that popular, 
marginalized knowledge and values are 
foundational to environmental politics 
rather than appearing as mere after-
thoughts or backlashes. 

Questions of who decides how nature is 
valued, what  parts of nature are sold, how 
those parts are packaged, how much they 
are sold for, and who benefits from these 
sales are all central to the well-being of 
the Karoo. Yet the public is rarely invited 

to address these questions. The Karoo 
history knows how different ways  of 
knowing nature and organizing society 
to extract value from it—are central to 
power, hegemony, and injustice. Much 
of the knowledge produced through 
traditional scientific methods remains 
unused, inaccessible, and sometimes even 
damaging to marginalized peoples and 
their environments. 

To address the above, relatively recently 
‘Citizen Science’ (CS) has emerged as a 
means to achieve  greater community par-
ticipation, and has generated increasing 
interest because it aims to enhance data 
collection and science education through 
direct community involvement with 
genuine research projects to give citizens 
a substantive role as knowledge producers 
and eventually entrepreneurships  linked 
to new opportunities. By transforming CS 
into participatory action research, there is 
real promise to counter historical exclu-
sion of marginalized groups from science 
(Pandya, 2012). AEON therefore also 
initiated a citizen science project, and has 
focussed on extensive community  en-
gagements, and school education, both to 
explain the technologies in plain language, 
and to listen to concerns of, for example, 
established and emerging farmers, of 
municipal workers and indigenous people 
(Figure 11,  and see Boxes 21-26, 28, 29). 

AEON’s baseline studies therefore incul-
cate a response  to problems that simulta-
neously seeks changes in the way science 
is done, the inequalities established within 
and through knowledge systems, and 
broader social inequalities that affect 
environmental politics and the  distribution 
of socioecological burdens. 

Finally, why do baseline studies if the data 
is not openly available? Data sharing - 
overcoming the battles over information 
– is central to collective decision making 
and testing the validity of claims and 
counterclaims. AEON has designed an 
on-line data management program to 
address this (see section: Data). n

...more importantly than this, 
it is to conduct a baseline 
study of the Karoo, so that if 
a go-ahead is given for gas 
extraction, and if things go 
wrong with surface water, air 
quality or the area’s  ecology, 
these matters can be taken 
to court with confidence. 
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F I G U R E  9 B . 

Aerial view showing general geomorphology 
of the central area of AEON’s Baseline 
research blocks (see Figures 9a and 12a). 
A narrow, relatively flat region between 
Jansenville and Graaff-Reinet is flanked 
by ridges of the Cape Fold Belt in the south 
and mountainous areas to the north. The 
latter are linked to Karoo igneous sills (red) 
that stall rock erosion (hence their height 
elevations), but possibly also have affected/
leaked shale gas reservoirs (see Box 6).

F I G U R E  1 0 . 

Schematic illustration broadly highlighting the various regions encompassed within the 
Critical Zone, especially the lower Critical Zone lithosphere and fracture connectivity 
(modified after Critical Zone Observatories; http://www.czen.org; http://criticalzone.
org). To establish current conditions of the Critical Zone (defined as the zone linking 
the upper lithosphere, hydrosphere, pedosphere and biosphere across the Karoo and to 
complete a potential impact assessment prior to exploration.
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F I G U R E  1 2 A .

Simplified map of the Eastern Cape, highlighting the 
AEON Shale Gas Baseline research area subdivided 
into three study blocks, two of which, in the 
hinterland, overlap with the easternmost licensed 
exploration precincts of three companies across 
predominantly private land ownership; and one 
that flanks the coastline of the Indian Ocean, which 
covers a large section of former homelands and now  
communal-land.

F I G U R E  1 2 B . 

Simplified illustration highlighting selected 
interrelated issues, impacts and risks associated 
with shale gas development in the Critical Zone 
that require transdisciplinary baseline studies to 
determine the effects of natural and human-induced 
changes and their long term evolution. Clearly these 
projects aim to set baseline data from which reliable 
decisions can be made by public and government 
to address the most central issues of water, energy, 
food-security, health and geo-ecosystem services. 
The AEON baseline  program currently includes 35 
such linked research projects (Table 1). (Modified for 
the Karoo from Zoback and Arent, 2014; Morkel and 
de Wit, 2018).
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Early scientific baseline information from the 
south-eastern Karoo

This is linked in part because of its 
relatively wetter climate conditions 
compared to the south- and north-

west, and in part because the present avail-
able geological data suggest better gas re-
turns there linked to sufficient depth be-
low groundwater systems to avoid possible 
water contamination during fracking (e.g. 
Chere et al., 2017; Boxes 10 – 12). Howev-
er companies may not be required to collect 
reliable, certified baseline data, for example 
quality ground water data. Therefore, how 
might local communities benefit from bet-
ter knowledge about climate change to wa-
ter security, from politics to poverty, from 
resource economics to linked land and ur-
ban development challenges? 

AEON therefore selected a trial area in the 
Eastern Cape that allowed a wide range 
of scientific, social, economic and political 
baseline data to be collected and integrated 
into a transdisciplinary programme,  which 
could benefit national and provincial 
decision making about potential resource 

F I G U R E  1 1 . 

Community hall, school and municipal engagements during AEON’s Karoo Baseline project 
(e.g. top left – Health Science researcher Shanene Olivera; see Box 25).

The Karoo faces many 
existing and future 
challenges, none of which 
can be solved by individuals 
working in isolation. And, 
whilst there may still be a five 
year window of opportunity 
before the potential start 
of SGD, early exploration 
will most likely start in the 
southeastern region of the 
Karoo Basin. 

extraction linked to local community 
knowledge enhanced through citizen  
science (Figures 12 a, b; Boxes 21-28). 

And, even if this never materialises, 
AEON’s socio-scientific research work 
would leave South Africa with a funda-
mental baseline of the Karoo Critical 
Zone (Box 1), against which to measure 
other future developments in the Karoo 
related to ongoing agriculture, tourism, 
game ranging, renewable energy farms, 

and  fundamental sciences (e.g. Wakeford, 
2016; Todd et al., 2016; Morris et al., 2016; 
Kijko et al., 2016). 

AEON’s baseline analyses range from 
studies on deep geology/geophysics and 
groundwater geochemistry, vegetation and 
freshwater invertebrates to the socio-po-
litical economy of shale gas development 
and how to engage local communities in 
scientific and health research (Figures 12b 
and 13). n
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A E O N  B A S E L I N E  R E S E A R C H  P R O J E C T S  2 0 1 4 - 2 0 1 8  ( C O N T I N U E D )T A B L E  1 : 

AEON Karoo shale Gas baseline researchers and mentors in 2014, 
when the research group included 26 graduate students, 3 post-
doctoral researchers and 5 permanent staff mentors. By early 2018, 
this number expanded and the AEON baseline program reached 35 
transdisciplinary research projects, whilst 8 students graduated (8 

Masters 5 PhD degrees). End-2019 the majority of the remaining 
students are expected to graduate, whilst new replacements are 
building on our results (Table 1). To ensure reliable baseline results, 
AEON has selected a relatively small area in the southern Karoo of 
the Eastern Cape Province (Figures 9 a,b; 12 a,b).

SYSTEMS PROJECTS DEPARTMENT BOXES DEGREE

PEOPLE 
SOCIO-ECONOMICS  

PUBLIC PARTICIPATION  
CITIZEN SCIENCE 

RISK & REGULATIONS 
LAND & INDIGENOUS 

RIGHTS 
EPIDEMIOLOGY

Community impacts - history and dynamics Political Science  20 PhD

Developing Citizen Science capacities within rural communities Social Science 27 PhD

Water accessibility in townships Geoscience 25 MSc

Agriculture livelihoods Social Science 21, 22 MA

Climate change and organic/conventional farming in the Karoo Social Science 23 MSc

Land tenure rights Social Science   MA

Social designs and entrepreneurship Arts/Applied 
Design   MDipl

Endemic health and disease patterns Health Science 24 MSUR

DATA 
MANAGEMENT Big data integration and visualisation of multi-parameter IT Science MSc

DOCUMENTARY Video-scientific documentary of Baseline Research Arts/Applied 
Design 28 MDipl

F I G U R E  1 3 . 
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AEON subdivided its baseline data gathering into four interconnected systems: Earth, Water, Life, and People. The table below 
briefly summarises the aims, methodologies and preliminary results summarised in a series of ‘Boxes ’ (1-29).

SYSTEMS PROJECTS DEPARTMENT BOXES DEGREE

EARTH 
GEOLOGY 

GEOPHYSICS 
GEOCHEMISTRY 

GEOMORPHOLOGY 
GASSES

Stratigraphy of the main Karoo Basin and Gondwana equivalents Geoscience 2 Post-Doc

Micro-seismicity based on ambient noise and broadband wave field Physics 7 Post-Doc

Micro-Seismic velocity inversion and 3-D tomography of the Karoo Basin Physics 7 PhD

Testing local microseismic swarms Geoscience 7 MSc

3D Magnetotelluric Modelling of deep water reservoirs Geoscience 8 MSc

Airborne geophysics for subsurface architecture and natural resource detection Geoscience 9 MSc

Characterising brittle deformation structures of the Critical Zone Geoscience 1 PhD

Geochemistry, Geochronology and Petrology thermal effects on gas leakage of 
dolerite sill and dykes Geoscience 5 + 6 PhD

Metamorphism and fluid migration adjacent to dolerite dike and sill contacts. Geoscience 6 MSc

Geology and geochemistry of Karoo Black Shales Geoscience 2 - 4 MSc

WATER 
SURFACE 

GROUND-WATER 
DEEP-WATER 

SOIL

Mineralogical and chemical composition of groundwater Geoscience 10 - 12 MSc

Groundwater depths, chemistry and aquifer connectivity yields Geoscience 10 PhD

Geochemical characterisation of the shallow water aquifers Geoscience 10 - 12 MSc

Age and origin of groundwater Geoscience 12 MSc

The prevalence of methane in the shallow groundwater aquifers of the Karoo 
and the origin thereof Geoscience 13 MSc

Distribution of uranium (U), molybdenum (Mo) and mercury (Hg) bearing 
minerals as potential sources for toxic elements in ground-and-surface water Geoscience 26 MSc

Groundwater aquifers of the Karoo in the Eastern Cape Geoscience 11 MSc

Landscape functionality and spectral analysis Geoscience   PhD

LIFE 
ECOLOGY 
BOTANY 

ZOOLOGY

A Diatom early warning system to detect surface and groundwater 
contamination Life Science 17 PhD

Invertebrate assemblages in lakes and wetlands Life Science 16 PhD

Controlled laboratory experiments using fracking fluids on Succulent and 
Thicket vegetation Life Science 14 PhD

Controlled field experiments using fracking fluids on Succulent and Thicket 
vegetation Life Science 15 MSc

Mammals as ecosystem engineers Life Science 19 MSc

Spatial patterns of Karoo Ecosystems - integrating multiple mechanisms and 
spectral observations to understand natural versus anthropogenic factors Life Science 18 MSc

A E O N  B A S E L I N E  R E S E A R C H  P R O J E C T S  2 0 1 4 - 2 0 1 8 
I N  A N T I C I P A T I O N  O F  S G D  ( S H A L E  G A S  D E V E L O P M E N T )  A C R O S S  T H E  S O U T H - C E N T R A L  A N D 
E A S T E R N  K A R O O  ( D E G R E E S  C O M P L E T E D  A R E  H I G H L I G H T E D )

T A B L E  1 : 
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Accelerated exploration and extraction of these natural resources has 
resulted in an increase in fracture-controlled interconnectivity and 
subsequently a growing number of induced environmental feedback 
mechanisms with potential negative ecosystem services (e.g. Richter 
and Mobley, 2009). Some of these negative connotations include 
the contamination of river and groundwater resources, land and soil 
degradation, induced seismicity and air pollution. 

The exploration for and extraction of natural resources will continue, 
however more proactive and environmentally conscientious mechanisms 
are needed to ensure sustainable development strategies within the 
Critical Zone. 

This study aimed to contribute toward this endeavour by investigating 
how seemingly complicated brittle fractures are manifested and evolve 
in the upper crust and how this kind of information can assist in guiding 
the design of safe and effective resource exploration and extraction 
strategies. 

This study began investigating the geometry of fractures and testing 
whether fracture systems conform to rules of scale invariance and 
fractal geometry. The results showed that surface-mapped fracture 
systems follow scaling law and fractal geometry and also highlighted 
a link between more complicated surface fracture systems and the 
occurrence of natural resources. This suggests that geometrical 
analysis, such as fractal characterisation, can be used to defi ne 
regions prone to a greater degree of Critical Zone interconnectivity 
and potentially a greater concentration of fracture-dependent natural 
resources (Dhansay et al., 2016). 

The development and concentration of fracture-dependent natural 
resources was further investigated with kinematic modelling of brittle 
features. These kinematic models test the evolution of fracture systems 

F I G U R E  B 1 . 1 . 

Schematic illustration that broadly outlines the 
various regions that comprises the earth’s critical 
zone, in particular the lower critical zone, i.e. the 
upper lithosphere and fracture interconnectivity 
therein, modifi ed after critical zone observatories 
(www.criticalzone.org).

F I G U R E  B 1 . 2 . 

Graphical overview of the 
estimated geothermal 
gradients across South 
Africa. This map also 
includes major tectonic 
contacts and structural 
lineaments; zones 
of seismic activity 
and earthquake focal 
mechanisms and the 
locations of hot springs. 
Note the relatively high 
geothermal potential in 
parts of the Eastern Cape 
between Cradock and 
the coast line. Dhansay 
et al. (2017a) for more 
information.
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EARTH
Geodynamics of the rock systems above and below shale gas reservoirs provide 
robust scientific evidence of likely processes triggered by leakage from a SG 
reservoir and the potential magnitude of impacts induced fracturing. Tracking 
flow pathways, mutual connectedness, temperature gradients and geochemical 
interactions requires detailed knowledge of the rock, soil, groundwater and hot-
spring systems within this Critical Zone to provide recommendation for monitoring 
and mitigating environment impacts at SG sites.

CRITICAL ZONE AND ITS HEAT  
GRADIENTS (GEOTHERMS)
T A U F E E Q  D H A N S A Y

Brittle fractures create an intricate and complex web of interconnectivity that enables 
many important Earth system processes in the upper crust of the Critical Zone (Figure 
B1.1). This includes life-sustaining biochemical and inorganic reactions and the 
movement and concentration of economically significant natural resources. 

BOX 1

The Critical Zone 
The Critical Zone of the Earth’s upper crust is a vast network of conduits that control many 
important chemical related organic and inorganic reactions. But it is also the zone in which soils 
and the deep biosphere is hosted. It is know that present rates of soil formation are very low 
in the Karoo, and that erosion related to agriculture far exceed the natural replenishing of soils 
(Decker and Marot, 2012).

In addition, this zone is also an 
important location for mineral, energy 
and groundwater exploration. South 

Africa’s rapid agricultural and industrial 
development has resulted in increasing 
induced interaction within the Critical Zone 
that often leading to negative side-effects. 
Some of these include acid mine drainage 
and the polluting of fresh groundwater and 
increased soil erosion. The scientific part 
of this AEON baseline project aims to map 

in 3D the critical zone and its temperature 
variation with depth (known as the 
geotherm). 

This will be integrated with testing the 
interconnectivity of brittle features (joints, 
fractures), and how these features affect 
various interactive groundwater processes 
and hot-springs linked to hidden faults that 
one anticipates exist at great depth, and 
that may be affected by deep hydraulic 

fracturing, and especially waste water/CO2 
disposal (e.g. Walters et al., 2015). 

Some of this work is in progress using 
light stable and unstable isotope 
geochemistry, dating of water reservoirs, 
and probing deep into and far below the 
Critical Zone using ambient seismology 
and magnetotelluric methods, both of 
which are passive (none-destructive) 
methods of geophysics. (See Boxes 7 & 8)
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BOX 2

This project is anchored on fi eldwork including: regional mapping and measuring structural and 
sedimentological sections across specifi c rock intervals; search for fossils and minerals to date 
in laboratories; as well as re-logging old, historic deep boreholes drilled in the 1960’s that are now 
stored at national core-libraries in Pretoria (Figures 8 and B2.1).

F I G U R E  B 2 . 1 . 

Example of SOEKOR borehole 
descriptions from the Eastern 
Cape, with photographs of 
the deeply buried, carbon-rich 
black shale cores (for more 
details see Linol et al., 2016).

GEOLOGY OF THE PERMIAN BLACK SHALES
B A S T I E N  L I N O L

3 2 A F R I C A  E A R T H  O B S E R V AT O R Y  N E T W O R K

The geology of Karoo Basin 
comprises one to five kilometres thick 
Carboniferous-Jurassic sedimentary rock 
sequences, or strata. This stratigraphic 
sequence (referred to by geologists 
as a Supergroup; Figure 14) stores 
a unique archive of the tectonic and 

climatic evolution of southern Africa 
between about 350 Ma and 180 million 
years ago (Ma), when it was still part of 
the Pangea/Gondwana supercontinent 
(Figure 1). Accurately establishing the 
basin-wide geography during that time 
period, and its link to contemporary 

basins of Gondwana, such as in central 
Africa (Congo Basin) and South America 
(Paranà Basin, Brazil), is essential to 
reconstruct the geobio-dynamics with 
which to predict the spatial distribution 
of its natural energy resources - coal, 
gas, and uranium.

F I G U R E  1 4 . 

Simplified stratigraphic column of the 
Karoo Supergroup rocks. Known ages of 
specific sequences, are given in millions 
of years (Ma), such as the gas-shales 
of the Whitehill Formation (280 Ma), 
The Karoo sedimentary sequences 
(red-orange) were intruded by igneous 
rocks (pale blue) at temperatures of 
1100-1200 degree centigrade within 
less than 0.7 million years between 
182-183 Ma. Some intruded parallel 
to the sedimentary sequences (known 
as sills), others connected the sills 
vertically (known as dykes). Towards 
the top of the Karoo sequences, the 
sills are often ‘saucer’ shaped and 
from there become feeders to the 
Drakensburg lavas (part of the Karoo 
large igneous province established 
during the early break-up of Gondwana. 
In the south-eastern Karoo basin the 
volume of intrusions at depth of the gas 
shales are minimal (see Figure B2.2). 
(Modified from Linol and de Wit 2016).

Geology

KAROO SUPERGROUP ROCKS
Drakensberg 
Lavas

Beaufort
Group

Ecca Group

Whitehall Fm

Clarens Fm
Elliot Fm
Molteno Fm

Basement

Dwyca Group

Witteberg
Bokkeveld And 
Table Mountain 
Groups

and how these systems enable the transport and concentration 
of natural resources, such as water, metals and energy 
resources. The results of this study also show a significant link 
between regional tectonic features and the development and 
release of radiogenic heat producing elements (Figure B1.2). 
The release of heat within these regions along fracture systems 
could provide a likely target for geothermal energy development 
(Dhansay et al., 2017a), especially in the eastern Cape where 
shale gas exploitation may occur near Craddock. This provides 
potential for collaborative technology developments between 
these relatively new energy systems (see below for further 
details). 

The effective release of fracture-controlled natural resources 
is an imperative for sustainable development in the lower 

part of the Critical Zone. This study therefore concluded 
by investigating the reactivation potential of pre-existing 
fractures at likely reservoir depths and used this information 
to develop idealised hydraulic stimulation parameters for 
sustainably inducing fracture manipulation (Dhansay et al., 
2017b). 

This kind of information is particularly important in South 
Africa considering current fracture- oriented research being 
undertaken, specifically for shale gas, geothermal and 
carbon capture and sequestration. The results of this work 
needs to be tested further with more direct data, such as 
drilling and associated monitoring programmes undertaken 
within the Critical Zone across the Karoo baseline study 
region. n



3 5S H A L E  G A S  R E A L I T I E S  @  K A R O O. Z A    / 

What is Black Shale?
Black shale is a dark coloured, fine-grained and organic carbon-rich sedimentary rock, 
composed mostly of clay and silt (2-63 μm size), some organic particles such as planktonic 
algae and plant debris, and kerogen. It may also contain variable amount of carbonate and 
phosphate. These sequences are either massive or preserve delicate sedimentary structures, 
such as ripples, burrows, and fossils, which are essential to reconstruct their depositional 
environment. They are either marine or non-marine, generally deposited under anoxic bottom 
waters and in areas of high plankton productivity (Scheffler 2003; Schulz et al., 2018).

Black shales are typically indurated 
and fissile, inherited from 
diagenesis, burial and low-grade 

metamorphism. Deep burial increases 
their compaction, reduces the porosity 
and at certain temperature conditions can 
generate oil and gas. 

For shale gas, the black shale that 
produces the gas also functions  as a 
low-permeability and porosity reservoir, 
thus self-sourced. It is often referred to as 
an unconventional resource (Suarez-Ruiz 
et al., 2012). The gas may be stored as 

free gas in fractures and porosity, as gas  
adsorbed onto kerogen and clay-particle 
surfaces, and as gas dissolved in kerogen 
or pore water. It is either dry, consisting of 
more than 90% methane, or wet such as 
ethane and propane. For these reasons, 
high resolution microscopy and geochem-
istry are needed  to characterise the gas 
shale content of its rock (Figure 16). 

Organic-inorganic interactions in 
sedimentary basins play an active role 
in the formation and compositional 
evolution of petroleum, groundwater 

and both ancient and modern surface 
environments. Inorganic sedimentary 
components (such as sulphur species, 
minerals and water) participate as 
reactants or catalysts in organic matter 
transformations. 

The geochemical evolution of Karoo 
black shales in response to diagenesis, 
metamorphism, and weathering can be 
traced by combined petrographic and 
stable isotopic analysis of the solid, 
aqueous, and gaseous products of these 
transformations

F I G U R E  1 5 . 

Core samples from AEON’s drill-
holes in the south-eastern section 
of the Karoo. Here, Permian black 
shale cores and source rock 
geochemical characteristics in 
the south-eastern Karoo affected 
by the Cape Orogeny. At this 
locality the Whitehill shale has 
a TOC of 4.5% in average; its 
organic material ranges between 
-18 and -21‰ d13C, and d15N 
values are between 7 and 10‰. 
Rb/K and V/Cr ratios indicate an 
ancient anoxic, possibly marine 
setting (details of these cores are 
described in Geel (2014) and Geel 
et al.(2015).

DEPTH PROFILES AND CHEMOSTRATIGRAPHY
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F I G U R E  B 2 . 2 . 

Deep boreholes correlation profi le across 
the southern Karoo Basin (inset map for 
location). Note signifi cant deepening 
and thickening of black shales (dark 
grey and grey) to the southeast, and 
more abundant dolerites (pink) in the 
western boreholes (numbers in red 
above borehole heads are % thickness of 
dolerite). 

Two sections outlined in red and orange 
with potential gas shales, represent two 
hypothetical extractable resources of 
14-42 Tcf and 131-262 Tcf, respectively. 

Also shown in yellow are gas leakages 
observed during drilling in the 1960s 
(Chere et al., 2017).

The shale gas research is mainly focused on black, organic carbon-rich 
shale horizons, 10 to 60 m in thickness, of the Lower Permian formations 
(ca. 290-270 Ma). In the Karoo these sequences are best preserved sub-
horizontal in the northwest region, whereas they are strongly folded and 
fractured along the southern margin of the basin where it fl anks the Cape 
Mountains. In the central region, they are  deeply buried and at shallower 
depth (<2-3 km) often disturbed by dolerite intrusions (Figure B2.2).

The deepest preserved sequences occur in the south-central and south-
eastern part of the basin, from Graaff-Reinet and Cradock (at 3-4km depths) 
to East London (at 4-5 km depths). However the characteristic formations as 
traditionally defi ned by surface mapping cannot be distinguished with confi  
dence in the boreholes. High resolution seismic techniques and magneto-
telluric probing are ongoing to achieve this (see Boxes 7 and 8). 

More chemical stratigraphic analysis is also required, as is a need for more 
modern deep boreholes, such as recently completed along the western and 
eastern margins (funded by Shell and the Council for Geoscience; de Kock 
et al., 2017).

GEOLOGY OF THE PERMIAN BLACK SHALES
C O N T I N U E D

n
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BOX 4CARBONATES AND PYRITES IN BLACK SHALES
T E B A T S O  M A A K E

Mineral and chemical analyses of 
carbonaceous black shales and prominent 
intra-formational carbonates aim to better 
separate the paleo-environment from post-
depositional conditions of these rocks. To 
date, samples from three SOEKOR boreholes 
(SP1/69, AB1/65 and QU1/65; see Figure 
B2.2) and from selected field localities near 
Jansenville in the southern Karoo Basin have 
analysed,  for mineralogy, major and trace 
element analysis that includes acid leaching 
to determine the degree of pyritization 
(DOP). The carbonates consist dominantly of 

dolomite mostly as concretions of  
0.5-2.5 m close to intensely deformed 
shales, and as laterally continuous beds 
where less deformed (Figure B4.1). The 
dolomites appear to have formed in an 
early diagenetic stage of the black shale, 
with minor calcite as a cement in pores 
and grain replacement, as well as crudely 
radial septerian veins. Pyrite is abundant 
at 5-10% in shales, commonly occurring as 
framboidal and occasional euhedral grains. 
Pyrite-bearing, calcite veins are common in 
the Whitehill Formation.

 The aim in the Karoo Basin is to trace the 
deglaciation history by simulating early 
diagenetic processes both under melt 
and marine water conditions. For this, 
black shale core samples are analysed for 
TOC contents, mineralogical composition 
and textural properties (Figure 6 ; Box 4). 
The data serve as input parameters for 
hydro-geochemical models. The results 
reveal that the organic carbon-lean shales 
associated with, and directly overlying 
the main glacial deposits (known as the 
Dwyka and Prince Albert formations) 
can be interpreted as deposited under 
freshwater conditions. Thereafter, the first 
notable marine influence is revealed by the 
occurrence of Mg-bearing carbonate pre-
cipitates  in black shales of the overlying 
Whitehill Formation (Box 4 ). Preferential 

preservation of organic matter in these 
shales is interpreted to be due to stratified 
water columns, as described from the 
Baltic  Sea (Schultz et al, 2018).

Today, these Permian black shales are 
tight, and thermogenic gas accumulated in 
inter-particle pores, in intra-particle pores 
in albite, organic matter and dolomite, 
or adsorbed on organic matter (Figure 
16 ). The brittleness of this prospective 
Whitehill Formation is also weakened in 
places by high contents of chlorite and 
illite, but to a lesser degree elsewhere due 
to low contents of carbonate and quartz 
cements. Finally, the Whitehill Formation 
contains dry gas because of thermal 
maturation during its deep burial. The 
black shales also have distinct carbonate 
and iron-sulphide minerals (pyrite; Box 4).

F I G U R E  B 4 . 1 .

Photomicrograph of thin section of 
dolomites 

(A) Under PL, medium to coarse 
crystalline, non-planar-e 
(anhedral). 

(B) Under PL, polymodal, planar-s, 
2-unimodal, non-planar-e medium 
crystalline. 

(C) XPL of image B, indicating 
ferroan dolomite. 

(D) vug and veins (fractures) 
mosaic texture
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F I G U R E  1 6 . 

FIB-TEM images of analyzed black shales showing manifestations of organic matter (black): (A) occupying interstitial space between 
mineral grains; (B) with a honeycomb texture; (C) interstitial withinporous mineral grains; and (D) nonporous, within mineral grains.(from 
Chere 2016; Chere et al., 2017).

BOX 3WHY THE WHITEHILL FORMATION CONTAINS SO MUCH GAS
N A L E D I  C H E R E

Organic material deposited in 
special anoxic conditions (5-15% 
TOC – Total Organic Content) across 
southern Gondwana during the Early 
Permian, around 290 to 280 Ma. 
This regional episode of black shale 
formation was enhanced by long-term 
climatic change from an icehouse to 
greenhouse world, following major 
deglaciation and melting of ice caps 
similar to Antarctica (Figure B3.1), and 
likely also driven by cyclic variations in 
atmospheric pCO2 such as observed 
today. A good studied analogue is 
the Baltic Sea of northern Europe 
(Schulz et al., 2018). Ocean currents 
and glacio-isostatic movements 
following the last ice-age and 
deglaciation induced multiple marine 
incursions in the basin. This led to the 
preservation of organic carbon under 
anoxic bottom water, with high total 
dissolved solids, overlain by lighter 
freshwater with high bio-productivity 
at surface.  The aim in the Karoo Basin 
is to trace the deglaciation history by 
simulating early diagenetic processes 
both under melt and marine water 
conditions. For this, black shale core 
samples are analysed for TOC contents, 
mineralogical composition and textural 
properties (Figure 6 ; Box 4). The data 
serve as input parameters for hydro-
geochemical models. The results reveal 
that the organic carbon-lean shales 
associated with, and directly overlying 

the main glacial deposits (known as the 
Dwyka and Prince Albert formations) 
can be interpreted as deposited under 
freshwater conditions. Thereafter, the fi rst 
notable marine infl uence is revealed by 
the occurrence of Mg-bearing carbonate 
precipitates  in black shales of the overlying 
Whitehill Formation (Box 4). Preferential 
preservation of organic matter in these 
shales is interpreted to be due to stratifi ed 
water columns, as described from the Baltic 
Sea (Schultz et al, 2018). 

Today, these Permian black shales are 
tight, and thermogenic gas accumulated in 
inter- particle pores, in intra-particle pores 
in albite, organic matter and dolomite, or 
adsorbed on organic matter (Figure 16). 
The brittleness of this prospective Whitehill 

Formation is also weakened in places 
by high contents of chlorite and illite, but 
to a lesser degree elsewhere due to low 
contents of carbonate and quartz cements. 
Finally, the Whitehill Formation contains 
dry gas because of thermal maturation 
during its deep burial. The black shales also 
have distinct carbonate and iron-sulphide 
minerals (pyrite; Box 4).

F I G U R E  B 3 . 1

 (Left). Late Paleozoic ice-age showing the 
trajectory of the paleo-South Pole (yellow 
arrow) and its position at around 340 Ma. 
This gigantic Antarctic-like ice cap carved 
large subglacial valleys and lake systems 
similar to those (Right) observed below the 
Antarctic Ice sheets today (Modifi ed from 
Chere et al., 2017)

n
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BOX 5AGE AND GEOMETRY OF THE KAROO SILLS
T H O M A S  M U E D E

F I G U R E  1 7 . 

Typical dolerite sill (top of the escarpment) 
preserving softer sedimentary rocks of 
lower Karoo Supergroup from eroding 
into a flat terrain (foreground). The lower 
sub-horizontal contact is sharp and has 
created a metamorphic zone of up to ca. 
100 m thick where carbon dioxide and 
methane from fossil gas, oil and coal 
has escaped during the emplacement of 
the hot magma sills, which are common 
across this landscape and below surface 
(Figures 8, 9a&b, 14; Box 2 - Figures B2.1 
and 2.2; - Boxes 6-9).

F I G U R E  B 5 . 1 . 

Left – Typical Karoo sill (dark brown, top) intruding 
(crosscutting) sub-horizontal thin bedded dark shales 
(bottom), and an overlaying sandstones (pale brown). 

Right - Example of dolerite geochronology, showing (a) 
photomicrographs of the dolerite sample and (b) U/Pb 
Concordia plot with (c) weighted averages and ages obtained 
from zircons minerals in the dolerite.

Surface and subsurface geometry and in 
particular ‘the speed, volume of injection 
and emplacement mechanisms of the 
Early Jurassic Karoo dolerites must 
be better understood as they create 
major pathways for the gas and water 
migrations to surface. Despite the number 
of studies, the relationships between 
the Karoo dolerites and Drakensberg 
volcanics remains controversial. This 
problem remains unsolved due to lack of 
zircons from the Drakensberg volcanics, 
which could assist in solving the age 
and correlation relationships. This study 
addresses these issues by based on 
new geochemical and geochronological 
analyses on a number of fresh dolerites 

and Drakensberg volcanics samples from  
SOEKOR cores and fi eld samples; re-
logging boreholes from the centre of the 
basin reveal a volume of 5-35% dolerites. 
Field mapping and geochronology of 
dolerite sampled from sealevel up to the 
escarpment at ca. 2000m (Figures B5.1 
and B5.2) show that the Karoo dolerites 
were emplaced between  183.246 to 
183.001 Ma (million years) within less 
than 250000 years. The data confi rm 
that the emplacement started before 
Gondwana breakup and it took place 
over a very short time gap across at 
least 1-3km thick Karoo sediments. The 
intrusions of the dolerite sills and dykes 
have been linked to degassing of the gas 

rich shales in the western Karoo where 
abundant sills intrude gas shales near 
surface levels. Gas leakage is purported 
to be large, although there is controversy 
about this (Box 6). The extent of dolerite 
related outgassing and metamorphism 
has not been studied in deeper sections 
of the Karoo earmarked for potential 
exploration. Box 6 summarises a project 
to delineate the metamorphic changes in 
adjacent sedimentary rocks measures the 
thermal and structural effects of dolerite 
intrusions on the Karoo sedimentary host 
rocks along the contact metamorphic 
aureoles in the Eastern Cape.
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F I G U R E  B 4 . 2 . 

Plots of trace-elements illustrating a 
paleo-redox environment. 

(A) V/(V+Ni) vs Ni/ Co; 

(B) V/Cr vs Ni/Co; 

(C) EF Mn vs Ni/Co. 

Graphs based on Jones and Manning 
(1994) and Hatch and Leventhal 
(1992).

Dolerite sills & dikes and their thermal 
effects on gas reserves
The Karoo Basin is unique globally as a potential shale gas reservoir since these resources were 
intruded by a large volume of basaltic magmas, now preserves in the form of sills (subparallel to 
sedimentary layers) and dykes (a high angle to sedimentary layers; Figure 14), at temperatures 
well above 1100oC. At such temperatures, oil and gas would have evaporated and leaked into 
the atmosphere, thus potentially effecting the fossil reservoirs both in terms of gas retained and 
porosity/permeability. But a remaining questions is how long these heating processes lasted, 
and how fast the gas that may have escaped effected global climate change at that time. Thus, 
quantifying the volumes and emplacement rates of the magmas is central to better estimate in 
situe gas preserve.

Systematic variations in the distri-
bution, thicknesses and depths of 
Karoo dolerite sills, which compli-

cate the stratigraphy and the estimates of 
gas retained, remain poorly understood. 
Broadly, across the Karoo basin sills em-

placed into the Permian-Triassic forma-
tions range in thickness between 1 to 300 
meter, with a volume of up to 35% of the 
rocks sequences close surface, whilst sig-
nifi cantly lesser and thinner dolerites in-
truded these Karoo sequences at 2-4 km 

depths. But these estimates need to 
be much better mapped and document-
ed below surface (Boxes 2 and 5); indeed 
dolerite not exposed on the surface are 
also being effectively mapped through AE-
ON’s airborne geophysics (see Box 9).

A

C

B

n
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CONTACT METAMORPHISM AND GAS LOST 
VHUHWAVHOHAU NENGOVHELA 

BOX 6

The thermal effects (contact metamor-
phism) of dolerite sills in liberating gas 
and water from adjacent deep shales 
when these hot igneous melts intruded 
the sedimentary rocks of the Karoo 
Basin, is crucial if estimates of potential 
shale-gas are to be considered reliable. 

The heat from the dolerite intrusions in 
the Karoo Basin are linked to cracking 
of organic matter in the Lower Ecca 
Permian black shales, and release of 
methane and carbon dioxide into the at-
mosphere (Svensen et al., 2006; Aarnes 
et al., 2011; Grab and Svensen, 2011; 
Scheiber-Enslin et al., 2014; Linol et al., 
2016; Moorcroft and Tonnelier, 2016; 
Chere et al., 2017). 

In this project, core logging and sam-
pling of deep SOEKOR boreholes at the 
Council for Geoscience National Core 
Library was used to study the thickness 
and frequencies of dolerite sills below 
surface in the Karoo and their metamor-
phic effect on the deep-seated black 
shales. This was complemented by fi eld 
mapping and sampling in the Eastern 
Cape Province, near East London, Graaff 
Reinet, Cradock, and Steynsburg. 

Techniques such as scanning electron 
microscopy (SEM), x-ray diffraction 
(XRD), petrography, and thermal mod-
elling were used to determine mineral 
phase equilibria, porosity, chemical com-
position, and metamorphic textures of 

the minerals; and to further quantify the 
width of contact aureoles and determine 
pressure-temperature (P/T) conditions 
that prevailed during emplacement of the 
dolerite sills. 

The mineral composition of contact 
shales predominately consists of quartz, 
feldspar, illite-smectite, calcite, and 
pyrite. Metamorphic minerals close to 
contacts with the sills include andalu-
site-chiastolite, biotite, and muscovite. 
SEM imaging confi rms that the hornfels 
samp les are compact and that the met-
amorphic minerals reduce and limit po-
rosity to grain boundaries. The porosities 
are in the range of mesopores (2-50 nm) 
and micropores (< 2 nm) (Figure B6.1). 
The data also suggests that the thermal 
alteration of the Ecca shales were short 
lived (e.g. 10-100 years). Disequilibrium 
metamorphic textures such as irregular 
grain boundaries, and inclusions in an-
dalusite and cordierite confi rm that the 
elevated temperatures did not last long 
enough to accomplish (re)crystallization 
and create equilibrium textures. 

Geothermal gradients of Karoo Basin 
range between 30 ºC/km and 40 ºC/
km likely due to the underlying, ura-
nium-rich Namaqua-Natal basement 
rocks (Dhansay et al., 2017a,b; see Box 
1). Geothermal gradients infl uence 
the initial host rock temperatures, and 
subsequently their response to heat fl ow 
from dolerite intrusions. 

Thermal modelling data shows that 
variable geotherm signifi cantly affects 
the initial host rock temperatures, and 
cooling trends of dolerite sills. Results 
from the models show that maximum 
temperatures between 650 ºC-700 ºC 
were reached in shales at contact with 
dolerite sill intrusions (Figures B6.2 and 
B6.3). Temperatures cool rapidly and 
reach ± 400 ºC within the fi rst 10-20 m 
away from the dolerite sill in the fi rst 100 
years post emplacement. 

The models show that a 10 ºC increase 
in geothermal gradient (from 30 ºC/km 
to 40 ºC /km) signifi cantly affects the 
initial temperature at which the dolerite 
sills cool. Dolerite sills cool quicker when 
simulated using a 30 ºC /km (Figure 
6.2) compare to 40 ºC /km geothermal 
gradient (Figure 6.3). The contact aureole 
thickness is closely related to the dolerite 
sill thickness and the initial host rock 
temperatures. The farthest extent of 
the contact aureoles around the sills 
ranges between 20m–30m for both the 
upper and lower contacts (Figures 6.2 
and 6.3). Gas loss calculations indicate 
that a 47 m thick sill intruding at the 
boundary between the Tierberg and 
Whitehill Formations could potentially 
generate up to 4-6 TCF of methane from 
the Whitehill Formation. These numbers 
are signifi cantly less than other gas loss 
estimations previously modelled in the 
Karoo Basin (Aarnes et al., 2011).

SEM images of the analysed shale hornfels 
samples in borehole QU 1/65 and OL 1/69 
showing metamorphic minerals and porosity:
(A)  subhedral andalusite crystal with inter-

mineral pores, the pores are prominent 
along the grain boundaries; 

(B)  anhedral andalusite crystal with pores 
and inclusions of quartz, pyrite, and rutile 
at the centre of the crystal; 

(C)  plagioclase vein with biotite and sphene 
inclusions; 

(D)  framboidal pyrite crystals showing 
cordierite inclusions; 

(E)  inter-mineral pores ranging between 
10-23.6 μm between andalusite and 
quartz crystals; and 

(F)  inter-mineral pores range between 8.3-
14.4 μm occur between albite, pyrite, and 
quartz.

F I G U R E  B - 6 . 1
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Geological Map of South Africa high-lighting a simplifi ed section (A-B) through the Karoo sequences from 
the East Coast up to the Drakensberg escarpment with sampled localities to test for potential variations in 
geochronology and geochemistry at selected depths above sealevel. n
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There is much gas left in the southern Karoo
Between 1965 and 1970, 19 deep boreholes were drilled by the Southern Oil Exploration 
Corporation (SOEKOR) to explore the Karoo Basin (Figures 18; B2.2). No oil, but minor low-
volume gas shows were encountered in some wells, such as one borehole that yielded a 
gas rate of 1.8 million cubic feet/day (formal Cranemere Farm). However to calculate robust 
estimates of this shale gas resource at the scale of the basin a combination of different key 
parameters (e.g. porosity, gas saturation, frackability) is necessary, many of which remain 
unknown and can only be resolved by new deep drilling and quantitative fracking tests.

Recent estimates by the US En-
ergy Information Administration 
(USEIA, 2015), based on compari-

son with the successful plays in America, 
suggested a technically  recoverable shale 
gas resource value of up to 370 Tcf in the 
Karoo. This is more than an order of mag-
nitude higher than estimates of between 
19 and 44 Tcf calculated by the Petrole-
um Agency SA (Decker and Marot, 2012; 

Burns et al., 2016), who focused mostly 
the Whitehill shales and additionally took 
into account  the possible degassing ef-
fect of the dolerite intrusive rocks. 

Following a similar statistical method of 
calculation and using a limited prospective 
area of ca. 60000 km2 , by re-examining 
the old borehole and geochemical data, 
together with new petrographic analyses 

and  organic geochemistry, AEON’s Base-
line Project characterized two possible, 
deep and shallow, shale gas  reservoirs 
with recoverable shale gas average values 
of 14-42 Tcf and 131-262 Tcf, respectively 
(Chere et al.,  2017). It will however require 
a new phase of subsurface seismic 
magneto-telluric mapping, and exploration 
drilling before a more accurate evaluation 
of these estimates can be verified.

Geophysics - characterising the Karoo  
below surface 
There is little information about the subsurface geology of the Karoo beyond that obtained 
from some 30 deep drill holes. The aim is to improve this knowledge, including that of the 
critical zone, into 3-D maps that will allow better location of both gas-shales and of the igneous 
intrusions, as well as deep fault lines that may be stimulating natural water and gas leakages, 
or may do so in future if stimulated by HVHF and fluid reinjections. 

F I G U R E  1 8 . 

3D model of the 
Karoo Basin surface 
showing at depth 
the deep boreholes 
and measured TOC 
contents (red=high; 
green=low).Red 
outline is the 
prospective area in 
the southeastern 
Karoo Basin.
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F I G U R E  B 6 . 2 .

Heat transfer models simulated for two sills (42 m thick 
upper sill and 5 m thick lower sill) intruding at 4590m 
and 4635m depth (depths are corrected for eroded 
overburden of 3000 m Roswell and de Swart, 1976; 
Tinker et al., 2008). 

The models were simulated using a 30 ºC/km 
geothermal gradient, and the host rocks have a pre-
intrusion temperature of 158ºC (at 0 year), after 200 
years of simulation, the dolerite sills have cooled to 
approximately 630ºC.

F I G U R E  B 6 . 3 .

Heat transfer models simulated for two sills (42 m thick 
upper sill and 5 m thick lower sill) intruding at 4590 
m and 4635 m depth (depths are corrected for eroded 
overburden of 3000m; Roswell and de Swart, 1976; Tinker 
et al., 2008). 

The models were simulated using a 40 ºC/km geothermal 
gradient, the host rocks have attained a pre-intrusion 
temperature of 204 ºC (at 0 year), and after 200 years 
simulation period the sill cool to ~750 ºC (heat flow 
models were simulated using the KWare heat3D software 
downloaded from the Los Almos National Laboratory 
website). n
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BOX 7SEISMIC IMAGING USING NATURAL NOISE
LUCIEN BEZUIDENHOUT

Seismic tomography experiments using 
controlled sources (e.g. explosive air guns etc.) 
have been the key component in mapping the 
subsurface (continental and oceanic). Active 
source experiments have several downsides; 
including high costs, they require information of 
the source (strength), they are not easily deployed 
in mountainous terrains, and sometimes require 
repetitive usage of the active source. In order 
to counter these diffi culties (shortcomings), a 
new technique, passive imaging (Ambient Noise 
Tomography (ANT)), which utilizes the earth’s 
ambient vibrations is used as a tool to map 
the subsurface. The use of ambient noise as a 
source to map the subsurface at high resolution 
has become one of the leading techniques 
among seismologists in recent years (Shapiro 
and Campillo, 2004; Kao et al., 2013; Kohler et 
al., 2015; Mordret et al., 2013; Stankiewicz et al., 
2010; Szanyi et al., 2013; and references therein). 
The ambient noise technique is non-invasive, 
cost-effective and allows for easy deployment of 
the seismic stations.

The time series wave-fi elds acquired from vertical components of the three 
component seismic sensors was used extract the frequency-dependant Rayleigh 
surface waves. For the fi rst time in the south-eastern Cape Karoo and Karoo 
area, estimates of Green’s function from cross-correlating ambient noise data 
between stations pairs were reconstructed and shown. The important property of 
Green’s function is that it comprises physical information about the medium the 
wave is propagating through. The group velocities of the Rayleigh waves in the 
2 to 7 seconds period range were picked and inverted to compute the 2-D group 
velocity maps (Fig. B7.2). For ArrayA and ArrayB, the resulting 2-D group velocity 
maps at different periods resulted in a group velocity model from approximately 
2 to 7 km depth, which generally show a high velocity anomaly in the north of the 
study area, most likely imaging the denser, thick sedimentary basin of the Karoo 
(Carboniferous-Permian) (Figure B7.2). To the south, the low velocity anomaly 
likely corresponds to  the overlying Jurassic- Cretaceous sequences of the younger 
Algoa Basin (Uitenhage Group). To date, ambient seismic signals were continuous-
ly recorded (100 Hz) at three independent networks (referred to as ArrayA, ArrayB 
and ArrayC; see Figure B7.1). ArrayA and ArrayB comprised 17 temporary stand-
alone seismic stations each and recorded ambient noise wavefi elds for a ten-week 
period between August and October 2015. ArrayC comprised 19 temporary stand-
alone seismic stations,  recording ambient seismic noise for a period of six weeks 
between June and July 2016.

F I G U R E  B 7 . 1 . 

Location map of the ambient noise seismic experiments in the south-
eastern Cape-Karoo and Karoo regions. Triangles indicate the locations of 
the portable stations: red triangles (ArrayA) across the Grootwinterhoek 
area; white triangles (ArrayB) across the Noorsveld area; and blue triangles 
(ArrayC) in the Cradock-Tarkastad region.

F I G U R E  B 7 . 2 . 

ArrayA and ArrayB Rayleigh waves group 
velocity inversion maps using ambient 
seismic noise wavefi elds at periods: a) 
4.0 s; b) 5.0 s. The red (ArrayA) and white 
(ArrayB) triangles show the location of 

the stations. The blue colour indicates 
the high velocity region and the red 
the low velocity domains. The group 
velocity maps are superimposed with the 
topography of the study area. 

For each map, the fi nal mean velocity and 
the variance reduction between the data 
computed from a homogeneous model 
with an average velocity and the fi nal 
model is shown at the top of the frame.

n

4 4 A F R I C A  E A R T H  O B S E R V AT O R Y  N E T W O R K

Subsurface mapping 
using Nature’s sounds 

Classic ways to acquire deep 
subsurface information are to 
carry out expensive seismic 

surveys that rely on artifi cial noise from 
explosives (dynamite) or continuous 
vibration from trucks driving across the 
areas of interest. However, it has been 
suggested that these techniques based 
on induced noise should not be permitted 
across the Karoo (ASSAf, 2016). Instead, 
new technologies, perfected over the 
last decade have created a novel non-
destructive method based on ambient, 
natural noise, and allows for inversion of 

micro-seismic velocities to create a 3-D 
tomography image. The ambient noise 
equipment acquired by AEON comprises 
20 three-component (triaxial) short 
period seismic sensors (geophones), 
each powered by a sealed gel battery 
and connected to a 3-channel seismic 
recorder Data-Cube with built-in GPS 
and external antenna ( see Figure 19, 
for example). The GPS is synchronized 
with the data cubes and records at a rate 
of 100 samples per second. The triaxial 
geophones are pushed into the ground 
to ensure good coupling, and buried for 
shielding from wind and rain, which can 
also increase the signal-to-noise ratio. 
Apart from its minimal environmental 

impact, this passive technique is also 
much more cost effective compared to 
conventional (active) seismic methods. 

AEON established a project to construct 
a 3-D shear velocity model of the 
south-eastern Karoo Basin by means of 
seismic ambient noise tomography, based  
on the cross-correlation of micro-seismic 
surface waves (1-100 seconds). The 
network of three-component data-cubes 
allow construction of 2-D and 3-D sub-
surface models (such as shown in Figure 
19 ), and to monitor the ambient seismic 
noise in this region  of the Eastern Cape 
derived primarily by the inland energy 
dissipation of coastal waves and tides.

( A )  Portable passive seismic recording 
system comprising data-cube (shown 
with code A9V), triaxial geophone (yellow 
casing), sealed gel battery, and GPS 
antenna (shown in upper left corner). 

(B) data-cube and geophone being 
deployed in the fi eld. 

(C) Computer connection for data 
downloading in the research Commons 

F I G U R E  1 9

(D) Isotropic shear velocity model calculated 
from 2D inversion of ambient noise data 
showing distinct geological formations between 
north and South of latitude 33.3 degree, down to 
at least 5 km below surface in the Karoo
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the north). The lowest resistivity values 
of this feature (indicated by the dark 
red regions) are typically surrounded by 
slightly higher values depicted in yellow. 
Whilst these red segments often appear 
to be disconnected, the surrounding 
yellow regions form a continuous albeit 
undulating layer. This may be the result 
of varying electrical characteristics 
within the layer or the presence of 
folds/faults that have offset the 
segments with the lowest resistivities. 
The thickness of this high conductivity 
layer (including both red segments 
and surrounding yellow regions) varies 
between 600m and 4.3km (thinning 
to the north). As is typical of MT 
inversions, the top of a deep, high 
conductor is well imaged, however the 
thickness of such features is poorly 
constrained. Thus, the large thickness 
may be the result of smoothing within 
the inversion, when in fact the layer 
may be thinner but more conductive. 

The 3D models support the indication 
that this feature extends laterally 
across the study area, however the 
thicknesses and depths at which the 
high conductivity layer is encountered 
increase slightly. The third feature 
imaged in all models is the resistive 
basement that underlies the high 
conductivity layer (lower crust). Whilst 
this layer is typically homogeneous, the 
western-most profi le (profi le 1) images 
a sub-vertical high conductivity feature 
within the basement, dipping to the 
north. This sub-vertical feature spatially 
coincides with the maximum axis and 

extent of the BMA along this profi le. 
The ‘source’ of this feature (region of 
highest conductivity values) is located 
at depths between 20 and 30km in the 
2D inversion. However, there appears to 
be smoothing between this feature and 
the overlying high conductivity layer, 
giving the appearance that this sub-
vertical feature extends from ca. 8km 
to a depth of 45km. The 3D inversion 
shows a more prominent connection 
between these two features, which may 
be the result of smoothing, with the 
feature extending from ca. 6km to a 
depth of 20km.

F I G U R E  B 8 . 1 . 

Location map of the 2005 (white triangles) and 2014 (black triangles) MT stations. 
The stations are arranged in 7 ~NS 2D profi les (Profi le 1-7 from West to East) which form 
a 50km by 30km block used to produce the 3D models (Profi le 1 to the west is ~70km). 
The dotted black line indicates the maximum axis of the BMA, whilst the solid black lines 
demarcate the extent of this feature. Representative stations from the south (station 0210, 
bottom right), centre (station 0315, middle right) and north (station 0130, top right) of the 
array indicate the three trends most commonly observed in the data across the array, as well 
as the high data quality achieved after data processing.
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Deeper subsurface mapping using natural earth’s 
electrical currents and magnetism
This is being complemented with passive seismic and Magneto-Telluric (MT) imaging of the 
subsurface. MT imaging uses natural sources to better define the geometry of the conductive 
hydrocarbon-bearing shales, and aid in the identification of saline water reservoirs. A telluric 
current is an electric current that result from both natural causes and human activity, and the 
discrete currents interact in a complex pattern. 

The currents are primarily 
geo-magnetically induced cur-
rents, which are induced by 

changes in the outer part of the Earth’s 
magnetic field. The currents are extreme-
ly low frequency and travel over large are-

as at or near the surface of the Earth.

Initial results, measuring frequency 
variations of the Earth’s natural electro-
magnetic fields in a range of 10 kHz-
1mHz has yielded 2D and 3D subsurface 

models of the Eastern Karoo shale gas 
horizons, and identified large saline 
water reservoirs at great depths (1 - 6 
km), in both the Klein Karoo and the main 
Karoo basin north of Jansenville.

MAGNETOTELLURIC DETECTION OF DEEP 
BURIED SHALE GAS AND WATER 
J A D E  G R E V E 

BOX 8

This research presents inversion 
models of electrical conductivity 
distribution of the subsurface, the result 
of a 50km x 30km magnetotelluric 
(MT) survey jointly conducted by AEON 
and the GFZ (German Research Centre 
for Geosciences) near the town of 
Jansenville (Figure B8.1). The area, 
which includes seven 2D profiles and 
a 3D grid array, extends north over the 
Eastern Karoo Basin from the front of 
the Cape Fold Belt, and crosses the 
maximum axis of the E-W trending 
Beattie Magnetic Anomaly (BMA), one 
of Earth’s largest continental magnetic 
anomalies (e.g. Figure 28b). 

Previous 2D magnetotelluric surveys 
in both the Eastern and Western Karoo 
Basin identified a high conductivity 
marker horizon interpreted as the 
Whitehill Formation (Weckmann et al., 
2007a, 2007b). The high conductivity of 
the black organic shales of the Whitehill 
Formation enable the MT method 
to image this formation at depth. 
Expanding on the 2005 2D survey of 
Weckmann et al. (2007a, 2007b), 111 
five-component (3 magnetic, 2 electric) 

MT stations were deployed for three 
days each. These broadband stations 
measured MT data in a frequency 
range of 10 kHz – 1 mHz using GPS 
synchronised S.P.A.M. MkIV and 
CASTLE broadband instruments. Non-
polarizable Ag/AgCl telluric electrodes 
and Metronix MFS06 induction coil 
magnetometers were used to record 
natural variations in electric and 
magnetic fields. Stations were arranged 
into seven NS profiles (separation 
distance of 5km) with a dense 2-3km 
site spacing along the profile, thus 
enabling high resolution 2D and 3D 
MT inversions. The data from both 
the 2005 and 2014 MT surveys was 
processed using standard single-site 
processing, remote referencing, and 
notch and delay filtering as described 
by Ritter et al. (1998) and Weckmann et 
al. (2005). Three representative stations 
for the south, central and north of the 
study area are displayed in Figure B8.1 
to indicate the typical trends observed 
in the data/representative of the trends 
observed in the data at MT sites, along 
with a location map of the MT array. 

High resolution inversion models were 
obtained for the 2D profiles and 3D 
grid using Mare2DEM (Key and Ovall, 
2011; Key, 2016) and ModEM (Meqbel, 
2009; Egbert and Kelbert, 2012; Kelbert 
et al., 2014) software respectively. 
These inversions yield the electrical 
conductivity distribution of the 
subsurface within the study area. Three 
features are imaged in all 7 profiles 
(Figure B8.2). This includes a resistive 
shallow layer, generally extending from 
the surface to depths of about 3-4km 
(upper crust), and often exhibiting 
small inhomogeneous features of 
slightly lower resistivity values. This 
shallow resistive feature is typical/
characteristic of a sedimentary basin/
of sedimentary deposits. Beneath this, 
and displaying a sharp conductivity 
contrast, is a sub-horizontal high 
conductivity layer which has previously 
been correlated to the Whitehill 
Formation (upper/middle crust). 
The surface of this feature varies in 
depth across the study area between 
1.6-5.9km (with the deepest regions 
located in the centre of most profiles, 
deepening to the east and shallowing to 
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Airborne magnetic mapping of subsurface structures 
In order to gain a better understanding of the architecture of (part of) the Karoo Basin, a new 
aeromagnetic survey is being flown. This is because the resolution of existing geophysical 
datasets across the Eastern Cape Karoo is relatively too coarse (approximately on a 1km grid) 
with the exception of a localised survey flown in 2002 at 200m line spacing by the Council for 
Geoscience (CGS) over the Queenstown area. 

The airborne survey is designed to ac-
quire magnetic and radiometric (also 
known as gamma-ray spectrometry) 

data together with digital terrain model, and 
is expected to expose the detailed confi gu-
ration of the surveyed part of Karoo basin 
and its complex fault and fracture patterns 
through shale rock formations down to 2-5 
km (depths at which there is a noticeable 
absence of any high resolution data in the 
Karoo where shale gas is expected to be ex-
ploited in the future). 

The airborne magnetic method is based 
on the ability to measure from small 
altitude variations in the earth’s magnetic 
field mostly due to detectable magnetic 
susceptibility and/or remnant magneti-
zation contrasts down to depths of tens 
to hundreds of metres below surface. 

Detection is done using a fluxgate type of 
sensor (a Cesium vapour sensor is often 
used in exploration surveys). The fluxgate 
type allows measurements of compo-
nents of the magnetic vector field. The 
magnetic sensor is flown at low terrain 
clearance to increase the amplitude of 
detected magnetic anomalies (magnetic 
values at variance with the regional 
magnetic field) and to keep the horizontal 
dimension of each anomaly to an area 
closer to its source. 

The resolution of the airborne survey 
also lies in the spacing between flight 
lines and in the case of this baseline 
survey is chosen to be 200m, sufficient 
to detect subtle structures and similar 
to the exploration industry standard. 
Figure 20 shows the relative ‘quantum 

jump’ in resolution between a 1km grid 
data (equivalent 1km flight line spacing) 
and the 200m flight line spacing data for 
the same geological area. Many subtle 
structures are not detected by the 1km 
data and thus remain unavailable to the 
interpreter. 

The baseline survey is thus designed to 
be flown using a light, low flying aircraft 
known as gyrocopter (Figures 20 and 21). 
The aircraft is purpose built and does not 
require a formal runway or landing strip 
to operate. Its in-flight carbon footprint 
is lower than that of traditional fixed 
wing geo-survey airborne platforms with 
unleaded petrol consumption of less than 
21 litres per hour. Payload for the 180 
horsepower gyrocopter is 220 kg.

F I G U R E  2 0 . 

(a) Gyrocopter during survey mobilization in the Makhonjwa 
Mountains. 

(b) Example of improved data resolution by reducing line-spacing. 
(top surface) stitched 1km flight line data (bottom surface) 200m 
flight line data acquired by the gyrocopter shown in (a).

A B
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2D and 3D subsurface resistivity 
inversion model vertical slices of Profi les 
1 (bottom - West) to 7 (top - East). 
Station locations are indicated by the 
white triangles (2D) or black  circles 
(3D) along the surface of the air-ground 
interface. Vertical and horizontal 
distances are in kilometres, and defi ne 
the location of high conductors (red 

and yellow-green regions) and low 
conductors/high resistors (blue regions) 
along each profi le. Whilst inversions 
results are displayed for ca. 80km length, 
lack of station coverage (especially in 
Profi les 2-7) must be noted to the North, 
resulting in lack of resolution for the 
underlying regions. The three features 
imaged in all profi les are the resistive 

shallow layer (with numerous small 
inhomogeneities), the undulating high 
conductivity layer with the sharp top 
surface, and the resistive basement. 
Profi le 1 also images the north-dipping 
sub-vertical high conductor within 
the resistive basement that spatially 
correlates with the surface extent of the 
BMA.

F I G U R E  B 8 . 2 . 

 Intensive advanced modelling is 
being conducted to test the validity 
of features of the inversion, constrain 
the thickness and geometry of 
high conductors (most notably the 
thickness of the sub-horizontal 
layer), and incorporate information 
gained from additional studies. These 
will allow observed changes in the 

electrical distribution of the region 
to be noted, with the focus on the 
Whitehill Formation. This in turn may 
indicate whether gaseous phases 
might be present in the rock matrix 
or if electrical conductivities indicate 
over-mature carbon content. In 
addition, the small shallow anomalies 
of high conductivity observed within 

the shallow resistive layer are being 
investigated in correlation with the 
subsurface EC distribution obtained 
from the groundwater survey 
conducted in/around Jan senville, to 
determine whether they correspond to 
groundwater aquifers and the location 
of existing operating boreholes. n
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F I G U R E  B 9 . 2 . 

The dolerite (hatched polygons) in the survey area correlates well with magnetic 
anomalies (colour). The original data has been fi ltered using the vertical derivative.

The area extent of the survey was 
therefore reduced to 1710 km2 . This 
reduction was in order to keep the 
survey bounds fairly simple, without 
having distinct blocks cut off from the 
main block. The majority of the area 
lost was as a result of the refusal of 
some large farms in the north-east 
and south-east, as well as the town of 
Jansenville itself. In addition to moving 
the outer boundaries of the survey, some 
areas or farms within that boundary 
were also excluded (including the 
town of Jansenville).  Other exclusions 
include game enclosures such as 
commercial ostrich and chicken farms. 
Consequently, although permission was 
granted for 162 parcels, fl ights were 
fi nally planned to take place over 144  
land parcels. These land parcels covered 
an area of 1635 km2; and this fi nal area 
demarcated for the  gyrocopter survey 

can be seen in Figure B9.1.  Following 
this process, which included multiple 
open meetings with the relevant farmers’ 
associations (Jansenville and Waterford), 
the survey team deployed with the 
gyrocopter in October 2016.

Unfortunately adverse wind conditions 
led to poor quality data being collected, 
and the decision was  made to postpone 
the fl ight until early in 2017. On the 
subsequent deployment in February 
2017,  the aircraft suffered a technical 
malfunction and was forced to land 
shortly after take-off, resulting in it being 
written off. As a result of this, full data 
acquisition has not been possible owing 
to delays in replacing the aircraft.

An alternative high-resolution magnetic 
dataset was obtained from the Council 
for Geoscience in order to test the 

proposed processing methodology 
with data from the Eastern Cape. The 
dataset was acquired in 2002 over 
an area just north of Queenstown 
comprising rock formations known 
as the Qoqodala ring complex. The 
dataset has 237 survey lines, spaced 
200m apart, with a mean clearance 
above ground of approximately 200m. 
In total, 6713km were fl own. Apart from 
being fl own at higher  altitude than 
the planned gyrocopter survey, which 
was planned for 50m, the dataset is of 
similar resolution. 

Dolerite outcrops and linear dykes within 
the ring complex area were identifi ed 
from the 1:250 000  geological map. 
The local geology also comprises 
sedimentary rocks of the Burgersdorp 
Subgroup of the Beaufort Group and 
the Molteno Formation, ubiquitous 
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F I G U R E  2 1 . 

The modifi ed Kriek IIb gyrocopter 
on-site in the Jansenville area, parked in 
a temporary hanger.

It is be noted that apart from attention 
to the above technical specifi cations of 
the aircraft for airborne surveying in the 
Karoo, a critical dimension of such survey 
is the permitting process with farmers 
and landowners (see Box 9). This process 
together with hunting season restrictions 
led to much delay in effective data 
acquisition. 

AIRBORNE MAGNETIC SURVEY DATA
M A R T I N  B E N T L E Y

BOX 9

The information being gathered using 
this geophysical method is well suited 
to exposing detailed confi guration of 
part of Karoo basin and its complex 
fault and fracture patterns. This 
confi guration also include igneous 
intrusions which infl uence both 
surface topography and groundwater 
movement.  An initial area of 2350 km2 

around the town of Jansenville was 
selected, which would allow for com 
parison with the other geophysical 
surveys undertaken in that area 
(see Boxes 7 and 8 ). Accordingly, 
a year-long process was required in 
order to obtain permission to fl y from 
local landowners. In total 206 land 
parcels in the area were identifi ed (with 
some farms being connected smaller 
parcels), and permission to fl y was 
obtained for 162 land parcels. In some 
cases, and due to how these blocks 
were  placed, this led to areas being 
excluded with the result that the survey 
was not performed over a regular 
block. 

F I G U R E  B 9 . 1 . 

The fi nal survey boundaries (black line) with the permission granted for each land 
parcel. Bright orange areas are subsections of farms where permission was not 
granted, although it was for the rest of the farm. The refusal of some strategically 
located farms severely curtailed the extent of contiguous area that could be surveyed.



5 3S H A L E  G A S  R E A L I T I E S  @  K A R O O. Z A    / 

Unmanned Aerial 
Vehicle for near-
surface magnetic 
detection and surface 
monitoring 

F I G U R E  B 9 . 4 . 

Top - Vertical Take-Off and Landing 
IT180 UAV in the fi eld with a DSLR 
camera (Middle); and on flight with a 
magnetometer boom (right). 

Bottom - High resolution composite 
ortho-photo of a dry wetland area from the 
UAV DSLR camera compared to available 
Google Satellite imagery (background).

In addition to the main survey using a 
manned aircraft, some work was done 
using an IT-180 UAV (Unmanned Aerial 
Vehicle – see Figure B9.4). This is a 
remotely controlled aerial vehicle with 
video link up to 1-km range in standard 
mode with a fl ight time of approximately 
45 minutes, and a payload of 5kg. The 
IT-180 UAV is equipped with camera 
pan and tilt orientation and stabilisation 
gimbal, differential GPS, and sidebar 
for extra sensor such as a fl uxgate 
magnetometer if required. It allows 
for the mounting of other miniaturized 
remote sensing instruments such as 
hyperspectral and near infra-red sensors, 
in addition to a visible band digital single-
lens refl ex (DSLR) camera.

While tested with some geophysical 
equipment, surveys up until now have 
focused on the visual observation 
of small wetlands where repeat 
observations for monitoring purposes 
are planned. Figure 20  shows the 
improvement in resolution that can be 
reached. The survey that generated 
this imagery can also be fl own more 
regularly than satellite imagery can be 
obtained/updated. Small-scale surveys 
can also be undertaken quickly and 
easily. These can be fl own very slowly 
and  at low altitudes, but still be quicker 
than ground-based surveys. In addition 
to subsurface magnetic detection, other 
planned applications include vegetation 
and soil-type surveys. n
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F I G U R E  B 9 . 3 . 

Anomaly source depth image 
calculated using the AREA function.. 
Yellow is shallow and purple is 
deeper, up to a maximum depth of 
2450m below surface.

dolerite of the Karoo Igneous Province, 
and some shallow quaternary river 
deposits. The magnetic susceptibility 
of dolerite is considerably higher 
than that reported for either of the 
sedimentary host rocks, which means 
that contrasts will effectively highlight 
the presence of dolerite. Values for these 
lithostratigraphic units were obtained 
from the Council for Geoscience’s 
physical properties database. The area 
has been studied from a hydrogeological 
viewpoint by Chevallier et al.  2004), and 
the dolerite was reported to be a sill 
and ring complex. As expected from the 
susceptibility contrast, there is a good 
spatial correlation between the surface 
extent of dolerite and magnetic anomalies 
(Figure B9.2 ) 

A major goal of this analysis was to 
determine the depth to the top of the 
sources of magnetic anomalies, for which 
the area  function of van Buren (2009) 
was chosen. The area  function has been 
implemented in the Python programming 
language, building on the geophysical 
library initially developed by Uieda (2014). 
The function works by looking at the data 
at multiple upward continuation levels 
that affects the spatial wavelength, to 
estimate the depth to the top of a given 
magnetic source. 

Results of this analysis can be seen in 

Figures B9.2 and 9.3 , where the main 
ring structure stands out as an area where 
anomalies are deeper. The presence of 
dolerite at surface masks some of the 
deeper anomalies in places.

Using measured values of physical 
properties from the CGS database, and 
work already done by geologists on 
the dolerites (Chevallier and Woodford, 
1999), it will be possible to perform 
forward modelling to further constrain 
possible subsurface geometries. This will 
also allow for a correlation with known 
depths to the Whitehill Formation, which 
may allow for additional insight into the 
possibility and extent of the Whitehill 
being affected by the igneous intrusions. 
Getting more robust estimates of the 
subsurface distribution of dolerites 
allows for a better understanding of the 
potential movement of groundwater in 
the area. From work done by Nhleko 
(2008) in the area, the dolerites often 
act as a cap to deeper aquifers, so a 
depth estimate allows for an estimate 
for drilling in an area. Even with such 
an estimate, there is still signifi cant 
subsurface complexity,  given that 
multiple layers of dolerite have been 
reported from drilling in the area (Nhleko 
2008). The software tools developed here 
will allow for ease of processing of future 
surveys.
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These sources are very sensitive to both 
natural and anthropogenic influences, 
such as flow, evaporation and pollution. 
Groundwater is the lesser understood 
resource in the Karoo and requires better 
archiving if it is to be sustainably used in 
the future and protected from SGD pollu-
tion.  A major aim then is to characterise 
both shallow groundwater (<500 m) and 
deeper saline groundwater in the vicinity 
of the gas shales, based on minerals, 
major and trace elements, as well as gas 
and water isotope analyses (δ18O, δD, 
δ13 C) and to delineate possible hydraulic 
connectivity between the shallow and 
deep aquifers, along which fluids naturally 
migrate. To achieve this, a hydrocensus 

across two baseline areas was completed 
first (Figure 22).

More than 800 shallow borehole sites and 
natural springs (<500 m) have been visited 
of which approximately 200 are open 
boreholes. Open boreholes were profiled 
for electric conductivity to delineate the 
specific depths of water strikes and slug 
tests were performed to analyse the yields 
and hydraulic conduc tivity of aquifers. 
SOEKOR boreholes drilled up to 4km 
deep in the 60’s and 70’s, and thermal 
springs with source water >500 m were 
also tested. The boreholes continue to 
be sampled and analysed at least three  
times per year, and specifically after 

summer (April/ May) and winter (October/
November), particularly in those areas 
where interconnectivity of watersheds 
along dolerite intrusions as well as fault 
systems are  known to enhance preferen-
tial flow of water and to determine if there 
is mixing of waters between water shed to 
predict

F I G U R E  2 2 . 

Map of the western baseline area, showing locality of the sites 
visited during the hydrocensus. Unequipped boreholes and 
springs shown as pale blue coloured circles, and equipped 
boreholes as dark blue coloured circles. Quaternary catchment 
boundaries are shown. A total number of 861 sites were covered, 
including 64 natural springs and 797 boreholes. Of the 797 

These sources are very 
sensitive to both natural and 
anthropogenic infl uences, 
such as fl ow, evaporation 
and pollution. 

boreholes, 582 are equipped boreholes (i.e. contain a pump and 
are actively being used) and 215 open, unequipped boreholes. Not 
all sites were sampled due to factors such as pump failures, sites 
being dry and/or inaccessibility. A fi nal number of 749 sites were 
sampled. These sites include 52 natural springs and 697 boreholes 
(Stroebel et al., 2018)
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WATER
Understanding hydrogeology and groundwater contamination is essential to 
planning future water needs for ecosystem and human health and food security. 
This is likely to emerge as a one of Africa’s biggest challenges considering climate 
change and population growth.

Whilst some claim that hydraulic fracturing and gas extraction has never contami-
nated groundwater when fracking is defined solely as the successful release of 
chemicals below groundwater levels; and that contamination occurs only as a result 
of surface-level incidents such as the blowout of well casings and leakage from 
holding ponds and excessive withdraws (e.g. Bharadwaj and Goldstein, 2015; Soeder 
2018), much of this has not been accurately tested in the USA because of lack of 
pre-hydraulic fracturing baseline data. In the Karoo, there is a unique opportunity to 
avoid this ambiguity. Water work is central to AEON’s baseline research.

Deep and shallow aquifer  
connectivity as early warning systems
Water quality has extreme spatial and temporal variability linked to both natural and human 
activities, and thus detecting contamination is difficult if not near impossible to document  
if no baseline data ahead of SGD is available (Brantley et al., 2018).

In the decade 2004-2014, when ca. 
10,000 wells were drilled in Pennsylva-
nia, less than 100 spills or leaks great-

er than 1500 litres transiently contami-
nated less than 200 km of the 70,000 km 
streams overlying the Marcellus plays 
(Brantley et al., 2018); and the average 
distance between spills and the near-
est streams, though unevenly distributed, 
was less than 300 m, and many streams 
have high ecological or drinking water val-
ues (Malcrey et al., 2017). Incidents ap-
peared more often during the early stag-
es, but HVHF chemicals  have never been 
reported yet to migrate from deep shale 
into shallow, drinking aquifers (Brantley, 

2014; Brantley et al., 2014, 2018, Soeder, 
2018). However, climate conditions in the 
Appalachians are very different; and sur-
face streams in the Karoo are rare. Thus 
potential spills might differ considerably, 
and this needs to be tested against reliable 
baseline data. 

Exploration will effect resources confined 
to within the highly interconnected region 
of the Critical Zone. AEON’s study thus 
also aims to ensure that the continued 
interaction is performed in the safest and  
most efficient manner. It will do this by 
characterising and modelling the network 
of fracture interconnectivity and establish 
the natural and induced stress controls 

on this network. This will be achieved 
through high precision fracture mapping, 
complimented with remote sensing and 
mathematical stress calculations  that will 
provide a better understanding on the ma-
nipulation variables, e.g. hydraulic stress-
es, needed for safe exploration within the 
Critical Zone and below. Clearly a detailed 
map of the Karoo groundwater systems is 
central to this aim. The deep groundwater 
system, the age and chemistry of these 
underground  water reservoirs have hardly 
been documented in the southern Karoo. 

Surface and ground-water are widely but 
variably exploited for domestic, agricultur-
al, and industrial uses  in the study area. 
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F I G U R E  B 1 0 . 1 .

Inverse Distance Weighting Interpolated maps of a) Groundwater Electrical Conductivity (mS/m) where the blue colour indicates 
low salinity and the purple colour high salinity domains; b) Groundwater Level (mamsl) where the blue colour indicates low elevation 
groundwater level, and the red colour high elevation groundwater domains; c) Groundwater Level as metres below ground level (mbgl) 
where the blue colour indicates shallow groundwater level, and the red colour deep groundwater level domains and d) Aquifer Yield 
(l/s) where the red colour indicates low yielding aquifers, and the blue colour high yielding aquifer domains. Hydrocensus sites (a) 
and boreholes (b - d) are depicted as green coloured dots (Stroebel et al., 2018).

to form possible perched aquifers 
(Stroebel et al., 2018). Areas with 
groundwater levels deeper than 10 mbgl 
are seen in areas of high elevation/high 
rainfall. This is possibly an indication 
of over-abstraction of groundwater by 
farmers and municipalities (Stroebel 
et al., 2018). Such over-abstraction of 
groundwater is seen throughout the 
region, where isolated areas exhibit a 
groundwater level deeper than 30 mbgl. 
The possible over-abstraction is high-
lighted by the increasing size of areas 
exhibiting a groundwater level below 
20 mbgl, when compared to previous 
observations (Department of Water 
Affairs and Forestry, 2010; Murray et al., 
2012; SRK Consulting, 2012).  

Aquifer yield has been interpolated 

from the calculated yield of individual 
boreholes (Figure B10.1d). Yields are 
predominantly between 1 and 5 Litre per 
second (L s−1). Similar results have been 
observed for Eastern Cape Karoo aquifers 
(Woodford & Chevallier, 2002; Department 
of Water Affairs and Forestry, 2010). This 
research has however identifi ed more 
extensive areas where aquifer yields are 
below 1 L s−1. It is within these regions 
that possible over-abstraction is common 
(Stroebel et al., 2018). 

Initial results from the hydrocensus have 
yielded valuable insights towards defi ning 
a fi nal baseline  status of the Eastern Cape 
Karoo. These measurements have again 
emphasized the need to gather up-to-date 
good-quality scientifi c information needed 
to classify baseline conditions. Based only 

on  EC, groundwater depth and aquifer 
yield, changes have been observed in 
groundwater conditions throughout 
the research area when compared to 
previous observations (Department of 
Water Affairs and Forestry 2010; Murray 
et al. 2012; SRK Consulting 2012). Areas 
where groundwater exhibits higher, un-
acceptable EC values indicate increased 
salinization and possible decreased 
quality. Aquifers within the area are also 
being increasingly stressed due to pos-
sible over-abstraction. This is evident 
due to an increased groundwater level 
to below 30 mbgl in certain areas and 
also the expansion of areas where 
groundwater levels are below 20 mbgl. 
These observations will have to be 
included when identifying a robust, but 
evolving baseline condition. ■
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T A B L E  B 1 0 . 1 . 

Classifi cation system used to evaluate 
water quality classes based on electrical 
conductivity (Department of Water 
Affairs and Forestry, 1998)

Data collected during the hydrocensus 
were spatially visualized (Stroebel et 
al., 2018). Inverse distance weighting 
interpolation was used to populate 
measurements. Parameters visualized 
are the recorded electrical conductivity, 
measured groundwater depth and 
determined borehole yields. The 
measured electrical conductivity values 
were grouped and classifi ed according 
to the publication Quality of Do mestic 
Water Supplies, DWA&F, Second Edition 
1998 (Department of Water Affairs and 
Forestry 1998). An explanation of the 
classifi cation scheme is provided in 
Table B10.1 . 

Based on electrical conductivity, the 
groundwater within the research area 
is predominantly classifi ed as ideal to 
marginal in quality (Figure B10.1a). 
Similar results have been reported for 
the Eastern Cape Karoo (Department of 
Water Affairs and Forestry, 2010; Murray 
et al., 2012; SRK Consulting, 2012). 

However, increased areas where water 
exhibits a considerably lower quality 
(poor to unacceptable) have been 
identifi ed (Stroebel et al., 2018). Ideal 
to good water quality is seen in areas 
of higher elevation with higher annual 

precipitation, and also throughout the 
immediate surface water runoff zones 
in such areas. The higher precipitation 
results in higher groundwater recharge 
values, causing increased dilution with 
the fresher meteoric water (Stroebel et al., 
2018). In contrast, poor to unacceptable 
water quality is seen in areas at low eleva-
tion with lower annual precipitation. The 
lower rainfall results in lower groundwater 
recharge rates, with limited to no dilution 
with fresher meteoric water (Stroebel 
et al., 2018). Furthermore, regional 
groundwater typically fl ows along the 
hydraulic gradient from areas of higher 
elevation (e.g. Freeze and Cherry 1979). 
It is interpreted that groundwater present 
at low-lying areas exhibits lower quality 
because these have typically undergone 
extended periods of water–rock interac-
tions due to lengthier recharge fl ow paths 
(Stroebel et al., 2018). 

Distance to groundwater level is present-
ed in mamsl (Figure B10.1b) and mbgl 
(Figure B10.1c). Groundwater presented 
in mamsl confi rms that the regional 
groundwater level is linked to topography 
and, as mentioned, fl ows down-gradient 
from higher elevations (e.g. Freeze and 
Cherry 1979). The regional groundwater 

fl ow direction can therefore be 
determined and is depicted to fl ow in 
a NW–SE aligned direction within the 
study area (Stroebel et al., 2018).

The depth to groundwater level in mbgl 
is mostly between 10 and 20 mbgl. 
Similar groundwater depths have been 
observed for the Eastern Cape Karoo 
(Department of Water Affairs and 
Forestry 2010; Murray et al., 2012; SRK 
Consulting, 2012). However, regions 
with deeper water levels (below 30 
mbgl) have been identifi ed, and areas 
of water levels deeper than 20 mbgl are 
seen to be more extensive. Areas with 
groundwater below 20 mbgl are seen 
predominantly in areas of lower annual 
precipitation. This is interpreted to 
refl ect that the lower recharge volumes 
result in a deeper water table (Stroebel 
et al., 2018). Groundwater shallower 
than 10 mbgl is seen in areas of higher 
elevation with higher annual precipita-
tion (higher recharge), as well as in the 
immediate runoff zones of these areas. 
The higher recharge volumes equate to 
a shallower water table. The presence 
of dolerite sills and dykes in these 
areas may also be a contributing factor, 
where the dolerite sills act as aquitards 

BOX 10GROUNDWATER DEPTHS AND 
BOREHOLE YIELDS

D I V A N  S T R O E B E L
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This fi nding suggests that the 
groundwater and seawater 
systems are for now, closed 
systems and do not interact 
with one another.

F I G U R E  B 1 1 . 2 . 

Relationship between δ2H and δ18O values for groundwater 
samples as well as seawater samples. Groundwater samples are 
represented by the blue dots, and the seawater samples are rep-
resented by the yellow dots. The black line represents the Global 
Meteoric Water Line (GMWL) and is a metric for the average 

isotopic composition of terrestrial waters, worldwide. The Local 
Meteoric Water Line (LMWL), represented by the purple line is the 
average isotopic composition of South African terrestrial waters. 
The blue dotted line represents the average isotopic composition 
of the samples obtained within the study area.

under investigation. Both open (without pumps) and closed (boreholes with pumps) 
were sampled. In-fi eld measurements included electrical conductivity and the tem-
perature of the groundwater. The samples were captured in 500ml plastic bottles, 
placed in a fridge at 2°C, and within a week transported to the laboratory for analy-
sis. A second sample was collected at every site for stable isotope analysis. These 
sample bottles were stored in an unrefrigerated dark box and then transported to 
iThemba LABS in Johannesburg. 

The main reason the stable isotope analysis was conducted is because groundwa-
ter and seawater have different isotopic signatures. 

The collection of groundwater samples are quite far removed from the seawater 
samples, with no intermediate samples (Figure B11.2). This fi nding suggests that 
the groundwater and seawater systems  are for now, closed systems and do not in-
teract with one another. If there were intermediate samples,one could infer variable 
mixing but there is no evidence to support this.

Although seawater intrusion is the main focus of this study, it is also important to 
gain a better understanding of the current groundwater quality within the delineated 
study area. This work is in progress and will give future studies a baseline to 
work with. ■
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TESTING FOR SEAWATER INFLUX 
INTO GROUNDWATER SYSTEMS

K E E G A N  J E P P E S E N

Although seawater intrusion 
is the main focus of this 
study, it is also important to 
gain a better understanding 
of the current groundwater 
quality within the delineated 
study area. This will give 
future studies a further 
baseline to work off. 

BOX 11

A linked study was conducted to determine if there is seawater infl ux into the shallow 
coastal freshwater aquifers of the eastern margin of the Karoo basin. Seawater intru-
sion into a freshwater aquifer affects the water quality of the freshwater by turning it 
saline to the point where it is unusable to humans and animals as well as for irrigation 
purposes (Khublaryan et al., 2008). This process cannot be easily reversed as once 
the saltwater enters the coastal aquifer, the salts interact with water-bearing rocks and 
become saturated. The consequence of this is that the aquifer will remain damaged 
for years as fresh water which percolates down into the salt-saturated aquifer will then 
take on the characteristics of the saline aquifer (Khublaryan et al., 2008).

F I G U R E  B 1 1 . 1 

Left (a) location of the study area, 100km by 60km (in pale blue), within the general 
setting of the eastern Karoo region south of Lesotho (white), and highlighting dolerite 
sills in red. The small blue squares represent major urban centres and the notable ones 
have been named. Right (b) is a geological map in and adjacent to the study area, with 
sample locations highlighted as dark blue dots.

Although seawater intrusion is the main focus of this study, it is also important to 
gain a better understanding of the current groundwater quality within the delineated 
study area. This will give future studies a further baseline to work off. 

The study area is located in the Eastern Karoo, and covered the towns of Stutterheim, 
King Williams Town and Kidds Beach. As aquifers are not entities with straight lines, 
the spatial statistics across study area are complex. It is however loosely based upon 
the quaternary catchments. Even then, it is diffi cult to form an orderly grid as the 
boreholes used to sample the groundwater are not evenly spaced. The best technique 
to describe the sampling undertaken is a random sampling method (e.g. Gravetter 
and Forzano 2011). 

An initial hydrocensus was conducted over the study area whereby the GPS co-ordi-
nates as well as numerous other metrics were measured on and around the boreholes 
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F I G U R E  B 1 2 . 2 . 

Sampling depth (masl) vs. 14C (pMC) for the sampled groundwater. 
KB021 is an old/ deep groundwater sample and, KB070; KB107 and 
KB084 are mixed groundwater samples. 

These older (<74 pMC) samples were 
collected from boreholes that are 
aligned ~50 km parallel to and north-
east of the Cape Mountains in the 
southern part of the study area (Figure 
B12.1). This suggests that deep set 
faults within the Cape Mountains and 
the basement of the southern part of 
the Karoo basin (Egle et al., 1995; Egle, 
1996; Booth & Shone, 2002; Linol & de 
Wit, 2016) act as preferential pathways 
for deep groundwater migration to shal-
lower depths (<60 mbgl) where it cools 
(<25°C). Alternatively, that these older 
groundwater samples were collected at 
lower elevations in the southern part of 
the study area where it relatively rains 
less implies that they are older due to a 
reduced amount of rainfall. 

After correcting the dilution of 14C in DIC 
by 14C (free) carbonates (e.g. limestone) 
using the Pearson model, 14C ages 

(years) were calculated. This showed that 
in addition to the four older groundwater 
samples (KB021; KB070; KB107 and 
KB084), KB742; KB770 (north of the 
general edge of the Great Escarpment); 
KB419 (south-eastern part of the study 
area); and TS021 (north-eastern part of 
the study area) have old ages (≥ 2000 
years) as well though they have modern 
14C (pMC) concentrations (Figure B12.3). 
This shows the infl uence of adjusting the 
14C content in groundwater based on its 
dilution and implies that older ground-
water occurs in other parts of the study 
area possibly due to other fault systems 
between deep and shallow aquifers. 

The occurrence of hot springs resembling 
old groundwater (studied based on 
magnetotellurics and isotope studies) in 
both the interior of the Karoo basin (e.g. 
Florisbad, Fort Beaufort, Aliwal North 
and Beersheba) and the Cape Mountains 

(e.g. Toowewater, Warmbad, Calitzdorp, 
Montagu, Warmwaterberg) (Mazor and 
Verhagen, 1983; Diamond and Harris, 
2000; Weckmann, et al., 2007b; Warner, 
et al., 2012; Swana, 2016) supports 
the migration of groundwater from 
the deep aquifer and to the shallow 
aquifer and, considering the outcomes 
of this research project, some of this 
groundwater possibly cools and/or 
mixes with low temperature modern 
groundwater, which is consumed by the 
residents. Should hydraulic fracturing 
be implemented in South Africa, this 
potable groundwater will be at risk to 
contamination. Figure B12.4  below is 
a conceptual model of the study area 
based on the outcomes of this research 
project. Additional outcomes including 
recharge mechanisms and were studied 
using δ18 O-δ2 H relationships.

Also shown is the generally positive correlation (R2=0.38) between 
sampling depth (masl) and 14C (pMC).
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TESTING FOR DEEP AND SHALLOW 
GROUNDWATER CONNECTIVITY

S I N A Z O  D L A K A V U

F I G U R E  B 1 2 . 1 . 

This study is located in the south-central part of the Karoo base-
line research area in the Eastern Cape Province. Closely spaced 
contour lines in the southern part of the study area mark the 

Geochemical evidence (e.g. Warner et 
al., 2012) and fi eld experiments (e.g. 
van Tonder et al., 2013) suggest that 
hydraulic fracturing puts areas with 
natural groundwater reservoir connec-
tivity at higher groundwater contamina-
tion risk. Thus, documenting areas with 
natural groundwater connectivity before 
the anticipated shale gas development 
in South Africa could assist with 
developing legislative framework for 
hydraulic fracturing near such areas. In 
this study, which was conducted in the 
south-central part of the Karoo basin 
(Figure B12.1), groundwater dynamics 
(primarily connectivity between old and 
low temperature (<25°C) groundwater) 

are studied using isotopes (14 C, δ18 O-δ2 
H, 3 H, and δ13 C) in conjunction with 
geochemical parameters (sampling depth 
(masl) and (mbgl), temperature (°C), EC 
(μS/m) and sustainable yield (l/s)). 

In the Karoo basin, older groundwater 
from deep aquifers (>300 mbgl) com-
prises distinct isotope signatures (-6.7 
to -7.7 ‰ for δ18O; -39 ‰ for δ2H; 0 to 
0.5 TU for 3H and 20 to 53 pMC for 14C) 
compared to mixed groundwater (e.g. 
mixture between old/deep groundwater 
and modern/shallow groundwater) (-4.9 
to -5.7 ‰ for δ18O; -28 ‰ for δ2H; 0.1 to 
0.9 TU for 3H and 50 to 74 pMC for 14C) 
and modern groundwater from shallow 

aquifers (-4.9 to 0.4 ‰ for δ18O; -30 to 
0 ‰ for δ2H; 0.5 to 3.1 TU for 3H and 74 
to 94 pMC for 14C) (Murray et al., 2015). 
Major overlaps among isotope signa-
ture constraints between the different 
aquifer/groundwater groups complicate 
discriminating between aquifer/ground-
water groups. 

This overlap is small for 14C (pMC) 
(Figure B12.2), making 14C a favourable 
groundwater residence-time tracer. 14C 
(pMC) results for this study show that, 
KB021 is an old/deep groundwater 
sample and, KB070; KB107 and KB084 
are mixed groundwater samples. 

BOX 12

regional edge of the great escarpment, where elevation increases 
rapidly (> 2 km) away from the southern part to the northern part 
of the study area (see also Figure 9b).
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δ18O-δ2H relationships for the sampled 
groundwater suggests that ground-
water collected on the eastern part 
of the study area and within the main 
drainage of the Great Fish River (Figure 
B12.1) does not experience signifi cant 
evaporation as they plot close to or on 
the GMWL (Global Meteoric Water Line) 
(Figure B12.5). 

Groundwater samples collected in the 
western part of the study area plot on a 
groundwater δ18O-δ2H line, which devi-

ates from both the LMWL (Local Meteoric 
Water Line) and GMWL with a smaller 
gradient (Figure B12.5). This smaller 
gradient suggests that this groundwater 
experienced evaporation upon or after 
groundwater recharge possibly due to 
the relatively warmer climate in that area 
(Sami, 1992; Adams, et al., 2001). The 
isotope composition of the recharging 
water for this project is calculated at 
the intersection between the sampled 
groundwater δ18O-δ2H line and the GMWL 
(Sami, 1992). The result is -5.42 ‰ and 

-33.38 ‰ for δ18O and δ2H, respectively 
(red dot- Figure B12.5). 

This isotope result plots half way 
between the most isotopically depleted 
(heavy rainfall events) and the most iso-
topically enriched (light rainfall events) 
rainfall events in South Africa (Vogel & 
van Urk, 1975; Sami, 1992). This sug-
gests that groundwater recharge in the 
study area was a result of both heavy 
and light rainfall events (Kirchner, et al., 
1991; Sami, 1992). 

 F I G U R E  B 1 2 . 5 . 

δ2H vs δ18O for the sampled groundwater. Also shown on is 
the GMWL (Craig, 1961), LMWL (Sami, 1992) and the linear 
relationship for the sampled groundwater (δ2H = 5.40(δ18O) – 
4.05). The labelled groundwater samples were collected within 

the main drainage of the Great Fish River and do not experience surface 
evaporation upon/after groundwater recharge because they plot close to 
the GMWL. The red dot represents the δ18O and δ2H for the groundwater 
recharging water.

■
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F I G U R E  B 1 2 . 3 . 
14C (pMC) vs. 14C (years) plot of sampled 
groundwater. Also shown are groundwater 
samples with similar calculated ages 
(years) but different 14C (pMC) concentra-
tions (encircled with dotted lines).

F I G U R E  B 1 2 . 4 . 

Conceptual model for the study area 
(not to scale). Shown on the fi gure is the 
identifi ed area with potential reservoir 
connectivity in the southern part of the 
study area, close to the Cape Mountains. 
Few possibly older groundwater samples 
(14C (age) ≥ 2000 years) occur at higher 
elevations in the Great Escarpment.
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Well design and integrity is needed 
to prevent future methane leakages. 
Selected site visits of Soekor boreholes 
have illustrated that the improper well 
closure and monitoring has led to 
several of these boreholes releasing 
methane into the atmosphere. 

The majority of thermal springs and a 
number of the deep (>1500m) Soekor 
boreholes, as well as shallow ground-

water boreholes with suspected methane 
leakages were tested (Figure B13.1) to 
verify if these sites are in fact leaking 
methane and, if so, their C-isotopic signa-
tures were determined to provide insight 
to the possible source of methane (e.g. 
thermal as opposed to biogenic). 

To establish a baseline for this baseline 
study, mobile Picarro surveys (Figure 
B13.2) were also completed in the city 

of Port Elizabeth, where signifi cant 
methane plumes were identifi ed at a 
landfi ll site, wastewater treatment site, 
and in one of the industrial areas. The 
image of methane being detected at 
the Arlington landfi ll site (Figure B13.3) 
illustrates the instrument’s capability 
of identifying and detecting active 
methane plumes in a mobile vehicle. 
This method has been used previously 
in the USA and Australia (Jackson et 

 F I G U R E  B 1 3 . 1 . 

Right - Sites sampled across the geological Karoo Basin (brown) 
to determine methane leakages and their δ13C-CH4 signatures. SA 
1/66 is a Soekor borehole near Melville, drilled more than 50 years 
ago, which presently leaks methane. Left - measuring methane 
leakage at borehole KWV-1.

 F I G U R E  B 1 3 . 2 . 

Picarro mobile methane analyser mounted in the back of a bakkie/
truck (left) allows for continuous measuring whilst driving; or station-
ary testing of methane leakage at for example from the Soekor SA 
1/66 borehole near Merweville (right).
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Natural and induced shale gas leakage – 
facing the climate change debate

Shale gas extraction has greater support than other fossil fuels production as a 
result of its environmental promises, especially in combating climate change, if it is 
extracted safely but which calls for greater scrutiny in for example methane leakage.

Lack of a baseline before hydraulic 
fracturing and gas extraction from depth 
makes it very difficult to distinguish gas 
extraction in natural occurring leaks from 
that induced during fracking. 

Carbon Isotope chemistry of hydrocarbon 
gases associated with formation waters 
will be determined and a geochemical 
baseline of dissolved (in the formation 
water) or free hydrocarbons in and around 
inactive unequipped boreholes and natural 
springs identified and characterized 
during the hydrocensus. Documenting 
new contamination in pre-contaminated 
waters is difficult; Methane emits also 
from many coal mines (for example near 
Moltino) and oil wells, some of which are 
not exposed at surface 

This project is focussed on system-
atically measuring Carbon Isotopes 
(C-isotopes) of dissolved and gaseous 
carbon species associated with natural 
formation water across the southern 
Karoo to provide a baseline map of 
Methane leakage prior to potential shale 
gas exploration. In addition the work 
will improve understanding of the origin, 
distribution and connectivity of natural 
hydrocarbon gas across the critical 
zone. This work also includes measur-
ing leakage at Soekor boreholes sites 

CONSTRUCTING A METHANE  
LEAKAGE BASELINE MAP

R I C H A R D  C A M P B E L L

that were drilled more than 50 years ago, 
and thus help resolve debates concerning 
the longevity of drill-hole sites into the 
future if casing is, or is not implemented 
at the highest possible standards (e.g. 
ASSAf, 2016). 

The C-isotope analysis uses a portable 
Picarro G2201-i cavity-ringdown spectro-
scopic analyser, presently the only such 
instrument available in South Africa. In 
addition, water samples are also collected 
for total organic and inorganic carbon 

(TOC and TIC) for determinations on OI 
Aurora 1030W TOC Analyzer, followed 
by a coupled online analysis by the 
Picarro G2201-i for C-isotope analysis. 
These novel sampling and analytical 
approaches necessitate significant 
method development and validation.  
Particular attention to the equipment, 
reagents and high concentrations of dis-
solved salts in sample water is required 
because of potential effects of organic 
C contamination of equipment. 

It has been documented that 24% of 
drinking water wells in Pennsylvania may 
contain “natural” natural gas. And more 
than 70% of wells in northeastern PA may 
have natural gas (Brantley 2014). Given 
this  natural contamination, the rate that 
shale gas wells cause stray gas to migrate 
into homeowner wells can be difficult to 
determine. Based on data from the PA 
DEP from 2005 to March 2013, 3.4% of 
unconventional gas wells received Notices 
of Violations (NOV) for cement, casing, 
or well integrity problems that can lead 
to gas migration (Vidic et al., 2013). From 
these problems, however, only 0.24% of 
the total number of gas wells was cited 
for contaminating groundwater. 

With, the use of a new CH4 isotope analys-
er connected to a Total Organic Carbon 
Analyser, the C-isotope  data will help 
in discrimination between biogenic and 
thermogenic hydrocarbon gas sources 
and the various  potential sources of DOC 
and DIC in groundwater. These data will 
provide a baseline idea of the current  
natural gas emissions in the area, and 
enable detection of changes in their abun-
dance or source should the operations of 
shale gas exploration/ exploitation take 
place. Similar applications to dissolved 
organic  components in groundwater are 
ongoing.

BOX 13
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LIFE
The goods and services provided by 
ecosystems are important for sustaining 
human life, economic development and 
meeting of sustainable development goals 
(SDGs). This makes the monitoring and 
understanding of ecosystem change vital to 
sustainable exploration of natural resources, 
groundwater, energy, and minerals that 
support life (United Nations, 2013). 

Ecosystem monitoring

Species loss affects ecosystem 
processes (Pimm et al., 1995) 
and its prevention is critical for 

the sustaining of ecosystem services 
(Carpenter et al., 2009). There have been 
many studies that indicate a positive 
relationship between biodiversity and 
ecosystem functioning (e.g. Hooper et al., 
2005; Balvanera et al., 2006; Cardinale et 
al., 2006). 

Biodiverse environments have been 
shown to maintain and increase the 
resilience of communi ties to degradation 
or disturbance (Reid et al., 2009). Even 
though the relationship between diversity 
and stability of an ecosystem is neither 
linear nor random (Elmqvist et al., 
2003), biodiversity does appear to play 
a substantial role in resilience (Peterson 
et al., 1998). Some authors (Tilman & 
Downing, 1994; Tilman et al., 1996) have 
demonstrated that the efficiency and 
stability of some ecosystem functions 
are increased by an increase in species 
number.  

This can be explained by the myriad of 
ecological functions that different species 
may perform, including regulation of 
biogeochemical cycles, alteration of 
disturbance regimes, modification of 
the physical environment or regulation 
of ecological processes through 
predation, parasitism, pollination or seed 
dispersal (Gunderson, 2000). In terms of 
conservation, both biodiversity pattern and 
process should be conserved. “Pattern” 
is the structure and composition of 
biodiversity, including genetic variability, 
and the number, spatial and temporal 
distribution of species, communities, 
ecosystems and landscapes. 

The ‘process’ element is the interaction 
between populations, species, and 
communities allowing the persistence of 
biodiversity in a landscape. Ecosystem 
services are underpinned by both pattern 
and process, highlighting the importance 
of conserving both elements (Brownlie, 
2005).

Species loss affects 
ecosystem processes and 
its prevention is critical for 
the sustaining of ecosystem 
services 

Plants

The botanical environmental impacts of 
induced fluid to seeds and mature plants 
of selected Karoo and Thicket species 
were investigated, as well as the compila-
tion of a species list for those areas likely 
to be affected by hydraulic fracking, high-
lighting Species of Conservation Concern. 
The environment is physically represented 
inter alia in the vegetation and as a result 
changes in environment are observed in 
the vegetation (Kent, 2012). This makes 
assessment of the vegetation one of the 
most widely used tools for interpreting 
and understanding complex ecosystems 
(Doing, 1970).

In understanding ecosystem change, 
the consequences of pattern and scale 
of populations and ecosystems should 
not be neglected. Positive and negative 
feedbacks function at diverse spatial scales 
to produce various patterns in natural 
systems. Anthropogenic disturbances also 
have the potential to induce spatial pattern 
formations in nature (DeAngelis, 2012).
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F I G U R E  B 1 3 . 3 .

Mobile survey along the roads detects a methane plume 
over the Arlington Landfi ll Site where the concentrations 
of methane gas in the air about 1 m above ground is as 
high as 13.8ppm (well off-scale on the legend).

F I G U R E  B 1 3 . 3 .

Mobile survey along the roads detects a methane plume 
over the Arlington Landfi ll Site where the concentrations 
of methane gas in the air about 1 m above ground is as 
high as 13.8ppm (well off-scale on the legend).

al., 2014; Maher, et al., 2014; Phillips et 
al., 2013) to locate methane sources. 
Results from the mobile instrument 
across the Karoo can also detect 
methane emissions along farms linked 
to specifi c agricultural practices (Figure 
B13.4), and which need to be quantifi ed 

F I G U R E  B 1 3 . 4 .

Left - Mapping methane leakage across the Main Karoo Basin,
in springs. Right - across agricultural fi elds.

also when attempting to defi ne a baseline 
methane map of the Karoo. This technol-
ogy and methane plume mapping will be 
invaluable for future monitoring should 
shale gas exploration and exploitation go 
ahead. This research thus aims to acquire 
knowledge about the sources and abun-

dance of C-isotope leakage of dissolved 
and gaseous carbon species associated 
with natural formation water, to assist 
in determining and understanding the 
origin and distribution of natural hydro-
carbon gas in the Karoo. ■
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F I G U R E  B 1 4 . 2 .
Established seedlings in the glasshouse, set up for the photosyn-
thetic effi ciency experiment.

F I G U R E  B 1 4 . 3 . 

Plant Effi ciency Analyser - Equipment (right) used to test photosyn-
thetic effi ciency.

A single application treatment of 
plants with fracking fl uid resulted in 
mortality in 50% of the species with 
reduced photosynthetic effi ciency and 
growth in some of the surviving species 

F I G U R E  B 1 4 . 4 . 

(A) Euclea undulata plants at the start of the experiment and (B) after 
14 months at the end of the experiment.

AB

This implies that Grasslands in 
particular and Albany Thicket 
to a lesser degree would be 
less resilient to degradation 
from shale gas development 
than Nama-Karoo.

(Figure B14-2). Long term continual 
treatment with diluted fracking fl uids had 
an even greater effect on mortality and 
photosynthetic effi ciency than a single 
high dose. Figures B14-2 to B14-4 show 
the experimental set up in the glasshouse 
and equipment used for assessing photo-
synthetic effi ciency.

The major vegetation types of the 
proposed fracking footprint were 
surveyed and analyses of the species, 
communities and their physiognomy 
were used to predict the tolerance of 
the Karoo vegetation to degradation 
resulting from shale gas development. 

An understanding of the sensitivity of 
vegetation was obtained from impacts 
of livestock on the vegetation (See 
Figure B14.5 for example of quadrat 
set up). The difference in species rich-
ness between conserved and degraded 
vegetation was most noticeable in the 
Albany Thicket and even more so in the 
Grassland vegetation whereas species 
richness did not change much with 
degradation in the Nama-Karoo (Figure 
B14-6). This implies that Grasslands 
in particular and Albany Thicket to a 
lesser degree would be less resilient to 
degradation from shale gas develop-
ment than Nama-Karoo.
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BOX 14SPILLING FRACKING 
FLUIDS ON KAROO PLANTS

K R I S T E N  M A R T I N

F I G U R E  B  1 4 . 1 . 

The average percentage germination of treated and non-treated seeds of Vachellia karoo, Chrysocoma ciliata, Drosanthemum lique, 
Eragrostis curvula, Gazania krebsiana, Aloe ferox, and the bioassay species, Lactuca sativa (Vertical lines represent ± 1 S.E.).

collected in Camdeboo National Park, 
Bosberg Local Authority Nature Reserve 
and Mountain Zebra National Park. A 
complete species list was compiled, 
highlighting Species of Conservation 
Concern. In terms of the ecophysio-
logical studies, seeds and established 
plants of various life forms of Nama-Ka 
roo and Thicket species were treated 
with fracking fluid containing the some 
of the most commonly used fracking 
chemicals (in this case Polyacrylamide, 
Methanol, Gluteraldehyde, Ethylene 
Glycol, Acetic Acid, Petroleum distillate, 
Ethanol, Lauryl Sulfate, Hydrochloric 
Acid, salt, sand and water).

This research focused on controlled 
experiments using fracking fl uids on 
succulent and thicket vegetation of the 
Southern Karoo to assess the potential 
botanical environmental impacts of 
fracking fl uids on the local Eastern Cape 
vegetation. There are two components 
to the study – vegetation surveys 
and ecophysiological experiments. 
Although the exploration areas include 
many of the South African biomes, the 
most affected will be the Nama-Karoo 
and Thicket biomes. Study sites were 
chosen to incorporate paired plots at 
each site, one inside a reserve and one 
outside. Samples of vegetation were 

There have been limited studies on the 
effects of fracking fl uid on vegetation 
and no studies on South African 
vegetation specifi cally. The effects of 
fracking chemicals on the germination 
success and photosynthetic effi ciency 
of plants was investigated for species 
common in areas earmarked for pos-
sible future hydraulic fracturing in the 
Karoo, South Africa. 

Germination of seeds was unaffected 
by these fracking fl uids at application 
concentration in most species, but 
dwarf shrub and grass seeds were 
found to be sensitive to contamination 
(Figure B14-1). 



7 1S H A L E  G A S  R E A L I T I E S  @  K A R O O. Z A    / 

BOX 15EFFECTS OF FRACKING FLUID 
ON VEGETATION AND CROPS

D U N C A N  L I D D E L L

This project, which builds on the completed laboratory exper-
iments to determine hydraulic fracking effects on vegetation 
under controlled conditions (Box 14), expands into on-site 
fi eld conditions in the Karoo. The primary aim is to investigate 
the effects of fracking fl uids on vegetation and crops used 
within the Karoo where early shale gas exploration may well 
initiate should it be given rights to do so. The experimentation 
will determine how different concentrations and frequency of 
exposure to fracking fl uids may affect the vegetation across an 
area akin to that of a typical fracking site, where the effects on 
the wider environment of vegetation and soils are not properly 
understood due to a lack of scientifi c studies. A secondary aim 
is determining the difference between conducting this type of 
study in the greenhouse and natural Karoo conditions.

The study site is located between Cradock and Tarkastad along 
the R 61 (Figure B15.1). Sites were selected at random within 
the different vegetation units on the research land. The species 
are cross-referenced with the SANBI Red list of South African 
Plants (SANBI, 2017), and species that are dominant or have 
a threatened or greater status are categorized as species of 
concern. The latter, along with selected crops will be grown in 
glasshouses on the campus of Nelson Mandela University. 

F I G U R E  B 1 5 . 1 . 

Left -Map showing the different vegetation units in and around the 
study region located between Cradock and Tarkastad along the R 
61. Right - Typical thorn bush Vachellia karroo (Mimosacea family). 
(Bottom) Typical Roadscape/landscape of the study region.

This will be set up to allow crop species to grow beyond seed-
ling stage before the exposure to fracking fl uids starts. 

Following the campus set up, the farm will be set up for the 
experiment as well. Since it has been argued that the operation 
of fracking has potential serious threats to water supplies (EU, 
2011; IEA, 2011), specifi cally through fl owback water, with risk 
of pollution from spillages or leaks in the storage devices, a 
hectare of land will be fenced off to prevent animal disturbance 
of the site, and then split into 4 equal plots of 25x25m, to facili-
tate four different types of treatment with fl uids. The treatments 
will consist of a pure water application (control), 50% fracking 
fl uid diluted with water (diluted), 100% pure fracking fl uid one 
application (concentrated once off) and 100% pure fracking 
fl uid 3-4 applications (Concentrated repeated). The sites will be 
marked and the fl uids for each area will be applied appropriately 
at 50-150 litres per square meter. 

The campus vegetation will be monitored twice a month and 
the farm will be visited once a month for 12 months, recording 
photosynthetic effi ciency, plant height, photos to access plant 
condition and soil coring. Plant will then be harvested to collect 
root and shoot biomass. n
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Great Fish Thicket vegetation in conserved 
(Right) and degraded (Left) areas (white 
tape demarcates the 25 m2 quadrat).

The results indicated that Grassland communities are least tol-
erant to degradation, Albany Thicket communities more tolerant 
and Nama-Karoo communities most tolerant. 

This is the first study to show that germination of Karoo species 
is not likely to be affected by contamination by fracking fluids 
and to provide an empirical assessment of stress in plants 
contaminated with fracking fluids. This study indicates how the 
various vegetation communities in the fracking footprint may 
respond to further degradation due to fracking. A predicted level 
of risk is assigned to each biome (i.e. Grassland high risk, Albany 
Thicket lower risk and Nama-Karoo lowest risk) based on the 
findings of this laboratory research.

F I G U R E  B 1 4 - 6 . 

(Below) Differences in species richness between conserved 
and degraded vegetation (Vertical lines represent ± 1 S.D.).

n
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Typical Karoo surface freshwater 
bodies; and (bottom right) collecting 
biological and physicochemical data in 
Karoo surface freshwater body.

Algae - Diatoms 

pling for baseline inventory of the freshwater invertebrates were conducted 
over different seasons (2014-2016). 9 dams, 13 depression wetlands and 11 
rivers were tested. The physio-chemical and micro-algal data with identi-
fi cation to species level still ongoing in collaboration with world taxonomic 
experts. Of special interest so far are two branchiopod species, Streptocepha-
lus spinicaudatus and Streptocephalus indistinctus, represent new distribution 
records for the region. Tarkastad is now the westernmost distribution point for 
the former species, while Jansenville now constitutes the southernmost point 
of the range for the latter species.

Diatoms are unicellular microalgae, and are among the most common types of 
phytoplankton. Diatoms are used successfully as bio-monitoring organisms in freshwater 
environments worldwide to determine water quality of water bodies. A Novel early 
warning monitoring tool for surface and groundwater contamination has been designed 
using diatoms is also being tested. In the Karoo new qualitative and quantitative data 
on diatom community composition with a baseline from which to predict relatively rapid 
changes in water contamination and act as an early warning system.
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BOX 16FRESHWATER INVERTEBRATE 
ASSEMBLAGES

A N N A H  M A B I D I

It is vital to have information on 
the baseline conditions and natural 
variability of ecosystems (Ford, 1989). 
This is necessary for future reference 
data against environmental change 
in lesser-studied areas, such as the 
Eastern Cape Karoo (Mabidi et al., 
2017a). To protect aquatic ecosys-
tems, there is a need to evaluate 
potential stress effects on ecosystems 
before actual, unacceptable ecosys-
tem degradation occurs (Ford 1989). 
This study focused on invertebrates 
because they are excellent candidates 
as indicators of the environmental 
impacts that may be associated with 
hydraulic fracturing activities, given 
their use as biological indicators 
of other human impacts in various 
freshwater environments (Hodkinson 
and Jackson, 2005; Feld and Hering, 
2007). Monitoring of the wetlands is 
important to identify taxa and the sites 
which would be the most informative 
to monitor environmental degradation 
(Mabidi et al. 2017b). Also, should 
hydraulic fracturing for shale gas 

occur, any shift or change in diversity 
will be readily identified and appropriate 
remediation measures could be taken. 

The Eastern Cape Karoo region is 
semi-arid with highly variable rainfall. This 
variability in rainfall sustains a mosaic 
of surface freshwater bodies that range 
from permanently to temporarily inun-
dated (Figure 16.1). These waterbodies 
provide habitats for diverse invertebrate 
assemblages (Mabidi et al., 2016; 2017b). 
Aquatic invertebrates are particularly re-
sponsive to environmental change (Ford, 
1989; Uys, 1997). 

The imminent hydraulic fracturing for 
shale gas has a potential to modify the 
water regime, with risk of salinisation. 
This is a major concern for the region’s 
freshwater systems, which are already 
eutrophic in terms of national phospho-
rus interpretation guidelines because 
salinity-induced phosphorus mobilisation 
may occur, posing further enrichment 
risks (Mabidi et al., 2017a).. Accumu-
lation of salts in freshwater wetlands 
results in loss of biodiversity, as inverte-

brate species shift from salt intolerant 
to salt tolerant species (Mabidi et al., 
2018). High salinities are also a limiting 
factor for invertebrate prop- agule 
hatching and survival in temporary 
wetlands (Cancela da Fonseca et al., 
2008; Waterkeyn et al., 2008; Mabidi et 
al., 2018). Thus, increasing salinity in 
semi-arid Eastern Cape Karoo would 
likely lead to a decrease in abundance 
and taxa richness of large branchiopod 
crustaceans. This has implications in 
the ecological balance and function of 
these ecosystems. This information 
is particularly relevant for the region, 
considering the impending climate- or 
human-induced changes. Thus, it can 
be used to inform future developments 
in the region, while promoting the 
conservation and sustainability of its 
natural resources.

Patterns of invertebrate assemblage 
composition and diversity to local or 
regional environmental variables and 
processes among different surface 
freshwater wetlands (depressions, 
dams and rivers) were studied. Sam-

Changing patterns of aquatic 
invertebrates, diatoms, and soil 
insects as early warning systems
Aquatic invertebrate species

Investigates patterns of richness and diversity in surface freshwater wetlands 
(depressions, dams and rivers) of the Eastern Cape Karoo. It involves the documentation 
of existing invertebrate species and determination of their relative abundance and 
distribution. As the Karoo is one of the few major basins in the world where the natural 
baseline is still intact, the ongoing biodiversity census of aquatic invertebrates will form 
the basis for future reference and surface water quality monitoring.
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Typical Karoo borehole water site with 
reservoir in the Middelburg district

from once a day to once every few 
weeks (species dependant) (Spaulding, 
2015). These factors, and more, make 
them good bio-indicators (Cairns et al., 
1993). Diatoms have been successfully 
used, worldwide, to infer the quality of 
the water in which they were found and 
they form part of all water quality moni-
toring in the Water Framework Directive 
of the European Union (Casco et al., 
2018). Although diatoms now form part 
of the Department of Water and Sanita-
tion (2016) National Aquatic Ecosystem 
Health Monitoring Programme there is 
still work that needs to be done on their 
ecology in South Africa. This project will 
add to database. 

Chemical analysis of the water only 
gives the result of the particular 
parameter/s which was tested for. If the 
correct parameter/s for testing is not 
chosen, the result could be ineffectual. 
Chemical analysis, which is costly, 

does not take the synergistic effect of 
the various parameters into account. 
The toxicity of certain trace metals, for 
example, is pH dependent (Wright et al., 
2007). While the combined effect is not 
visible in chemical analysis, it can be 
seen in the aquatic community. Diatoms, 
as permanent residents in the water 
body, will reveal these types of impacts. 
The main drivers of diatoms species 
composition in surface water in South 
Africa has been found to be pH, Electrical 
Conductivity (EC) and NO3 - (nitrate) and 
PO4 -3 (phosphate) (Bate et al., 2004; 
De la Rey et al., 2004; De la Rey, 2007; 
Holmes and Taylor, 2015; Taylor, 2004; 
Walsh, 2008). Diatom deformities are 
often a sign of environmental stress 
(Falasco et al., 2009). Ongoing interna-
tional research is attempting to establish 
a relationship between certain types of 
deformities and stressors such as metals 
(Lavoie et al., 2018; Morin et al., 2012) 
and herbicides (Larras et al., 2016). This, 
in the future, in itself could be used as 
an indicator without the knowledge of 
diatom taxonomy. 

Ongoing fi eld experiment will test the 
theory. Contaminants that are being 
tested include those associated with 
the Shale Gas Development industry; 
fracking fl uid, diesel; blackwater 
(sewage) and a saline brine (EC around 
60 000μS/cm to mimic produced 
water). The diatom recovery potential 
will be monitored once the contamina-
tion experiment has run its course. 
This information could be an invaluable 
part of any remediation plan. 

Diatom samples and water for chemical 
analysis were taken simultaneously 
during the fi eldwork part of the study 
from October 2015 to December 2017. 
An attempt was made to collect 3 
samples, at 6 monthly intervals, from 
each site. 

Diatoms, as permanent 
residents in the water body, will 
reveal these types of impacts. 
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BOX 17EARLY WARNING GUARDS OF 
POLLUTION IN WATER WELLS

M A R I O N  H O L M E S

F I G U R E  B 1 7 . 1 . 

Image of the side view of a diatom (left) 
and of the valve view of a pennate diatom 
(right), under scanning electron microsco-
py (from Taylor and Cocquyt (2016).

A novel early warning monitoring tool for 
surface and groundwater contamination 
has been designed using diatoms is 
being tested in the Eastern Karoo. 

Farmers utilise the underground water 
which is usually pumped (via windmill, 
solar or mono-pump) into a reservoir for 
storage. Many of these reservoirs, often 
situated near the borehole, are open 
on top (Figure 17.2). As such they will 
contain a variety of different types of 
algae in them.

This study takes new qualitative and quan-
titative data on diatom community com-
position to determine a baseline for each 
water body from which to predict relatively 
rapid changes in water contamination and 
act as an early warning system. 

Diatoms are an important part of 
the phytoplankton, in any aquatic 
system, forming the base of the food 
chain. These autotrophic unicellular 
organisms are unique in that their cells 
walls (frustules) are siliceous (hydrated 
silicon dioxide) (Taylor and Cocquyt, 
2016). Requiring light and the nutrients 
in the water, they will grow on any 
submerged surface. The transparent 
glass cell wall prevents the cell from 

decaying once the diatom has died which 
has allowed them to be used for pa-
leo-limnological studies and past climate 
inference (Gordon et al., 2012). Each cell 
(2μm to 500μm in size) consists of two 
halves (theca) that fit together similar to 
a petri dish. These halves (called valves) 
contain ornamentation that is species 
specific allowing for classification to 
using their unique morphological charac-
teristics (Figure 17.1).

The inhabitants (human and animal) 
of the semi-arid Karoo are, to a large 
degree, reliant on underground water. 
Springs/fountains and depressions are 
the surface water component in large 
parts of the area and can be intermit-
tent or perennial. 

Many diatom species have known envi-
ronmental preferences which are quan-
tifiable (Bere and Tundisi, 2011, Taylor, 
2004). Diatoms are not able to move 
out of their environment and respond 
rapidly to changes in that environment. 
Tolerant species will thrive while sensi-
tive species will decline (Pandey et al., 
2017) during reproduction which varies 

Many diatom species have 
known environmental 
preferences which are 
quantifiable

The inhabitants (human and 
animal) of the semi-arid 
Karoo are, to a large degree, 
reliant on underground water. 
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BOX 18TRACKING TERMITE MOUNDS  
TO DETECT SOIL  POLLUTION

L I Z A L I S E  M N G C E L E

Spatial patterns are found in a vast 
range of scales and ratios in nature, 
from shell patterns, animal coats to 
spatial distributions of biostructures 
engineered by social insects in 
ecosystems (Theraulaz et al., 2017). 
Better knowledge of the emergence of 
these spatial patterns is hoped to bring 
science closer to the understanding 
of natural earth systems. Actions 
performed by social insects result in the 
emergence of spatiotemporal patterns. 
These patterns can spread over large 
areas creating complex networks, 
especially underground (Theraulaz et 
al., 2003). Being able to document the 
variations in these spatial patterns 
could reveal effects of either short or 
long-term stress events on ecosystems, 
enabling scientists to counter unantic-
ipated catastrophes and predict future 
variations. Environmental scientists and 
ecologists have devised cost effective 
applications to assist in ecosystem 
monitoring in order to recognise these 
spatial variations. The use of indicator 

F I G U R E  B 1 8 . 1 

Hotspots of plant growth. Height above 
ground 14.5 m. (AEON Drone image).

species (IS) as a proxy has been among 
the frequently used ecosystem monitoring 
techniques ; “living organisms that are 
easily monitored and whose status re-
flects or predicts the conditions of the en-
vironment, which they are found ” (Siddig 
et al., 2016) IS are not only cost effective 
but also provide a time efficient manner of 
monitoring the environmental disturbances 
of an ecosystem and can be of great assis-
tance to government and conservationists 
(Carignan and Villard, 2002).

Social insects, in particularly termites, 
are drivers of spatial heterogeneity 
transporting soil nutrients both vertically 
and horizontally. They fall within the pe-
rimeters of indicator species. On sloping 
substrates in semiarid ecosystems, 
their densities tend to be correlated with 
banded vegetation in both space and time 
inducing spatiotemporal patterns (Pringle 
and Tarnita, 2017).

The mounds increase the heterogeneity 
of the ecosystem by providing spatially 
patterned hotspots at different scales for 

plant growth and foraging activity for 
organisms (Figure B18.1). 

The spatial distribution patterns of 
termite mounts are regularly spaced 
due to intraspecific compe tition 
among neighbouring colonies (Pringle 
and Tarnita, 2017). This in turn allows 
for an increased number of organisms 
in an ecosystem compared to areas 
where the soils are less fertile (Davies 
et al., 2014). In semi-arid regions due 
to plant competition for water, bare 
patches develop on the ground but 
there are always high concentration 
of plants around termite mounds 
(hotspots) due to their fertility and 
water retaining ability. 

Termite ecosystem engineering abilities 
assist in preventing soil erosion by 
negating water from running off. 
Termites achieve this by improving 
the surrounding soil’s porosity when 
foraging for food. This in turn allows the 
rainwater to penetrate below surface, 
improving plant growth and other or-
ganisms. When a termite mound erodes 
overtime it’s soil material is added to 
the surrounding top soil, which can 
alter significantly the physical proper-
ties(hydrology) and geochemistry of the 
topsoil (Pomeroy, 2017).

Social insects, in particularly 
termites, are drivers of spatial 
heterogeneity transporting 
soil nutrients both vertically 
and horizontally. 

n
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Termite mound distributions in the South 
Eastern Karoo. Can changes in the spatial 
distribution of termite mounds be detected 
after chemical changes in the subsurface 
soils due to fracking fluid spills?

Detecting fracking 
fl uid spills across 
the Critical Zone

This would allow for determination of a 
seasonal as well as annual variation in 
the diatom community within a specifi c 
reservoir. The fi rst sampling yielded 120 
boreholes and 21 fountain sites; the 
second 116 of the original boreholes 
and 15 of the fountain while the third 
yielded 110 borehole samples and 13 
fountain samples. The data collected 
will form the backbone of the diatom 
baseline for underground and surface 
water in the eastern Karoo. 

Physio-chemical analysis of the water 
and identifi cation and enumeration of the 
diatoms to species level is ongoing. Once 
the diatom component has been complet-
ed, the resulting community composition 
will be compared to the physio-chemical 
analysis allowing for the identifi cation 
of indicator groups. Should there be a 
drastic change in the species composi-
tion of an indicator group in a particular 
reservoir, it can then be recommended to 
the landowner that chemical analysis of 

the water be conducted. This is not in-
tended to replace the chemical analysis 
but instead be a complementary water 
quality monitoring tool. 

Of interest so far has been the identi-
fi cation to genus level of two diatoms 
which are known to usually be marine, 
but have been found in waters of high 
EC (USA and China) namely Chaetocer-
os and Entomoneis.

Termites act as ecosystem engineers. 
Foraging termites concentrate plant 
material in mounds, where it is processed 
into soil-enriching nitrogen, phosphorus, 
and carbon, which form part of nutrient 
cycling and subsequently encourage 
plant growth (Pomeroy, 1977). Moreover, 
mounds promote water retention in soil 
and safeguard vegetation against severe 
climate change. Termite mounds as 
indicator species are highly responsive 
to changes in their environment, and 

because of this are expected to react to 
external pollution such as those fracking 
fluids may induce (Ahmed et al.2017). 
Termite populations are aggregated 
across large tracks of both natural 
regions and farmlands of the Karoo 
(Figure 23). They behave as perfect 
spatial baseline systems. 

The role of soil in the environment is often 
underestimated, most likely due to a lack 
of understanding of how soil processes 
influence the environment. In South Africa, 
digital soil mapping (DSM) methods have 
rarely been utilized, and a need for large 
scope DSM research in local geographical 
settings remains. Here we focus focuses 

on how to characterise and classify the 
soil and termite mounds distribution in the 
South Eastern Karoo basin of South Africa, 
using satellite and drone remote sensing 
and GIS, and how these patterns might 
change in response to fracking fluids.

n
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BOX 19THE AARDVARK:  AN ECOSYSTEM 
ENGINEER VULNERABLE TO CHANGES

S T E P H A N I E  M A R T I N

The aardvark, Orycteropus afer, 
(Figure B19.1) is known to play a role 
in biopedturbation through digging 
for refuges and for prey, and as a 
consequence of these digging activities 
is anticipated to serve the role of an 
ecosystem engineer and keystone 
species. However, the aardvark has 
also been identifi ed as a species to be 
of particular risk from potential shale 
gas exploration and extraction in dustry 
through, for example, indirect effects 
of habitat disturbance, road use (espe-
cially at night) and illegal hunting. Given 

The landscape pattern (dig abundance 
and distribution) and soil displacement 
of aardvark forage (shallow digs to 
about 1 m depth) and refuge (extensive 
digs that may be many metres long) 
digs in the semi-arid Karoo landscape, 
as well as the ecological processes 
(generating fertile, seed retention 
hotspots) driven by aardvark forage 
digs were measured. The trial study 

F I G U R E  B 1 9 . 1

The aardvark Orycteropus afer is a highly 
specialised species that feeds on ants and 
termites, digging for these with its well-de-
veloped claws. The aardvark is also one of 
Africa’s most conservation-worthy species 
as it represents the only species within 
its Order; surprisingly, its closest relatives 
include the elephant, the dugong and the 
golden mole.

their expected role as such a keystone 
species, the predicted decline or loss of 
aardvark and their digging activities would 
result in cascading effects in the Critical 
Zone at local scales and especially 
biological refuges for other animals and 
plant germination hotspots. However, 
there is virtually no spatially explicit 
information on the role of the aardvark on 
the landscape, necessitating a baseline 
study describing and quantifying the 
ecological patterns and processes driven 
by aardvark through their digging, within 
the Karoo.

was undertaken on Samara Private 
Game Reserve, ca. 30 km southeast 
of Graaff-Reinet. Located at the edge 
of the escarpment, Samara provides a 
range of habitats including Karoo plains, 
the escarpment slopes and montane 
grassland plateaux. Aardvark digging was 
quantifi ed within the major habitats and 
across the catena from the crest of the 
escarpment to the drainage lines in the 

However, the aardvark has 
also been identified as a 
species to be of particular 
risk from potential shale gas 
exploration and extraction
industry through, for 
example, indirect effects 
of habitat disturbance, 
road use (especially at night) 
and illegal hunting. 
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Schematic diagram showing the architecture of a termite mound 
(modified after Pennisi, 2015). Mound average heights extend to 
between 0.5 to 1m, while basal diameters are around 2.5 to 4m 
(Smith and Yeaton, 1998,Davies et al., 2014). Termite mounds in 
the south-eastern Karoo extend to depths of about 13-20m below 
ground-level in order to access the shallow water tables (Stroebel et 
al., 2018, Woodford et al., 2013, Van Tonder, 2012).While foraging, 

Termite mounds thus provide an insur-
ance policy against climate change, 
protecting the vegetation around them 
from water scarcity. Epigeous mounds 
are dependent on water to maintain a 
humid atmosphere within. In semi-arid 
and subtropics, termites drill down 
to water tables in order to access the 
water needed to maintain humidity in 
their nests and indeed, in some instanc-
es termite mounds have been used as a 
proxy to identify underground water. 

The humid conditions are necessary for 
the fungi that is cultivated inside the 
mound and to maintain the moist on the 
body of workers. This combined with the 
foraging activities make termite mounds, 
moist nutrient islands favourable com-
pared to the surrounding soils (Pennisi, 
2015). These are micro-sites then where 
macro-scale processes are regulated. 

A multifaceted study focused on how to 
characterise and classify soils and termite 
mound distributions in the Karoo is 
ongoing, using satellite and drone remote 
sensing, GIS and spatial statistics. By 
modelling interaction between soil, mound 
densities and vegetation, spatial planning 
of the landscape influ enced by termite 
activity can be determined. This work 
aims to classify soils and quantify the 
sphere of influence around mounds and 
ranged these findings up to the landscape 

level, thereby uncovering how the overall 
influence of mounds on ecological pro-
cesses varies across Karoo. Nitrogen 
(N), phosphorus (P) and organic matter 
(OM) concentrations are being mea-
sured on and around termite mounds; 
along measured transects away from 
mounds in order to calculate the spatial 
influence of termite mounds). Field-
based results are now being up-scaled 
to determine the percentage of the 
landscape influenced by termite activity, 
by modelling the interaction between, 
soil, vegetation and mound densities, 
estimated from airborne Light Detection 
and Ranging (LiDAR. Once completed, 
this pre-drilling spatial data can be 
used to determine the effects, if any, by 
HVHF; indeed such effects will also be 
quantified by artificially contaminating 
areas with franking fluids.

termites will bring dead plant matter and other organic waste materi-
als into the mound. The fungi contained inside the mound will break 
it down to soil enriching nutrients like nitrogen and phosphorous 
allowing for plant growth and animals to flourish. During foraging, the 
termites make the soil more porous increasing filtration rates of the 
surrounding soils. They modify the soil content to a desirable cast for 
constructing their mounds.

Termite mounds thus provide 
an insurance policy against 
climate change, protecting 
the vegetation around them 
from water scarcity.
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HISTORICAL CHANGES IN LARGE 
MAMMAL SPECIES RICHNESS

S O P H I E  M O N S A R R A T

South Africa supports a particularly rich diversity of large mammals, and these 
species are potentially vulnerable to human industrial impacts such as will likely 
be associated with shale gas extraction. There have been historical impacts 
on these species, leading to local declines and even local extinctions across 
the Karoo (Boshoff et al., 2016). Shale gas extraction activities may potentially 
contribute to these declines. It is therefore critical to document the historical 
baselines of the occurrence of large mammals in the areas identified for shale 
gas extraction and how these have changed over time. 

Historical records provide invaluable insights into the occurrence of species of 
interest, and the large mammals feature prominently in the written accounts 
(diaries, books, correspondence and other records) left by early explorers and 
naturalists. There are some biases in these records (Monsarrat et al., 2018a,b), 
but this does not preclude the use of these records for constructing historical 
distribution patterns. 

4,775 occurrence records for 28 large mammal species over the period 1439-
1920 were used to model the species richness of these species across South 
Africa, with the historical extent of occurrence reconstructed using Inverse Dis-
tance Weighting interpolation, using 1700 has a baseline date (Figure 20.1). The 
data of local extinction were modelled using the spat Extinct package (Carlson et 
al., 2018), and summarised these patterns for the following dates – 1750, 1800, 
1850 and today. We overlaid the baseline areas identified for possible shale gas 
extraction over these patterns 

These data show the patterns of species richness (for these 28 species) across 
South Africa and their local declines over time (Figure B20.1). The situation in 
1700 indicates that the baseline area historically supported a particularly high 
richness of large mammals. This area shows high levels of local extinctions of 
large mammals starting in the early 1800s. Clearly then it must be recognised 
that the area targeted for potential shale gas extraction has already experienced 
major impacts in terms of the local extinction of these large mammals.

It is also important to recognise that the baseline area has the potential for the 
restoration of many of these species of large mammals, which are increasingly 
in need of conservation, but also contributing to economic development through 
ecotourism (Maciejewski and Kerley, 2014). Understanding how shale gas 
extraction will be in conflict with large mammal conservation and ecotourism 
therefore must to be urgently explored further.

South Africa supports a 
particularly rich diversity of 
large mammals, and these 
species are potentially 
vulnerable to human 
industrial impacts such as 
will likely be associated with 
shale gas extraction.

BOX 20

F I G U R E  B 2 0

Modelled species richness of 28 species 
of large mammal across South Africa and 
Lesotho in 1700, together with modelled 
proportion of species extinction from 1750 
- present. The baseline research areas in 
the Eastern Cape are marked (3 rectangular 
blocks, see Figures 9a and 12a for their 
detailed geography).

n
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Karoo plains. Using a field experimental 
approach, the role of foraging digs in 
trapping soil, plant litter and seed was 
measured over a year, and the micro-
climate (temperature, relative humidity 
and soil moisture) and organic matter 
decomposition rates within digs were 
measured (Martin, 2017).

F I G U R E  B 1 9 . 2

Number of aardvark forage (white bars) 
and refuge (grey bars) digs per hectare 
(ha), distributed across (a) elevation 
categories (b) habitat types (ordered from 
lowest elevation to highest elevation).

Aardvark digs occurred at high densities 
(up to 135 digs/ha) and varied across 
habitats (Figure B19.2). Refuge digs 
occurred in the highest densities in 
relatively restricted areas characterised 
by a deep soil, taller vegetation and low 
elevation, while forage digs occurred in 
high abundance across the habitats, and 
were likely driven by prey availability. The 
amount of soil movement brought about 
by this digging was considerable (up to 
about 16 m3/h ). Forage digs served as 
litter (average = 12.3 g/dig/year), soil 
(325.1 g/dig/year) and seed (639 seeds/
dig/year) traps, selectively trapping 
grass seeds. Decomposition rates of 
litter within digs were accelerated, 
reflecting increased soil moisture in 
digs. This study thus demonstrated that 
the functional processes (i.e. resource 

capture, shelter for plants and animals, 
germination sites, soil aeration, organic 
turnover, mineralization rates, fertile 
soil displacement and transport) driven 
by aardvark digs are clear evidence of 
the keystone species role of aardvark, 
and that they therefore serve as eco-
system engineers. This baseline work 
provides a first benchmark against 
which any future changes in the role of 
mammals and especially aardvark can 
be assessed.

This study thus demonstrated 
that the functional processes 
driven by aardvark digs are 
clear evidence of the keystone 
species role of aardvark, and 
that they therefore serve as 
ecosystem engineers. 
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BOX 21
SOCIO-ECONOMICS IMPACTS AND THE 
POLITICS OF SHALE GAS
B A R R Y  M O R K E L

The proposal to explore, and potentially 
exploit, SG resources in South Africa’s 
Karoo basin remains controversial and 
contested by numerous groupings and 
formations of interested and affected 
communities located in and outside of 
the Karoo (de Wit, 2011; Morkel and de 
Wit, 2018). Touted as a Game Changer 
by the South African government 
(Presidency, 2014), amidst reports of 
its contribution to US energy security, 
cheaper energy, economic benefi ts, and 
SGs initial broader appeal as a  cleaner 
burning fossil fuel with a reduced 
carbon footprint compared to coal 
as an input in electricity generation. 
This provides a background towards 
imagining SGD in South Africa, and 
in trying to understand the political 
economy of SGD at a global scale. 
This development has presented 
both new opportunities and a unique 
set of challenges for policy makers 
and ordinary citizens (Jacquet, 2009;  
Considine et al., 2010; de Wit, 2011; 
Savacool, 2014; EIA, 2018; Tincher, 
2015; Bilgen and Sarikaya, 2016; 
Gamper-Rabindran, 2018). 

In addressing the primary objective of 
exploring the potential socio-economic 
and community effects of SGD on 
receiving communities in the Karoo 
Basin, this study applies the Boomtown 

Impact Model (BIM) [i.e. Boomtown 
literature], specifi cally as proposed in 
the work of Jacquet and Kay (2014) 
to wards an Upgraded Impact Model 
for studying new unconventional 
boomtowns affected by SGD in the 
USA. Whilst this provides a basis 
and a framework for understanding 
the regional and localised social and 
economic impacts in responding to 
the call for an updating of the impact 
model in response to more recent SGD, 
the study further incorporates a Scalar 
theory of Political Economy (Jessop, 
2000).  This allows for a widening of 
our analysis of the SGD process in 
South Africa, through extending our 
thinking of the process, its associated 
drivers, triggers, impacts, and related 
discourses in the unfolding of the 
process. Retaining the state and 
its assemblages as triggering and 
regulating the process, the study further 
relies on Bob Jessop’s work by utilising 
his Strategic Relational Approach (SRA) 
in locating state capabilities, biases 
and their interplay in such programmes 
(Jessop, 1982, Jessop, 1990). 

Using a mixed methods approach, 
by incorporating both qualitative and 
quantitative methods [household 
survey], the study has conducted 
discussions with focus groups and 

one-on-one interviews with key 
informants, within and outside of the 
Karoo. Whilst this fi eldwork is still 
ongoing, Table B21.1 below does 
capture details of fi eldwork already 
completed. These include focus 
groups and interviews with farmers, 
community based structures, farm 
workers, anti-fracking activists, and 
ordinary people across the study 
area (i.e. Pearson, Jansenville, and 
Cradock), as well as interviews 
with Industry representatives and 
government offi cials. In addition, fi eld 
observations have been made during 
numerous  public gatherings, public 
hearings pertaining to SGD in the Karoo 

F I G U R E  B 2 1 . 1 . 

Left - Attendees look on as Cradock 
Youth engage with Mineral Resources 
Minister, Members of the Parliamentary 
Portfolio Committee, and District and 
Local Councillors, and offi cials from 
the Department, PASA, SACGS, during 
the Cradock Shale Gas Roadshow in 
Lingelihle, January 2016. Right - Eastern 
Cape Premier Hon. Phumulo Masualle 
[at the Podium] addressing the Eastern 
Cape Provincial Shale Gas Imbizo, along 
with [seated L-R] the HOD and MEC for 
the Dept. of Economic Development, 
Environmental Affairs and Tourism 
(DEDEAT), as well as Executive Mayor for 
Camdeboo Municipality in attendance, 
in Graaff-Reinet Town Hall 10th October 
2014.
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PEOPLE
While there are many promising strands of participatory science, the most 
popular varieties, citizen science and sustainability science inadequately challenge 
existing knowledge hierarchies, which typically delegitimize contributions by 
non-scientists’ to knowledge and practice, and fail to address broader political-
economic dynamics that impinge on more just forms of environmental knowledge 
production and governance.

Trust Building through active engagement
An important goal of the Karoo baseline studies therefore is to provide a new framework model 
for participatory science that advances a more democratic and transformative socioecological 
practice that is explicitly committed to combating marginalization and inequality.

Drone image of a typical group of AEON scientists meeting with local communities to initiate  Citizen Science programmes in Cradock
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CATEGORY COHORT / PARTICIPATORY PROCESS INTERVIEWS TOWNS

FOCUS GROUPS
Commercial Agricultural Unions/Associations 3 [FG] Jansenville, Cradock, 

Pearston

Community Based structures 2 [FG] Pearston and Cradock

INTERVIEWS

Anti-Fracking activist 1 Port Elizabeth

Oil and Gas Industry Representatives 2 Port Elizabeth, Cape Town 
[T]

National Government Departments/Agencies 1 Pretoria

Seasonal Farm labourers [M] x2 / Community elder x1 [F] 3 Jansenville, Waterford

OBSERVATIONS PROCESSES/SITE VISITS SITES LOCATIONS

Field Observations and visits to Marcellus SG well localities. 3 Pennsylvania, USA 

Field visit with Marcellus Based NGOs: The SE Community Health 
Network 1 Washington, Pennsylvania

Statutory SG Public Consultation Processes (Public Hearings) and 
Open-Days attended (on company EMPs) 3 Jansenville, Pearston, 

Beaufort West

Observations and field visits [and site tour by landowners] to former 
SOEKOR drill/exploration site. 2 Klipplaat

National Shale Gas Strategic Environmental Assessment (SEA) Public 
meeting [Eastern Cape] 1 Graaff-Reinet

Government SG imbizos [Community meetings] 2 Cradock [N] and Graaff-
Reinet [P]

Cradock Community Shale Gas Round Table 3 Lingelihle, Cradock

‘irreversibility’ as a land use form 
which  creates more permanently 
securitised and sealed-off pockets of 
consolidated land in the countryside. 
These transformations increase the 
erosion of farm workers/dwellers’ 
embedded social histories and 
cultural imprint as a labouring 
class on the landscape. Game farm 
conversions and the land question: 
Unpacking present contradictions 
and historical continuities in farm 
dwellers’ tenure insecurity in 
Cradock(Mkhize, 2014. Thirdly, the 

sustained impact of governance 
challenges (including state 
capabilities) located in the current 
narrative of state capture and poor 
service delivery in South Africa 
(PARI, 2017). All the while, across the 
country and in the Karoo, state and 
society are having to contend with 
the complexities and contradictions 
of sustainable development, 
mitigating social vulnerability, 
poverty and inequality in a context 
of neo-liberal globalization and the 
dominance of the mineral industrial 

complex in our economy (Satgar, 
2014). Furthermore, given mining’s 
environmental and social legacy 
in SA, there is ample evidence that 
much of its economic benefits are 
exported to the national economy 
and mine  shareholders, with most 
of its externality costs transferred to 
the local environment (Evans, 2014; 
Chamberlain, 2015; Rajak, 2016; 
Bolt and Rajak, 2016; Benchmarks 
Foundation, 2017; AGSA, 2009).

To date, much of the research 
on socio-economic impacts has 
focussed largely on issues such 
as: capacity of public authorities to 
mitigate the potentially disruptive 
effects of anticipated influx; 
increased trucking, environmental 
and water resources; social fabric 
and ‘sense of place’, amongst 
other poten tial impacts (SEA, 
2016a,b; ASSAf, 2016; Glazewski 

and Esterhuyse, 2016; Esterhuyse 
et al, 2018). Additionally, the work 
on economic impacts, especially 
in relation to employment and 
anticipated revenue from SG has 
received much attention. However, 
much of this research has dislodged 
the initial optimism reported in 
earlier estimations (Econometrix, 
2012), producing more conservative 
findings  on the projected impact 

of the industry emanating from a 
number of peer-reviewed studies, 
which substantially reduced SG’s 
anticipated economic benefits 
(Wait and Rossouw, 2014; SEA, 
2016a,b; ASSAf,  2016; Fakir, 2015; 
Fakir and Davies, 2016). Similarly, a 
more recent geological study by a 
consortium of academic and state 
agencies has drawn into question the 
viability of the resource in the Karoo 

[T]=Telephonic; [N]=National Government process; [P]=Provincial Government process; [F]=Female; [M]=Male; [FG]=Focus Groups
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(Figures B21.1 and 2; Table B21.1), as 
well as in the course of an opportunity 
to visit various SG localities in the 
Marcellus shale region in Pennsylvania 
[Pittsburgh, Washington, Clearfi eld, and 
Pennfi eld]. 

 Lastly, the purpose of acquiring 
survey data is to gauge the level of 
public awareness, participation and 
perceptions of SGD in the three Karoo 
towns, through use of quantifi able data 
in the Karoo. Whilst this has not yet 
commenced, it signifi cant and timely. 
In addition, it is important to mention 
that this project, as part of the larger 
Karoo Baseline Research Programme, 
has engaged with approximately 
2300 different residents in the Karoo. 
These include engagements with 
religious and faith based structures, 
local authorities and their various 
stakeholder fora, youth formations, 
scholars and educators, farmers and 
landowners, public offi ce bearers 
and offi  cials across all spheres of 
government, including civic structures, 
during the course of the last 3 years. 
The SGD process in the Karoo is 
unfolding within a broader process of 
energy planning and decision- making 
for the country. Whilst guided by the 
Integrated Resource Plan (IRP), which 
identifi es a  mixed energy, utilization 
plan for the country, there is a push for 

expanded renewable power generation. 
Additionally, the process is unfolding 
amidst three equally contentious 
and concurrent social processes, all 
of which are yet unresolved. Largely 
silent in the existing analysis of SGD 
in the Karoo, these are; policy changes 
in the mining and mineral extraction 
sector (Cohen, 2014; DMR, 2017); the 
unresolved Land Question (National 
Assembly, 2018; High Level Panel, 
2017; Smith, 2018). In terms, the land 
question in the Karoo, Mkhize’s work 
on the implications of recent shifts in 
land use, and land acquisition patterns 
in the Karoo, is signifi cant to this study 
(Mkhize, 2014) located in the Eastern 
Cape  Karoo. 

It argues that consequences of farm 
conversions for farm workers/dwellers’ 
tenure security must be understood 
within the context of regional land and 
labour histories. Its main contention 
with existing positions that ‘blame’ 
farm conversions for increased 
evictions and an effl ux of workers/
dwell ers from farms is that there is 
a correlative rather than causative 
relationship between farm conversions 
and farm worker/dweller displacements 
in the semi-arid areas. It argues that 
the extreme nature of the historical land 
question and the continued dominance 
of a historically white land-owning 

class in the semi-arid areas render 
farm workers/dwellers structurally 
vulnerable to having their residential 
arrangements on farms terminated 
at any given moment. Drawing on 
fi eldwork conducted in Cradock  
between 2009 and 2011, the article 
shows that game farm conversions 
tend to perpetuate existing land and 
power relations on farms as they have 
prevailed over time. However, it also 
argues that the distinctiveness of game 
farm conversions lies in their near 

F I G U R E  B 2 1 . 2 . 

The researcher with participants and 
stakeholders from different Karoo localities. 

(A) Researcher with Local elder, village of 
Waterford. 

(B) Researcher being hosted by farmers 
of Camdeboo [at the Dept. of Agriculture’s 
Extension Offi ce, Graaff-Reinet]. 

(C) Working through a regional map of 
farms with Jansenville Farmers’ Association 
Executive Committee member. 

(D) In the Noorsveld, with members of 
a local agricultural cooperative after a 
meeting on the farm. 

(E) Speaking to local stakeholders and 
ordinary citizens of Klipplaat, accompanied 
by the Ward Councillor. 

(F) Meeting with Cradock new farmers, and 
agricultural coops (at the Department of 
Agriculture’s Extension Offi ce, Cradock).
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This sterilization of the voices of 
marginalized communities in the 
Karoo fails to identify the deeper and 
their identities within a historically 
defined social structure in the Karoo. 
This aligns with Edward Said’s work 
on the violence of representation and 
the power to block narratives that 
operate against the existing power 
structure emerging (Said, 1993). 

During focus groups in 2017, almost 
two years after the last round of 
public hearings, community members 
noted their dissatisfaction about how 
they were engaged in the process 
generally. Noting, that outside of the 
last public hearings, there were only 
two other meetings convened with 
the community to discuss SGD. One 
with the company X [around 2014]. 
Subsequent to this meeting another  
“company” [or group] accompanied by 
others [opposed to fracking] who only 
shared the “negative” risks associated 
with the process [emanating in 
the US]. Thereafter the community 
became a bit more  sceptical of 
fracking. One participant in the 
group made the following comment 
on reflecting on these meetings, by 
stating: 

Company X made promises in the 
ward. Company X promised that they 
will create jobs, they will hire drivers, 
and they were going to hire people to 
dig trenches. The other promise was 
that they are going to have a plant 
to refine the gas. That is what they 
Company X promised the people here. 
But there was another company or 
group [referring to another meeting], I 
am not sure of their name, who gave 
us a presentation, showing us places 
where fracking took place in America. 
They came with all the negatives. 

According to the participants this 
left them very confused, feeling 
disempowered by the process. They 
further expressed their dissatisfaction 
with the process, as expressed by 

one leader in the meeting stating: 
Consultation was not at least 
sufficient in the sense that People 
were just coming here and sort of 
spoon-feeding us only and then 
they left. We will ask questions, ask 
questions, they said they will come 
back and inform us but they did not 
come back. So we felt that this was 
confusing, Company X promised 
jobs, this one promised death! So I 
feel personally that we are not well 
informed on all these processes. 
Another community leader continued 
to emphasise: 

To just add, on the consultations the 
word bad is not enough, because 
when they came here they promised 
that they are going to come back, and 
yet they did not come back, and for us 
the government departments were not 
part and parcel of the process. So that 
we could ask more questions to the 
government departments according 
to the fracking, such as job creation, 
employment of people, skilling of the 
youth, because if we are speaking 
about fracking we have to think about 
skilling our youth, whether it be for 
welding, pipe laying or drilling involved 
with fracking. Or, taking our youth, 
our students to university to explore 
more to the fracking of the Karoo but 

this never happened, it’s very bad. 
The consultation, is like it’s around 
us, it’s either in Beyers Naude, or its 
either in Grahamstown, or either in 
Jansenville, you will never hear that 
the consultation processes will be 
here in XXX, because for instance 
company X is here for fracking in 
XXX. The only thing that we hear is 
that fracking is going to continue. We 
thought that company X left. No ok, 
we then thought another company Y 
will come here to do fracking. We did 
not know that there was a specific 
company for each site. 

These statements serve to illustrate 
the inadequacy of the information 
sharing, and consultation processes 
over the years with local communities 
on the ground. These perceptions and 
views on the process, as captured 
here are by no means isolated. A 
phenomenon, worsened by the almost 
exclusive use of the internet as the 
dominant means of registering public 
comments in the process, which 
has been largely left to Oil and Gas 
companies. Whilst ongoing, the study 
makes critical observations of the 
ongoing SGD process in the Karoo. A 
process, which is already generating 
its own set of unintended impacts, 
even prior to the commencement of 
exploration (given the current Section 
10 notice  on the pending decision 
to grant permits for SG exploration 
in the Karoo). The study identifies 
these emergent factors, the prevailing 
socio-economic trends along with the 
prevailing social structure, as critically 
important baseline information. In 
the context of this study, the process 
has already commenced, with the 
issuance of the initial TCPs (Technical 
Cooperation Permit). It is no longer 
useful to think of it as some future 
eventuality, but rather think in terms of 
a layered and iterated process, with its 
own temporal and spatial scales. n

8 6 A F R I C A  E A R T H  O B S E R V AT O R Y  N E T W O R K

(see Boxes 2 and 3). The executives 
of these exploration companies in 
the Karoo later confi rmed this more  
sobering outlook at least in relation to 
the number of jobs to be created by 
industry. 

These clarifying statements, or 
disclaimers, made in 2015 by 
company executives were important in 
dispelling the infl ated and unrealistic 
expectations within communities 
around the Karoo. This is proving 
important  for the research, albeit that 
this did not take into account any 
employment in related support sectors 
to the industry.

Whilst there are numerous references 
in the literature on the prevailing 
inequality and poverty in the region, in 
most instances this does not always 

capture the interconnectedness of 
deeper social issues at play on the 
ground. 

Whilst Feris (2016) does however move 
the discussion on sense of place closer 
to observations made in this study, 
by noting that: “Twenty years into 
democracy the Karoo remains a socially 
divided space”, with marginalised 
communities rendered invisible. A point 
initially highlighted  by the Centre for 
Environmental Rights [CER] (2011), who 
reported that poor communities in the 
Karoo had been marginalised in the 
SGD process. 

This has emerged as a recurring theme 
in the research, taking various forms 
over the past 3 years. Perhaps this is 
not because the poor are not speaking, 
but that their voices are mediated. 

Similarly, preliminary fi ndings indicate 
that the process has aided asym 
metries in information on the process, 
which clearly disadvantage the poor. 
Using an excerpt [below] from the 
public hearings, in one of the EMP 
reports presented in the Karoo, we 
can see how it might capture the 
participants’ general sentiments 
[in the record], but simultaneously 
sterilises the meaning of the actual 
statement. The study illustrates how 
this is occurring in the Karoo, through 
qualitative discourse analysis, utilising 
ATLAS.ti (Figure B21.3), we analyse 
the public comments recorded during 
the last round of SG public hearings 
[on company EMPs] in the Karoo, 
revealing how subaltern voices are 
both mediated, and marginalised in the 
process: 

F I G U R E  B 2 1 . 3 . 

Screen shot of qualitative 
data coding and analysis-
using ATLAS.ti related to this 
study. Using the software 
the research includes the 
coding of the 1707 pages of 
public comments captured 
during public hearings on 
EMPs. This data with focus 
groups, interviews, and other 
observations in the fi eld. 

Inset- Community members 
gathering to register their 
attendance at one of the SG 
hearings in the Karoo.

AS CAPTURED AND REGISTERED IN PUBLIC HEARING’S COMMENTS REPORT:
…The gas has been in the area for many years. The rich people do not want the exploration project to go ahead, but 
the poor people want it to go ahead. We cry for [XXX] – please continue with the project…

ACTUAL VOICE OF THE PARTICIPANT RECORDED BY THE RESEARCHER:
Everything is here; the gas is here, so the people must have all that things. So, apartheid people let us stop it to 
[pause] Hey! Julle moenie ons onderdruk nie man [So, apartheid people don’t oppress us]… julle [referring to the 
company] moet aan gaan met die proses …
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BOX 23

BOX 24

IMPACTS ON TRADITIONAL AGRICULTURAL LIVELIHOODS
C H W A Y I T A  K A N I

LOCAL FARMING ALSO NEEDS TO ADAPT 
TO CLIMATE CHANGE
T E B O G O  S E B A K E

Although Shale gas extraction (SGE) 
provides many positive benefits 
to the country it may impact the 
agricultural sector and rural livelihoods 
of farmers. The study will look at the 
socio-economic impacts that might 
be imposed on the rural livelihoods of 
farmers. SGE is known to transform the 
rural landscape which is often inflicted 
by transportation of heavy machinery, 
hydraulic fracturing which entails 
injection of large volumes of water and 
chemicals (Materka, 2012). 

These processes may have an adverse 
impact on water through contamination, 

and threatening water resources 
directly affecting farming and rural 
livelihoods. The study explored further 
potential impacts that might be felt by 
commercial and subsistence farmers in 
the Eastern Cape Karoo. 

The Eastern Cape Karoo is well known 
for its thriving agricultural sector and 
is characterised with a combination 
of commercial farms and subsistence 
farmers often found on communal 
land. Dominant land use in the Eastern 
Cape is grazing (livestock) and game 
farming. The south western parts of 
the Eastern Cape are characterised 

with beef and fruit farmers while in 
the north eastern region subsistence 
farming (cattle, maize and sorghum) 
is more popular. In land, the heart of 
the Karoo, faces harsh climates and 
resorts to rearing sheep and has a 
thriving wool industry (Hamann and 
Tuinder, 2012). 

There is commercial farming which 
is made up of private land owners 
and black farmers who have claimed 
land through the Land Redistribution 
Programme and there are also 
subsistence farmers which are often 
found on communal land.

Cultivated farmlands in the world 
occupy a land mass the size of South 
America, and ranch-land for livestock 
grazing occupies a land mass the size 
of Africa (Crist, 2015). This agricultural 
industry, which contributes about 30% 
of anthropogenic greenhouse gas 
(GHG) emissions, predominantly CO2 
and CH4, therefore directly influences 
global climate changes. In addition, 
there is very little arable land left; most 
of it is in the form of tropical forests 
(mostly of which, if removed further to 
expand agriculture, would accelerate 
biodiversity loss and further complicate 
efforts to control climate change emis-
sions (Butler, 2015). There is a need, 
therefore, for agricultural food produc-
tion to increase in the next decades. 
It would be of utmost importance to 
minimize the GHG emissions from the 
agricultural sector as it needs to keep 
pace with the growing population, 

currently at 7.5 billion people, projected 
to be 8 billion by 2025 (Butler, 2015). 
However, the production increase and 
adaptability will be more challenging 
and more demanding than ever before, 
as the environment is now more vulner-
able to climate change. Adaptability is 
limited by vast areas with scarce water 
resources and rain-fed agricultural 
production, which is responsible for 
more than 90% food production in Sub 
Saharan Africa (Fan and Brzeska, 2016) 
Adaptation and mitigation strategies 
should be implemented before possible 
uncontrollable thresholds are experi-
enced (e.g. Steffen et al., 2018); and 
switching from intensive-emissions 
to low emission goods and services 
is a major challenge, but sustainable 
long-term goals can still achieve this 
at costs that are low in comparison 
to the risk of inaction (Stern, 2007). 
To test GHG emissions from different 

agricultural practices and crops, this 
project focuses on collecting emissions 
data from a long term comparative 
farming systems. For example, crop 
rotation has increased significantly in 
Southern Africa in the past 10 years due 
to fluctuating in grain prices. Research 
on long term crop rotation reveal a 
10-15% increase in soybeans and corn, 
in addition to other advantages; but 
their release and/or storage of CO2 
and CH4 remains unknown. The aim of 
this project is to compare CO2 and CH4 
emitted from organic and conventional 
crop production, with the objective to 
help draw up a reliable budget for land 
use management linked to relation 
to climate change, food security and 
reducing gas emissions from the 
agricultural sector. In 2014 long-term 
comparative farming systems research 
trials were set up at the George Campus 
of Nelson Mandela University (the 
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BOX 22IMPACTS ON COMMUNAL FARMERS OF AMATHOLE
M K H U S E L I  M T S I L A

Shale Gas Development will affect land 
owners in different ways across the 
Karoo. Unlike in the south and central 
Karoo, where the land owners are 
typically private commercial farmers, 
in the eastern segments the pattern of 
land ownership is communal. Access 
and land rights of farmers living in the 
easternmost part of the Karoo Basin 
must therefore be evaluated separately. 
The Raymond Mhlaba Municipality 
situated along the southern slopes of 
the Winterberg Mountain range and 
escarpment, within the greater Amathole 
District Municipality in the Province of the 

Eastern Cape, is such a communal area 
(Figure B22.1).
The municipal area covers approximately 
6 474km2 with major towns being Alice, 
Adelaide, Bedford, Fort Beaufort and 
Middeldrift. Smaller settlements include 
Hogsback, Seymour, Red, Jumper, Blink 
water and Debenek. The Raymond 
Mhlaba Municipality comprises 23 wards, 
with a total population of approximately 
151,379 of which the majority [about 
72%] reside in rural villages and farms 
(e.g. Figure B22.2). The municipal area 
includes parts of the former Ciskei 
homeland and Cape Provincial Adminis-
tration (CPA) areas, which means that it 
has a history of land expropriation and 
disposition in many parts due to the 
consolidation of land to create Ciskei in 

the 1960s. A distinct land tenure and land 
use system prevails with two distinctly 
different systems in the former Ciskei 
homeland and Cape Province areas (IDP, 
2017). An initial focus on two towns in 
the former Ciskei area (Fort Beaufort 
and Bedford) were selected because of 
proximity to communal villages such 
as KwaNobanda and KwaNtola that are 
under the jurisdiction of tribal leadership 
(e.g. Fort Beaufort) and because com-
munal land is encroached by be adjacent 
farms that are under private ownership 
(e.g. Bedford). The study is documenting 
the status of farmers viz. a viz. land 
tenure rights; livelihood patterns of com-
munal farmers; land use and ownership 
patterns of land based on Participatory 
Rural Appraisal (PRA). Figure 22.2  
shows communal sites under the Tribal 
Authorities in the Raymond Mhlaba Local 
Municipality. The localities surrounding 
the small towns of Bedford, Adelaide and 
Fort Beaufort, specifi cally the rural areas, 
villages with communal and commercial 
farmers, traditional leaders, community 
leaders, councilors, government offi cials, 
NGO’s and other stakeholders are being 
interviewed. This is  done to provide 
a baseline against which the extent 
of changes in the land tenure rights, 
livelihoods and land usage of communal 
farmers within the context exploration of 
shale gas can be monitored.

F I G U R E  B 2 2 . 2

View across typical communal village 
at Fort Beaufort

F I G U R E  B 2 2 . 1

Map of districts of the Eastern Cape, showing the 
Amathole District study area (pale brown). 

Location of the Raymond Mhlaba Local 
Municipality, and the form

n
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Health and safety of Karoo communities 
The population in the Karoo already carries a heavy burden of illness and where health services 
are poorly geared towards managing large industrial accidents or detect early evidence of 
adverse long –term health effects that might arise from shale gas development (SGD), such as 
toxins and silica dust released into the atmosphere as a result of increased trucking across its 
largely unpaved road systems. 

South Africa’s long history of 
health-related impacts linked to 
mining during and in particular 

after mine  closures is well known. Thus, 
public health surveillance studies linked 
to shale gas, which have been limited 
in the USA and elsewhere, is essential 
before SGD is to  proceed (London and 
Williams, 2016). 

Central to all this is that the areas in the 
Karoo for consideration also include 
some of the most  sparsely populated 
and socioeconomically deprived and 
vulnerable communities, whose concerns 
about monthly government-grants 
being paid are likely more important 
than dealing with fear and anxiety over 
unexplained health issues. Moreover, 
there are no surgical specialists and only 
one small rural hospital  in the ‘hot spot’ 
area between Cradock and Tarkastad 
where the potential for SGD has been 
identified, with the closest being 

some 200-400 km away in city of Port 
Elizabeth.

An appropriate baseline must establish 
what the current human health 
characteristics of the Karoo are  prior 
to the initiation of exploration. In the 
absence of such baseline data, it 
will remain challenging to prove any 
improper practices. 

New roads, gas pipes and heavy truck 
traffic may change the environment and 
social functioning of the low-income 
population. Therefore, accurate and 
scientific documentation of the Karoo’s 
natural state will be imperative in  
order to link any degree of pollution 
or disturbances, during and after 
exploration and further SGD to such 
shale gas activities. Without sufficient 
scientific data,  litigation around 
damages will be almost impossible 
(ASSAf, 2016; Steinzor et al., 2013).  

A summary of potential hazards and 
health effects of chemicals used in HVHF 
is listed, and whilst simplified, it provides 
a summary of possible links to SGD:

F I G U R E  2 4

View across the townships of Lingelihle 
and Michausdal in Cradock, where a 
number of social-economic-resource 
studies were conducted, and Citizen 
Science participants enrolled, as part of 
the Karoo Baseline Study. 

The Vusubuntu Cultural Village in the 
foreground is the location where a 
signifi cant number of meetings were held 
with the Cradock municipality and other 
stakeholders during the period of study, 
as detailed below.

Central to all this is that 
the areas in the Karoo 
for consideration also 
include some of the most 
sparsely populated and 
socioeconomically deprived 
and vulnerable communities.

9 0 A F R I C A  E A R T H  O B S E R V AT O R Y  N E T W O R K

Mandela Trials; Auerbach, 2019). The 
research trials consist of two crop 
systems (organic and conventional) 
and two crop rotations (mono-crop 
and cabbage/ sweet potato/ cowpea 
rotation). The trial field is separated 
into forty plots (Figure B24.1), divided 
amongst organic production, con-
ventional production and a monocrop 
control treatment (non-fertilised). The 
biometric design is a complete ran-
domised block with farming systems as 
factors, split for monocrop and rotation, 
with four replications. All plots (5X6m, 
30m2) are rain fed. 

The instrument used to analyse the gas 
is a mobile Picarro (Figure B24.2 and 
see Box 13 for further detail). The analy-
ser can simultaneously measure carbon 
isotopes from both CO2 and CH4. Gas 
emitted from selected crops (and their 
soils) are captured in a canister and 
then. The polypropylene canister, 50cm 
high and 50cm in diameter, has an open 
base that is placed/hammered 10cm 
into the ground. The remaining 40cm in 
the headspace traps gas emitted after 
the canister is secured. 
An ambient (zero) sample is collected 
before closing the canister and two 

canisters are used per plot for replica-
tion, and are left in the field for a certain 
period. After a few hours, the gas in 
the canister is analysed again to dif-
ferentiate between the two production 
types emissions. Soil moisture, soil 
emissions and temperature are collect-
ed daily during emissions. Results to 
date reveal distinct differences in gas 
emissions between conventional and 
organic crops, but the data is too slim 
yet for reliable analyses. Moreover, the 
analyses will continue further through 
testing crops in active farms across the 
Karoo.

Rep 1

Rep 2

Rep 3

Rep 3

Rep 4

Key:

Replication number - R1(1-10), R2(11-20), R3(21-30), R4(31-40).
Organic Treatment - T1, T2, T3, T4.
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F I G U R E  B 2 4 . 1 . 

Map of the crop-trial plot layout 
highlighting the long term comparative 
farming system. A crop-rotated 
conventional plot and a crop-rotated 
organic plot were sampled.

F I G U R E  B 2 4 . 2 . 

Top: Picarro in truck used to analyse CO2 
and CH4 concentrations in gas canisters in 
the test crop-plots. 

Bottom: Special designed gas canister 
used to accumulate GHG in the headspace
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EPIDEMIOLOGICAL BASELINES IN KAROO TOWNSHIPS
S H A N E N E  O L I V E R A

BOX 25

A good quality epidemiological study 
of the Karoo is needed to fi rmly 
establish if there is a relationship 
between measured exposure and 
health outcomes related to hydraulic 
fracturing. To enable this, a baseline 
epidemiological study in the Karoo 
was embarked on, especially focussed 
on communities nearby potential 
fracking sites. The work predominantly 
attempts to quantify the occurrence 
of disease in the Karoo and other 
health-related characteristics amongst 
the Karoo population in terms of 
person (age, sex, and social class), 
place (townships) and time prior to SG 
exploration and production. 

Presently, the social and economic 
landscape of Karoo townships is 
characterised by unacceptable 
levels of unemployment, poverty 
and especially vulnerable women, 
children, and elderly, most of whom 
are historically disadvantaged through 
and by the legacy of colonialism 
and apartheid. The present status of 
land and urban ownership and linked 
economic development excludes them 
from meaningful participation, and the 
resulting poverty and living conditions 
has created increasing deterioration 
of health conditions. Postgraduate 
Research being conducted on 
disease profi le of Cradock/Tarkastad 

community in light of SGD This project 
attempts to start to quantify a baseline 
of these conditions prior to shale gas 
development (SGD) in two townships in 
the Eastern Cape, separated from each 
other by 60 km, one of which, Cradock, 
may become a central hub around 
which the Karoo shale gas testing will 
fi rst commence. This baseline will 
therefore be useful to potentially trace 
the effects of SGD on changing health 
and poverty of local communities. 

A total of nearly 500 structured 
interviews and physiological 
examinations were conducted among 
township people in Cradock and 
Tarkastad who agreed to participate in 
this study: 43 5-year old and younger, 
and 446 older than 5 years in age. 
Results expressed as a disease profi le 
of the towns are summarizes in Table 
25.1. In this way, following Steinzor 
et al. (2013), instead of problems 
being widely reported on and then left 
unaddressed, policies and regulatory 
measures can be enforced to ensure 
public health impacts are given greater 
priority in the decision-making process 
linked to SGD through: 

1. Elevating the role of public health 
considerations in gas development 
decisions. 

2. Increasing the involvement of state 

departments of health in assessing the 
impact of shale gas mining. 

3. Conducting baseline water testing 
and continuous long-term monitoring 
of air quality. 

4. Strengthening regulations for 
facilities to minimise air and water 
pollution risks. 

5. Advancing changes in testing 
parameters that determine safe 
exposure in order to account for 
low-level, chronic exposure and 
multiple chemical exposure in testing 
and monitoring. Elevating the role of 
public health considerations in gas 
development decisions. 

6. Increasing the involvement of state 
departments of health in assessing the 
impact of shale gas mining. 

7. Conducting baseline water testing 
and continuous long-term monitoring 
of air quality. 

8. Strengthening regulations for 
facilities to minimise air and water 
pollution risks. 

9. Advancing changes in testing 
parameters that determine safe 
exposure in order to account for low-
level, chronic exposure and multiple 
chemical exposure in testing and 
monitoring. 

Postgraduate Research being 
conducted on disease profi le of 
Cradock/Tarkastad community in 
light of SGD
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AGENT POTENTIAL HEALTH EFFECTS

Nitrogen and Sulphur Oxides (NOx, SOx) Lung diseases, asthma, cardiovascular diseases Contributes to ground level ozone 
production.

Ozone (O3) Asthma, cardiovascular effects, irritation of mucous membranes, particularly 
significant for the elderly and vulnerable populations

Volatile Organic Compounds (VOCs): Benzene, 
Toluene, Ethylbenzene and Xylene (BTEX) Cancer (leukaemias), birth defects, lung, and nervous system diseases

Crystalline Silica (respirable fraction) Silicosis and lung cancer, kidney disease, particularly for occupational exposures

Diesel exhaust (includes particulate matter (PM) 
Carbon monoxide (CO) Hydrocarbons (HC), NOx 
and VOCs)

Lung and bladder cancer, asthma, other lung diseases, heart disease

Hydrogen Sulphide
Lethal if inhaled at high concentrations Headache, respiratory and mucous 
membrane irritation, central nervous system effects, e.g., confusion, memory loss, 
and prolonged reaction time. 

Particulate Matter Respiratory disease, including asthma, cardiovascular disease, and premature death 
for cardiorespiratory patients

Methane, ethane, propane and butane (light 
VOCs)

Methane contributes to greenhouse gases and can cause explosions or lead to 
asphyxiation at high concentrations

Carbon Dioxide (CO2) Greenhouse gas contributor

Radioactive materials (radon) Radon exposure associated with lung cancer.

Critical information needs to be available 
about SGD before health care providers 
can definitively respond to their 
patients and communities’ concerns 
because health effects will vary with 

geology, geography, demography, 
population proximity and vulnerability, 
the development techniques used, and 
the competence and safety culture of 
the SGD companies and regulatory 

authorities involved. 

Following this, we report mainly results 
from work in the regions flanking Cradock 
(Figure 24) and Tarkastad.

A  S U M M A R Y  O F  P O T E N T I A L  H A Z A R D S  A N D  H E A LT H  E F F E C T S  O F  C H E M I C A L S  U S E D  I N  H V H F
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This baseline data provides a 
reference disease profile of Cradock 
and Tarkastad prior to SGD that can 
used to compare repeated periodic 
health assessment studies at critical 
stages during gas exploration and 
harvesting to test if and how SGD 
contributes to changes in communities 
health statuses. In particular, will SGD 
affect health and stresses (breathing 
pollutants, noise, fears of spills or 
groundwater contamination), and 
further increase poverty and socio-
economic exclusivity? To enable 
reliable health impact assessments, 
this study directly targeted the 
population living in the Karoo, and 
can thus  enable specific guidance 
and resources as to address capacity 

needed to adapt, minimise and indeed 
counter added strain to existing 
infrastructure and human needs. This 
early baseline data must be further 
developed through periodic re-testing 
in order to ascertain  what the disease 
profile of the Karoo was prior to SGD 
and how this may or not contributed 
to an evolving Karoo’s disease profile. 
In future, more detailed connectivity 
to changes in water quality and 
quantity, air quality, noise and odours 
during SGD must also be monitored 
to test more effectively how this and 
related industries lead to acute short 
term health impacts such as upper 
respiratory tract ailments, burning 
eyes, headaches, vomiting, diarrhoea, 
rashes and nosebleeds, and how these 

might lead to potentially chronic long-
term impacts. Aspects to explore as 
part of this ongoing baseline study are 
to ascertain whether the following are 
in place:  

•  Risk assessments for gas extraction 
part of planning and permitting 
process  

•  Broader public health and socio-
economic impact analysis regarding 
increased traffic, work migration to 
the Karoo, and the impact on local 
infrastructure  

• Disclosure of chemicals to be used  

•  Relevant regulatory control of 
fracking fluids and the disposal 
thereof.

WATER ACCESSIBILITY IN TOWNS AND TOWNSHIPS
V E R O U S C H K A  S O N N

BOX 26

The sustainable management of 
freshwater resources is necessary for 
proper ecological function to ensure 
the supply of freshwater for current 
and future users. This study focuses 
on human-environment interactions, 
particularly looking at freshwater 
resources and its management 
within a domestic capacity. It aims to 
evaluate how people view tap water 
and its sources, and how specific 
external and internal factors may 
influence their water-use behaviour. 

The study has been carried out in 
Cradock,  Eastern Cape, and focused 
on connected neighbourhoods along 
the Great Fish River (Figure 26.1) 
namely, the Lingilihle Township 
and the main centre of Cradock 
Town. Using a mixed methods 
research methodology, the data 
is sampled across a sliding-scale 
of inequality in socioeconomic 
conditions at a neighbourhood level. 
The methodology uses combined 
qualitative and quantitative 

approaches to collect and analyse 
the data, referred to as phases 1 
and 2. The first  phase (qualitative) 
serves as a pilot study where, data 
is collected using interviews and are 
subsequently analysed using the 
statistical software package, ATLAS.
ti to derive themes. The latter refers 
to the main concepts and issues 
identified post-analysis. The themes 
are used to construct a questionnaire 
to  conduct data collection for phase 
2 (quantitative). 

A total of 100 respondents are 
identified by door-to-door requests for 
participation in the study, and  the data 
is captured through conversational 
surveys (questionnaire) which are 
captured with a voice recorder 
(Figure B26.2). The final dataset is 
analysed using STATISTICA and the 
results are integrated to show how 
socioeconomic gradients reflect 
different domestic water conservation 
strategies in dif ferent communities.

So, what is the current 
situation around water 
accessibility in Cradock?
According to Mucina et al. (2006), 
Cradock falls within the Nama-Karoo 
Biome, which is naturally dry due 
to limited rainfall (295mm Mean 
Annual Precipitation) and is prone to 
droughts. Cradock, along with other 
towns in the Eastern Cape Karoo, was 
subject to extreme water shortages 
before the Orange- Fish Tunnel was 
introduced in 1975. This water supply 
scheme allows the Great Fish River 
to be recharged by the Orange River 
to ensure an efficient supply for the 
entire area (GFRWUA, 2016). Among 
the issues raised, water accessibility 
across the study area varies 
considerably. All the neighbourhoods 
in Cradock are supplied with water 
through the municipal piping system. 
Access to this water is subject to the 
payment of municipal rates and taxes, 
unless the household is declared 
indigent in accordance with the 

n
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DISEASES (5YRS AND YOUNGER)(N=43) FREQUENCY %

Ear, Nose and Throat diseases 1 2

Are any members of the household suspected to be or on TB treatment? 2 5

Is the child on TB prophylaxis? 2 5

HIV/AIDS (exposed) 6 14

Head circumference-Outside normal range 6 26

Moderate Acute Malnutrition 2 5

Acute malnutrition 4 9

Pyrexia (High Body Temperature) 5 12

Oral Thrush 6 14

Upper Respiratory Tract Infection 5 12

Lower Respiratory Tract Infection 1 2

Tachycardia 4 9

Psoriasis 1 2

DISEASES (OLDER THAN 5YRS OLD) (N=446) FREQUENCY %

Ear, Nose and Throat diseases 34 8

Respiratory Disease 29 7

Cardiovascular disease 8 2

Tuberculosis 15 3

Diabetes 34 8

Hypertension 73 16

HIV/AIDS 100 22

Musculoskeletal 39 9

Epilepsy 20 4

Depression 16 4

Mild Hypertension on examination 30 7

Severe Hypertension on examination 23 5

BMI > 30 75 17

Otitis Media 73 16

Tonsillitis 18 4

Blindness 2 0

Lymphadenopathy 1 0

Painful ears 2 0

Hyperthyroidism 1 0

Oral Thrush 20 4

Upper Respiratory Tract Infection 31 7

Lower Respiratory Tract Infection 6 1

Tachycardia 6 1

Cardiac Failure 3 1

Joint deformities and pain due to arthritis 15 3

Scoliosis 1 0

Generalised body rash 9 2

Eczema 1 0

T A B L E  2 5 . 1 .  D I S E A S E  P R O F I L E  O F  T O W N S H I P S  P E O P L E  I N  C R A D O C K  A N D  T A R K A S T A D
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F I G U R E  B 2 6 . 3 . 

Washing clothes using 
bucket systems in 
Lingilihle Township (LT).

F I G U R E  B 2 6 . 2 . 

Bottom Left - Data collection 
was done in a conversational 
manner with the local 
residents, guided by a 
questionnaire and capturing 
the data with a voice 
recorder and written notes.

Bottom Right - Interviewing 
a resident from the Lingilihle 
Township in Cradock.

Fingerprints of natural toxic trace elements and 
minerals 
Because Uranium is often highly concentrated in the Karoo formations especially in lithologies of 
the lower Beaufort Group, the project also focusses on determining Radon (222Rn) and Uranium 
(238U) geochemistry in groundwater. Radon gas is a naturally occurring radionuclide derived 
from decay of Uranium, and is a specific health hazard when concentrated in drinking water.

Some of the groundwater is 
situated under lithologies enriched 
with Radon in groundwater 

through waterrock interaction. Radon 
released from groundwater creates a 
source of natural radioactivity in air that 
can be hazardous when accumulated in 

confined spaces (e.g. buildings) and it 
is a health hazard when concentrated in 
drinking water. Radon can also be used 
as a  groundwater tracer by determining 
the residence time and groundwater 
velocities which is of high impor tance 
for drinking water management. Radon 

concentration can potentially increase 
through seismic activities, where micro-
fractures allow for movement of 222Rn-
bearing water. Thus, our micro seismic 
studies to determine the local state of 
stress, are also an integral part of these 
baseline studies.
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national indigent policy. In the Lingilihle 
Township, many people reside in houses 
provided by the government as part 
of the Reconstruction Development 
Programme (RDP), which are often 
referred to as RDP houses. The 
participants living in these houses 
indicated that a house has a single tap 
which is located outside the house. 
They use buckets (20 litres) to collect 
water for household use (e.g. Figure 
B26.3). In some parts of the township 
there are new, bigger RDP houses with 
internal taps. For those living in the 
smaller houses, the task of having to 
fetch water was shown to encourage 
water conservation strategies in and 
around the house. The Chris Hani 
District Municipality (CHDM) encourage 
water conservation strategies through 
holding information sessions with the 
community and providing them with the 
buckets referred to earlier.

In the Cradock Town area, the water is 
easily accessed through taps that are 
located on the inside and outside of the 
houses. The municipal supply of this 
water, however, is often interrupted due 
to burst pipes, which has an adverse 
effect on businesses in town as well as 
households. Those that can afford it, 

make use of alternative water sources 
like boreholes and rain water capturing 
systems. Many residents buy water 
as they believe that the tap water is 
not safe to drink. In recent years, the 
management of the municipal water 
supply system was taken over by the 
CHDM, after it had been run by the local 
Inxuba Yethemba Municipality for years. 

This caused a back-log in the 
administration of the water-billing 
system. Many residents that paid 
for water in the past could not do so 
anymore since the municipality could 
not provide a clear indication of the 
amounts they were required to pay. 
Most of the participants in the Cradock 
Town area indicated that the on-going 
water supply interruptions heavily 
infl uence their water-use behaviour. 
Even though Cradock is situated 
in an arid region, there are many 
anthropogenic challenges that infl u 
ence water accessibility throughout 
this area, and ultimately the water-use 
behaviour of the residents. Given that 
the Great Fish River has a constant fl ow, 
the water supply is currently enough 
to support the inhabitants of the town. 
This should not be taken for granted, 
however. Natural resources are fi nite 

and therefore must be managed as 
such at a governmental and domestic 
level. Knowledge and awareness of 
water and the state of the environment 
is of utmost importance for residents to 
make informed decisions regarding their 
water usage. It is therefore important 
to address water use behaviour at a 
domestic level and determine whether 
end-point users have the necessary 
knowledge and awareness to use 
water in a sustainable manner before 
hydraulic fracturing might affect this.

Management of the water sources as 
well as its supply at a municipal level 
has a strong infl uence on water-use 
behaviour at a domestic level. This is 
something that urgently needs to be 
addressed, especially considering the 
anticipated changes that come with 
possible hydraulic fracturing in the 
Karoo.  There are many factors that 
may infl uence water management at a 
domestic level, but the important role 
of the municipality and the government 
should not be ignored.

F I G U R E  B 2 6 . 1 . 

The Great Fish River running through 
Cradock, Eastern Cape

n
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DATA
The multi-parameter datasets collected during the baseline field operations 
are being archived within the AEON research Commons using a data repository 
structure as shown by the flow chart below (Figure 25) . This enable easy access 
for processing and interpretation while allowing for additional new data. This 
structure enables effective data integration, and development of a baseline 
database that will provide support for a variety of research investigations and 
stakeholder information query. 

To enable production of shared datasets and knowledge, an interactive working 
and multi-mentorship environment such as the AEON Research Commons must 
be provided to the students. It is in this Commons that information is generated, 
exchanged and archived through geo-referenced databases and data analyses. 

The Commons is equipped with computing and remote communication facilities: 
state-of-the-art hardware and software to provide processing and modelling 
capacity, video-conferencing and remote teaching systems. Mentorship of students 
takes place here at various levels (academic and industry) and orchestrated by 
members of the Network and its Alumni.

Why do baseline studies if they are not 
made public?
The design of the baseline database is expected to facilitate temporal and georeferenced 
spatial analyses using applications of Geographical Information System technology while 
allowing users to query a variety of attributes and/or metadata information. However, data 
cannot yet be extracted before completion of baseline research students’ theses.

Why does data-sharing not 
happen more often? 

Data is information and information 
is power in the hand of its 
holder. This might explain why 

data-sharing does not happen often. 
Yet in establishing the Karoo baseline 
research and the related public interest, 
the datasets collected have to be shared 

toward the building of a better and more 
collective future across the Karoo. Given 
growing digital accessibility and the 
diverse stakeholdership in the shale gas 
development and related debates, there 
is a need to establish an online database 
that can be accessed by all (e.g., Brantley 
et al., 2018). The online database will 
provide fertile application ground for 

students from a multitude of disciplinary 
backgrounds to perform data analysis, 
modelling, and visualisation. 

The online database will effectively 
support/ facilitate Earth System Science 
research and applications. Online availa-
bility to the public will be enabled once the 
student theses are made public.

9 8 A F R I C A  E A R T H  O B S E R V AT O R Y  N E T W O R K

URANIUM,  MOLYBDENUM AND MERCURY IN 
KAROO SYSTEMS
O K U H L E  P O T O

BOX 27

Chemical elements such as uranium 
(U), molybdenum (Mo) and mercury 
(Hg) are common occurring pollutants 
in ground-and-surface water, resulting 
mainly from recycling and weathering 
of rocks and soils (Merian, 1991; Neil, 
1993; Awofolu et al., 2005). 

Chronic diseases have been reported 
in a number of places prone to 
concentration and exposure of these 
chemical elements through pathways 
that includes uranium-contaminated 
drinking water, food or dust, including 
decay products of uranium like radon 
gas (Scholtz, 2003; Winde et al., 2017; 
Naja and Volensky, 2009). On several 
farms in the Karoo near Poffader, for 
example, uranium in drinking water has 
been to leukaemia (Winde et al., 2017; 
(Figure B27-1).

This study further explored other 
exposure pathways that include the 
inhalation of dust and the food chain. 
Contaminated drinking water was 
found to be the main pathway in the 
area, where uranium-uptake rates 

often exceed tolerable daily intake (TDI, 
as defined by WHO – World Health 
Organisation)  by up to 900 % (Winde et 
al, 2017). An ingested uranium is also 
known for its potential in damaging 
kidneys, causing liver dysfunctionality 
(Scholtz, 2003).  

At low concentration, molybdenum 
is amongst the list of trace element 
known to play a vital role to human, 
animal and plant health. It acts, for 
example, as a substance for the 
functioning of a large number of 
enzymes that speed up chemical 
reaction entailed in N, C, and S 
cycling. But, at high concentrations 
molybdenum (>0.07 mg/L) can be 
dangerous, although there are only few 
reports published about its danger to 
human health. 

The main research has been on 
animals (Smedley and Kinniburgh, 
2017). On the other hand, mercury 
has long been recognised as a 
harmful and even a deadly element 
to living organisms (Barringer et al., 

2013). Mercury (Hg) has no known 
physiological role in humans and 
animals, it is only regarded as a chronic 
neurotoxin (Naja and Volesky, 2009). 
This study focuses on testing the 
contamination of ground-and-surface 
water from trace elements uranium 
(U), molybdenum (Mo) and mercury 
(Hg) and identifying health issues 
associated with this near Beaufort 
West. 

A combination of desktop, field work 
and geochemical analyses will be 
undertaken.  During the process of 
sampling water parameters such as 
electrical conductivity, pH, alkaline of 
water will be determined using Solinist 
Temperature Level Conductivity. 

Finally, data processing, interpretation 
of major and trace elements from the 
collected water samples using ICP-MS, 
creating models demonstrating 
distribution of analysed elements and 
for example, Piper diagrams showing 
distribution of Total Dissolved Solids 
in water.

F I G U R E  B 2 7 . 1

Schematic diagram highlighting potential pathways of uranium (and geologically linked heavy elements such as mercury, thorium, 
molybdenum) that may infiltrate human and animal consumption in regions across the western and central Karoo where such 
element-bearing mineral concentrations in Karoo sequences are common, sourced from underlying basement rocks of Namaqualand 
are (modified after Winde et al., 2017).

n
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Baseline data repository structure to 
enable easy indexing and public access.
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CITIZEN SCIENCE IN GROUNDWATER MONITORING
N Y A R A D Z O  D H L I W A Y O

A Citizen Science (CS) Programme 
in the AEON Karoo Baseline study is 
based on the relevance to engaging 
local communities in dialogue and 
decision making about their natural 
environment and associated scientific 
issues, risks and opportunities 
in relation to potential Shale Gas 
Development. 

This programme, focused initially on 
Cradock in the centre of the study 
region, facilitated the identification of  
capacity needs and the development 
of knowledge, skills, support as well 
as a deeper understanding of the 
community’s role in the study.

Active participation, in collaboration 
with the Cradock community stake-
holders, the researcher and AEON 
hydrogeologists, the CS training 

programme was therefore developed 
and implemented, focussing on 
groundwater monitoring aspects, 
namely Hydrocensus and Groundwater 
Sampling. A selection criterion for the 
final recruitment of 8 citizen science 
trainees was developed and each 

one was exposed to the use of a 
groundwater sampling field guide, an 
electrical  conductivity meter, a hydro-
census manual sheet and additional 
sampling techniques. Furthermore, 
AEON facilitated the design and de-
velopment of a customised Xoras App 
on Samsung Tablet devices (Figure 
B28.1). The software application was 
used to capture and share field data 
collected during  groundwater moni-
toring training.

In response to the community’s 
concern on their inabilities to monitor 
potential impacts of SGD, Citizen 
Science training was an element of 
self-help, community engagement and 
citizen stewardship resulting in the 
people contributing to research and 
not being research subjects, in this 
study (Figure B28.2). 

The CS programme has therefore 
shown how imperative it is to 
relate scientific facts with the  local 
communities and encourage their 
participation in the research programs 
as active participants, for example in 
the collection of groundwater samples 

and educating them about the natural 
water systems. Even if SGD does 
not materialise in the Karoo, the CS 
training investment aims to enable 
associated rural communities, through 
the recently trained youths of Cradock, 
to participate in local decision-making 
forums on groundwater, health or 
other regional development projects.

The absence of such baseline 
information, which normally facilitates 
public consultation and engagement, 
results in emotional debates around 
environmental and human ethics, 
given associated risks and lack of 
clarity about stakeholder-ship of 
potential shale gas extraction. It 
was therefore imperative to discuss 
scientific facts with the local Cradock 
community and encourage their 
participation in, for  instance, effective 
groundwater. 

An Action Research Approach was 
designed, using Participatory Rural 
Appraisal tools and other quantitative 
methodologies to facilitate the 
community engagement and CS 
training processes. These include 
visual representations (resource 
ranking photo-voice participation, 
observations, and reflective 
journaling), focus group discussions, 
and key-informant interviews.

BOX 28

F I G U R E  B 2 8 . 1 .

Xoras App on mobile device 
for Citizen Science water data 
collection
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CITIZEN SCIENCE

Approximately 75% of the direct workforce linked to the shale gas industry 
requires little formal post-matric education and or trade certification, since these 
jobs depend mostly on experience-driven skills and knowledge unique to the gas 
industry (Marcellus Shale Education and Training Centre 2009). 

Initially most jobs will be by non-local workers, but over time nearly all these 
jobs could be filled by local workers, provided local educational and training 
institutions must be set up to develop appropriate programs to enable local 
workers to fill these jobs. 

To ensure vocational and technical education programs support the growing need 
for workers in the gas industry, existing education programs must be re-orientated 
towards specific knowledge, skills and work ethics required by the gas industry.

A unique approach to this 
baseline research has been the 
development of Citizen Science 

as a central tool for gathering data, 
training community members to do 
this work, particularly in the water-well 
monitoring, the details  of which are 
set out in Box 28. Citizen Science – an 
inherently powerful tool that creates 
a platform for thousands of people to 
connect with science - encourages a 
number of  research collaborations 

involving inexperienced individuals, 
enlisting these members of the public in 
collecting large quantities of data across 
an array of habitats and locations over 
long spans of time. 

Over the past decade, citizen science 
has been a research activity mainly de-
termined by the participation of the local 
citizen. This concept can be considered 
as a means of real and meaningful 
scientific  communication between 
scientists and the general public in an 
engaging process. 

Projects involving citizen scientists have 
been increasing over years, especially 
in the field of  environmental sciences, 
and the Karoo shale gas transdiscipli-
nary baseline research program is no 
exception. Here the focus is on the con-
tribution that capacity building makes 
towards developing the citizen scientists 
and the substantive role played by the 
citizens in the shale gas exploration 

process; and ultimately on engaging the 
public in scientific  research. 

In the context of sustainable manage-
ment of this relatively unconventional 
resource, and for benefits of shale gas to 
be realized by all, including poor people 
in under-resourced  communities in 
the shale gas zone, it is essential that it 
is developed with effective safeguards 
to mitigate risks on a large number of 
complex interrelated issues linked to 
water resources, air quality, ecosystems, 
and societal needs — shale gas develop-
ment may impact directly on them all. 

Citizen science is a dynamic tool that 
can ensure that should shale gas be 
found to economically viable to extract 
from the Karoo Basin, communities 
living in the adjacent areas have a voice 
and can participate in and benefit from  
this resource. Citizen science should be 
vastly scaled up to achieve a significant 
impact in this process.

 CITIZEN SCIENCE, TRAINING CENTRES AND TRUST BUILDING WITH COMMUNITIES
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BOX 29VISUALISING THE KAROO BASELINE
N A D I A  V A N  D E R  W A LT

Film is an ideal medium to impart knowledge and stimulate education because 
a lot of people are more visually-inclined and scientifi c concepts related to shale 
gas development (SGD) are diffi cult to convey  in verbal exchange. The aim of the 
visual documentation is to contribute to understanding the role of documentary in 
the promotion of awareness about positive and negative side-effects of resource 
extraction through education. 

This documentary video covers all the baseline testing practices and experiments 
performed by the baseline researchers in the fi elds of chemistry, physics, 
geo- and life-sciences, computing, (applied)  mathematics, socio-economic 
development and health risks within a broad political and historical framework, as 
well as the interactive discourse between the scientists and Karoo communities 
and local farmers. The researchers were followed in the fi eld, and their data 
collection methods captured and interrogated through interviews, using 
conventional fi lm and drone technology (Figure B29.1).

This ensures that the producer of the video has a fi rm understanding on how 
baseline research is conducted and how data is collected, and that the scientifi c 
practices are correctly conveyed to the viewer. The fi nal video was converted into 
AEON’s second ‘Mandela Talk’ – (Figure 26 - available on: www.aeon.org.za/
Mandela Talks).

F I G U R E  B 2 9 . 1

AEON drone and cameras used for visual 
documentation of Karoo baseline research 
programme.

■
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COLLABORATIVE 
COMMUNITY 

ROUNDTABLE MEETINGS

WORKING GROUP &
COHORT SELECTION

CITIZEN SCIENCE 
TRAINING

EVALUATION AND 
REFLECTION

F I G U R E  B 2 8 . 2 . 

Visual documentation of Cradock 
Community Engagement and Citizen 
Science Training Process from 2014 
– 2018. Meetings were held on regular 
basis to discuss scientifi c facts with 
local communities and encourage their 
participation in associated research 
programs as active participants. 

This programme explores the current 
capabilities of selected Eastern Karoo 
communities in order to engage, train 
and develop their capacities prior to 
potential shale gas development, 
through collaborative processes*.

In utilising Action Research 
Methodologies, the local community 
was enabled to actively participate 
in the ongoing Shale Gas Debate in 
the Karoo through this baseline pilot 
study. It is anticipated that this will 
lead to meaningful engagement in 
the future, greater voice and access 
to ordinary citizens who wish to 
infl uence and shape public opinion 
and policy decisions related to Shale 
Gas resources and any  other resource 
in the Karoo – should they so wish. 

The emerging community round table 
concept is expected to serve as an 
invaluable platform for conducting our 
collaborative research and ongoing 
environmental monitoring projects under 
the guidance and participation of local 
communities. This process can inform 
theory, policy making whilst providing a 
platform for an adaptive citizen science 
model for capacitating Eastern Karoo 
local communities in monitoring effects 
of potential Shale Gas Development in 
the anticipated areas*.

* A similar approach in the shale gas arena has been initiated in Pennsylvania, USA https://www.marcellusmatters.psu.edu/ 
”Marcellus Matters” is a multidisciplinary initiative to provide adults in rural Pennsylvania with opportunities to increase their 
knowledge of science, technology, engineering, and math (STEM) and engage in scientifi c inquiry and investigation through 
the lens of energy resources.

Making sense of it all
CONNECTING THE KAROO TO THE NATIONAL AND GLOBAL SHALE GAS DEBATE

The Karoo baseline data is of local but also of global significance. Nowhere else in the world 
is there an oil and gas basin where pre-extraction data is available. In all cases, especially in 
the USA, gas extraction HVHF took place ahead of environmental and social health baseline 
research. In addition to the baseline project has been continuously documented over the last 
4 years. Facts and information through documenting all baseline experiments and testing are 
recorded on a video. Thus this engagement project aims to capture and clarify scientific and 
social practices as a tool for understanding of possible future developments related to SGD, 
particularly in rural areas and townships across the Karoo.
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Mandela Talks are unique to 
Africa. Here the story of the 
Karoo baseline research is 
highlighted in a 20 minute 
video, which is available on the 
AEON website (www.aeon.org.
za/Mandela Talk 2).



1 0 9S H A L E  G A S  R E A L I T I E S  @  K A R O O. Z A    / 

baseline research and Citizen Science 
project. Presently there are no training 
facilities across Africa that bring together 
drilling technology for deep resource 
exploration. Drilling across Africa is 
learned on the job, mostly controlled by 
international, Out-of-Africa companies. 
The proposed ST&ET Centre will address 
shortage of skills development for a new 
generation of young Africans interested 
in sustainable exploration of natural 
resources through better understanding 
of the continental deep subsurface and 
its critical zone. Thus, linked to SGD, there 
is a bigger ST&ET stake: a vision akin to 
the (South) African SKA – an astronomy 
project, but now looking down into the 
deep interior to better understand the 
value of earth resources and deep life 
– microbial life in rocks and sediments 
make up 70% of life on our planet, and to 
which fossil fuels – earth’s dark energy, 
like shale gas, is deeply connected. This 
plan also highlights the need to improve 
understanding the interplay between 
earth’s geosphere, biosphere and 
atmosphere, vital for today’s modelling 
of our future climate; and the deep time 
evolution of, this skin of earth – its 
Critical Zone, and specifically the types 
and accessibility of deep groundwater, 
soils and minerals of Africa.  The plan 
has different but intermingled objectives 
focussing at selected depths below 
surface through  3 interlinked sites – a 
deep drill site for advanced scientific and 
technology (S&T) research (9-10 km); a 
medium drill site to advance knowledge 
about low-entropy geothermal resource 
extraction across Africa  (5-8 km; see 
Box 1 ); a scientific controlled hydraulic 
fracturing site to enable knowledge and 
development in monitoring shale gas 
extraction in Africa (3-4 km). The centre 
will develop geo-bio-engineering and 
geo-agriculture skills linked to drilling 
for young Africans, and serve inter alia 
as a type model to  advance Africa-
based S&T focussed on energy, ground-
water, food security, socio-ecosystems, 
and socio-economic services; and there 
will be a significant focus on expanding 
Citizen Science programs.  There will be a 

transdisciplinary range of different levels 
of education from poly-techniques, e.g. 
people that will be able to work onsite, 
such as drillers, drilling  supervisors, 
welders etc., as well as more advanced 
practical education that will include 
advanced engineering and IT skills. 
The centre will be directly linked to the 
Science and Engineering faculties as  
well as business management at the 
Nelson Mandela University, partner with 
national research centres, universities 
across Africa and strengthen Pan-
African initiatives on energy, water and 
agriculture. Certification at various levels 
will be managed through universities, and 
linked to international Institutes such as 
IWCF for benchmarking.  For advanced 
deep scientific drilling, the Centre will 
partner with the ICDP (International 
Continental Drilling Program) centred 
at the GFZ in Germany. Early technical 
design and costing for a deep drilling  
program is ongoing with ICDP. The focus 
of this long term drilling project is on 
advancing leading-edge research and 
scientific knowledge about the earth’s 
Critical Zone down to a depth of ca. 10 
km. This will include deep groundwater 
movement and deep carbon challenges, 
the ultimate depth of (microbial) life, as 
well as penetrating earth largest crustal 
magnetic anomaly (the Beattie Magnetic 
Anomaly, at a depth between 7-11 km 
below surface of the southern Karoo; 
Figures B8.2 and 28b ) that has been 
a focus of science projects since the 
early 1900s by the global geophysics 
community, but whose origin remains 
unknown.  Technical design and economic 
evaluation for a geothermal drilling site 
is in an advanced stage through the help 
of expertise across Europe. In short, 
three different, yet intermingled drilling  
projects in the Karoo will be central to 
the design of an Africa Earth Laboratory 
focussed scientifically on unlocking the 
inner secrets of Earth by investigating, 
inter alia, the quantities, movements, 
forms, and origins of carbon in earth 
and linking those to the  complexities 
of 3-D ecosystem services and regional 
social inequalities; and the dire need for 

new designs of early career paths and 
technical skills across Africa.  Technically 
the aim is to create a long-term Africa 
skills centre for earth stewardship science 
and engineering, linked to sustainable 
resource management for Africa. Such an 
integrated African Earth Laboratory would 
attract the attention of the African and 
global commu nity of multi-disciplinary 
scientists and creative engineering 
skills. A potential site is close to the 
town of Craddock in the  Eastern Cape, 
identified to enable all 3 drill projects to 
succeed with a high potential success 
rates (Figures 27 and 28). This includes 
excellent chances of success for the 
S&T and education goals (starting within 
2-4 years) to develop large permanent 
opportunities in a town/region of very high 
social inequality, unemployment and lack 
of training facilities. The town is within 3 
hours drive from an international airport 
and industrial harbour, and has access 
via railroad and a small airport facility. 
The site is also close to what the AEON 
group has identified as the most likely 
region where early SGD will take place, on 
the basis of geology and new  estimates 
of potential reserves (timelines and data 
are available on request). The ST&ET 
Centre will aim to physically explore 
the Karoo Critical Zone by drilling into it 
and conducting a final phase of AEON’s 
baseline research by implementing and 
scientifically monitoring hydraulic fracking 
at a selected site. This advanced stage 
of the baseline testing is envisioned to be 
conducted as the initial phase of industry 
exploration is anticipated to commence, 
which, we assume, will include selected  
deep drill sites across the Karoo region. 
These initial exploratory activities were 
identified in Environmental Impact studies 
(EIAs) and Environmental Management 
Plans (EMPs) submitted to PASA, by 
various applicants, and subsequently 
presented to the public at public hearings 
conducted with Interested and Affected  
Parties (IAPs) in the Karoo. The CSFC 
baseline study will require a government 
and public permissions process at its 
selected site, which we anticipate to  
require 2-8 months. n
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MOVING 
FORWARD

 The essence of the ongoing baseline program is to improve technical and social 
readiness in South Africa for shale gas develop ment should this materialise: 
maximise benefits and retain eco- and agro-systems services. To complement 
the current studies summarized in this report, and to gain further knowledge 
about specific fracking impacts within the Karoo, design and construction of a 
Controlled Scientific Hydraulic Fracking Site (CSFS; Figures 27 and 28) is now 
required before the onset of potential SGD, and to perform controlled exploration 
drilling and multidirectional hydraulic fracturing with very high standards of precise 
monitoring protocols, most notably various forms of geophysical and continuous 
hydrochemical testing across different time scales.

Primarily, a CSFS will test drilling 
and hydraulic fracturing in the 
Karoo research site; and their 

potential additional applications/
implications beyond the shale gas 
industry (e.g. social-system services 
and socio-ecosystem services). This 

will allow for the ongoing data collection 
and monitoring in real time, further 
allowing regulators, public interest 
organisations and industry to have first-
hand information on possible effects, and 
mitigation in response thereto, as well as 
onsite training to develop local technical 

skill in hydraulic fracturing processes. 
It is envisages moreover that a CSFS 
will be become part of a larger Science-
Technology & Education- Training 
Centre for deep exploration below the 
continent – an African Continental Drilling 
Program (ACDP), linked to the ongoing 

CONSTRUCTING A CONTROLLED SCIENTIFIC HYDRAULIC FRACTURING SITE (CSFS)

What exactly will AEON and collaborators be testing? 
The main objectives of a CSFS baseline is related to analysing, within a radius of ca. 10 km, 
potential impact of drilling and predominantly hydraulic fracking operations at depths of ca. 
3000-4000 m, in context of connectivity with freshwater bodies and groundwater reservoirs up 
to 1500 m below surface. Thus, this phase will inter alia collect data about induced seismicity 
using surface and subsurface equipment; testing for potential fracture connectivity between 
induced fractures and natural fractures/faults identified by the present AEON baseline studies 
(using ambient noise technology and Magneto-Telluric studies). The drill site will also provide 
new cores from selected depths and potential shales for porosity, water/hydrocarbon saturation 
of pore spaces; gas chemistry and contents for more reliable evaluations than is presently the 
case. This data will assist further in tracing potential leakages induced during fracking, and 
provide baseline facts about formation water and possibly other flow-back waters, as well as 
soil and ecosystem reactivity.  
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However, focus will have to be giv-
en primarily to understanding ear-
ly effects of hydraulic fracking 

through baseline studies within the con-
text of the  potential shale gas industry 
boom. This is a realistic goal that can be 
achieved within the next 2-4 years. The 

sites for scientific and geothermal goals 
will have to be undertaken as a secondary 
objective (time wise) relative to the con-
trolled hydraulic fracturing site. We im-
agine the entire project to take between 
5-10 years to complete and to operate for 
a further 2-3 decades. During that time, 

we anticipate local entrepreneurship  to 
take over the sites and expand the drilling 
technologies and training facilities with in-
dustry for Africa wide potential. 

 

Environmentally, this project must 
aim to ensure that the security of 
the Critical Zone is maintained and 

the quality of life and ecosystem services 
are not impacted. Economically, this pro-
ject will aim to ensure that the community 
can benefit from the anticipated shale gas 
development, by creating the skills that will 
render them useful within developing ser-
vices around SGD. Socially, this will aim to 
create a technical site where skills devel-
opment and transfer can be accomplished 
and directly focussed on the smaller com-
munities and farmers/game rangers with-
in the Karoo. In doing this, the project will 

have the effect of leaving a footprint for 
further developing and growing an inter-
est for the science and technology in a 
semi-rural/ peri-urban landscape as the 
Karoo; whilst at the same time providing a 
platform for ‘hard science’ to more mean-
ingfully engage with existing public inter-
ests in co-creating trustworthy and reliable 
information on the potential effects of SGD 
in the Karoo, and how best to manage and 
mitigate such risks. Academically the fo-
cus will be on stimulating advanced engi-
neering along the lines of centres like Delft 
University of Technology and the Earth and 
Environmental Institute Pennsylvania State 

University, as well as training of, and com-
munication with, rural communities, like 
the Marcellus Center for Outreach and Re-
search (MCOR) as part of the Pennsylvania 
State University’s shale energy education 
and research initiative (see footnote 17, 
p113). The geothermal and deep science 
wells will ensure integrated knowledge 
from local groundwater well technology to 
the generation of new energy skill  develop-
ments. It is clearly too early to supply de-
tails beyond a vision of creating a sort of 
‘Silicon Valley’ in the Karoo that we have 
refer to as ‘Camdeboo Heights’ (Figures 27 
and 28 ).

Is it worthwhile within a South African framework?
It has very realistic worthwhile impact toward implementing the SA National Development 
Plan, White Paper for Renewable Energy, Local Economic Developmental policies and 
Global Change Agenda and the recent NRP (2018). There have been initial discussions 
with the Department of Science and Technology, which expressed interest in the concepts. 
It is certainly worthwhile from an African perspective. We envisage for example to use 
the geothermal site drill rig for up to 4-6 km depths as a mobile facility, and thus become 
available for use across Africa using either a designed aircraft or overland, as is presently 
available in Germany and implemented in Sweden.

How will this benefit the Karoo community? 
Results of our baseline study will be shared with the communities in the Eastern Cape with whom 
we have built a strong trust relationship over the last 4 years. We have engaged with numerous 
municipalities and their executives as well as township leaders, farmers and indigenous (Khoi 
and San/ Oeswana) chiefs. AEON has held many round table discussions with local participants 
in Cradock, and started a citizen science project with 12 local youth, following a rigorous and 
ethical selection process together with the municipality leadership (Box 28). Some of these 
citizen scientists have been trained to collect water samples and communicate with us through 
the deployment of a specially designed APP on tablets provided by AEON (Box 28). This specific 
initiative, as part of an extension of the baseline study, will no doubt require further consultation 
with the various stakeholders across the Karoo, before it can grow into a larger program. 
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As outlined above the project 
will focus on three different 
drill site objectives. Beyond 
relatively short-time tests 
over a period of 4-7 years at 
the hydraulic fracturing site, 
the two other projects will 
focus on long term research 
and multiple applications over 
decades:

1.  Geothermal Energy – exploring and 
exploiting geothermal reservoirs 
and quantifying geothermal as a 
renewable energy source for South 
Africa and the potential implications 
toward climate change mitigation and 
energy security. This selected site 
near Craddock has been identified 
through our research as having a 

relatively high geothermal gradient. 

2.  Linked practical application such as 
exploring fracture sinks and reservoirs 
for sequestering of carbon and nuclear 
waste. 

3.  Scientific exploration – deep 
continental drilling into the Beattie 
magnetic anomaly, toward gaining 
a better understanding of the 
deep biosphere, the critical zone, 
groundwater systems, crustal 
geophysics, geodynamics and 
continental evolution; value of deep 
mineral resources and potential for 
deep geochemical mining of critical 
elements. 

4.  Development of leading-edge Science 
and Engineering hubs – this is in the 
framework surrounding a technical 
centre where local training and skills 

development can be undertaken and 
its effect on local economic and social 
development in the Karoo and Africa. 
For example, capability of transporting 
deep drill rigs and drilling equipment/ 
expertise across Africa by road, rail and 
air would be of significant advantage. 
This is presently possible with drill rigs 
that can reach depths of 5 km (e.g. the 
InnovaRig of Herrenknecht; see Ntholi 
2017; Ntholi and de Wit, 2018). 

5.  To serve as a scientific and 
technological platform (in terms 
of both infrastructure and human 
capacities) for the development of co-
created, publicly accessible information 
for evidence based monitoring and 
decision making in the Karoo, should 
government decide to proceed with 
Shale Gas Development in the Karoo 
(commencing with exploration).

This includes: 

1.   A Controlled Scientific Hydraulic 
Fracturing Site (CSFS) down to a 
depth of 3-4 km and a 1 km diameter 
horizontal lateral, including drilling and 
a  generic well design (as based on 
technical regulations in the Mineral and 
Petroleum Resources Development 
Act 2002 and the Government Gazette 
of June 2015), with a total cost of 
35- 50 million Euro  (much of the 
variation depends on the casing design 
and implementation). This can be 
completed within 6 months to a year. 
Whilst there are no rig contractors 
currently in South Africa to undertake 
such a drilling programme,  there are at 
least 5 international industry vendors 
capable of completing drilling and 

hydraulic  fracturing and well services. 

2.   A deep scientific drill site estimate 
costs of up to 500 million Euro, based 
on casing down to 9-10 km with 
selected diameters at different depths.  
Here, we must assume a large number 
(7) of casing string in order to be able 
to reach the planned  target depth 
below the magnetic anomaly at ±9.5 
km. This will translate into substantial 
drilling cost and times that we are 
only able to guess at this  stage. Our 
first shot at this drilling is two years of 
drilling time (minimum; and more likely 
5 years) at drilling costs well above 50 
million Euro. It will also require a very 
heavy rig of 1 to 1.2 million pounds 
hook-load capacity, which is probably 
not available in Africa, and might have 

to be specially manufactured for this 
purpose at estimated investment 
cost of 50-100 million Euro. The 
wellsite construction cost including 
the facilities, roads and  buildings plus 
supplies on location will have to be 
estimated locally; we would assume 
this to be in a  range of 100 million Euro  
also.

3.  Costings of the geothermal site, with a 
life span of 20 years and beyond will be 
in the order of  30-50 million  Euro, as 
based on our detailed analyses of such 
a potential in South Africa. Electricity 
produced by this site will be used for 
operating the Centre, and potentially for 
a larger Karoo community.  
Detailed cost estimations and designs 
are available on request.

How will the Centre test hydraulic fracturing; and 
what are the additional applications?

How much will it cost?
Preliminary calculations indicate this project will cost between 0.5 - 1 billion Euro.
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SUMMARY & 
PERSPECTIVES
 A relatively recent AEON drill hole into the potential gas-bearing shales in the 
baseline study area was successfully completed. In addition, all relevant Soekor 
boreholes have been re-examined and gas potential re-evaluated, as summarized 
in this report. From this work, and from a new drill hole financed through industry, 
it is clear that without further exploration drilling, further evaluating the potential 
of SG in the Karoo is not be possible. New strategies must be designed in context 
of new challenges linked to energy, climate change, and social injustice, as are all 
recognised by and in South Africa.

Recent events and critical signposts on the 
future of Karoo Shale Gas Development
During Shale Gas Public Consultation Sessions (i.e. Imbizos) hosted by the Department of Mineral 
Resources (DMR) in the Karoo towns of Cradock (EC), Richmond (NC) and Beaufort West (WC), 
on 21 January 2016, 30 March 2017 and 25 May 2017, respectively, the then Minister announced 
the possible commencement of exploration by the end of 2017, notwithstanding the heightened 
contestation, and court challenges surrounding the issue (DMR, 2017; Dentlinger, 2017; Etheridge, 
2017). Furthermore, the minister made the announcement in the absence of any detailed baseline 
research on the Karoo at the time (de Wit, 2011; ASSAf, 2016). However, exploration in the Karoo did 
not proceed as announced, and was further delayed by two separate legal challenges to the process 
brought against the existing Technical Regulations for Petroleum Exploration and Exploitation. 

The DMR having lost its initial court 
challenge against a consortium of 
Karoo farmers in the Grahamstown 

High Court (Douglas Stern N.O. vs 
Minister of Mineral Resources, Case 
No. 5762/2015) in October 2017, and 
thereafter in a separate case brought 
against the state by TKAG and Afri-
forum, successfully defended this court 
challenge against the Regulations for 
petroleum exploration and production in 
the North Gauteng High Court (TKAG and 

Another vs The DMR and Others, Case No. 
95261/15) in May 2018. It appears now 
that Government’s interest in pursuing 
evaluation of Shale Gas resources in the 
Karoo has not diminished. During that 
same month, May 2018, the Ministers 
for the DMR and the DoE (Energy) made 
announcements in their respective 
budget speeches before Parliament, 
which referred to the acceleration, and 
prioritisation, of processes related to SGD 
in the Karoo Basin (DMR, 2018a; DOE, 

2018a; Sidimba, 2018). Shortly thereafter, 
on 11 June 2018, the Minister for the 
DMR Gazetted a public notice for the 
Eastern Cape, Northern Cape and Western 
Cape Provinces for a pending decision in 
respect of applications for permitting of 
shale gas exploration in the Karoo (DMR, 
2018b).

Similarly, the recent release of the 
revised Integrated Resource Plan (IRP 
2018) for the country is also targeting 

1 1 2 A F R I C A  E A R T H  O B S E R V AT O R Y  N E T W O R K

F I G U R E  2 7 . 

Schematic view of an Africa Deep Earth 
Laboratory. Designing and economically 
evaluating a pilot rig for a scientifi cally 
controlled hydraulic fracturing site 
(CSFS) in the Karoo is central towards 
developing collaboration between AEON, 
Karoo Communities, government, NGO’s 
and Industry.

F I G U R E  2 8 A . 

Futuristic image of Cradock with 
drilling laboratories superimposed– the 
geothermal energy site is from a town 
in Finland; the superdeep scientifi c drill 
site from a rural area Germany and the 
shale gas hydraulic fracturing site from 
the USA.

F I G U R E  2 8 B . 

Regional map of southern Africa showing areas in the 
Karoo with exploration licenses (black rectangles) with 
AEON baseline research areas (orange, and all in the 
Eastern Cape Province) and the small white rectangle 
that represents the location surrounding Craddock 
for potential drilling laboratories(ST&ET Centre), 
including a Controlled Scientifi c Hydraulic Fracking Site 
(CSFS). The pale yellow and purple lines reveal deeply 
buried magnetic signatures (5-10 km below surface) 
of scientifi c interest linked to better understanding 
the deep crust below the Karoo. One of these images 
below Craddock is referred to as the Beattie Magnetic 
Anomaly, fi rst discovered in the early 1900s, and whose 
origin remains unknown. There is therefore great global 
scientifi c interest to reach this anomaly through deep 
scientifi c drilling. The Blue area covers the SKA region, 
and the Green area the UNESCO succulent Karoo 
heritage side, both of  which should be out of bounds 
for Shale gas development (ASSAf, 2016). 

HIGH TECHNOLOGY CENTER IN THE KAROO: THE CANDEBOO PLAIN

In the Northern Cape, potential gas-shale of the Whitehill Formation – 
black = exposed at surface; white = <1500 m below surface.
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Pursuing a form of democratized 
knowledge production that achieves 
the broadest goals of socio-ecological 
transformation for sustainability 
requires that critical social analysis 
be incorporated into the process  of 
ecological science, and that scientists 
trust and join in more extensive and 
explicit political mobilization, committing 
to work for change and reconciling their  
professional value systems with value 
systems more conducive to egalitarian 
social forms and sustainable ecological 
conditions.  

Furthermore, when expert-only 
knowledge guides political decisions 
about how landscapes and manscapes 
will be transformed, for what ends, and  
according to what cost-benefit logic, 
then knowledge hierarchies are likely 
to reinforce cultural hierarchies  and 
material inequalities. Scientific autonomy 
in the Karoo would be particularly 
problematic. 

Limiting the pool of environmental 
observations, ideas, and interpretations 
to those generated by professional  
scientists creating a bottleneck in 

“cognitive diversity” that slows the 
advancement of knowledge, channels 
knowledge production toward particular 
ends, and  leaves us ill-equipped to 
address future socio-environmental 
challenges. In this instance, separate 
development must be avoided at all 
costs. 

It must therefore confront the 
dominant social relations of knowledge 
production and regimes of  valuation, 
value extraction, and resource control. 
We think that reorienting ecological 
knowledge-production as praxis-based 
co-production offers the most hopeful 
way to better enact science for a 
“knowledge commons” (e.g. Puckett 
et al., 2012) that values effective and 
democratic environmental governance. 
It must therefore provoke new ways 
of thinking, being, and doing rooted 
in standards that do not privilege 
colonial commodification of all that can 
be commodified. Still, building more 
democratic systems of socio ecological 
knowledge production and governance 
do not involve erasing science, but 
merely reducing its privilege in order 
to promote a more evenly dialogical 
process. Thus, all of these activities 
attempt to create partnerships grounded 
in solidarity between scientists  and non-
scientists. 

But dialogically producing ecological 
knowledge and  governance requires 
significant changes in expert and 
non-expert social relations and self-
conceptions, as well as legal and 
institutional changes. Data sharing,  
and forging better social networks for 

volunteers, regulators and academic 
scientists voicing diverse perspectives 
and the focus on data and observations 
to keep conversations productive as 
has been successfully implemented in 
the Earth and Environmental Institute 
of Pennsylvania State University18  to 
provide, for example, a search engine for 
water (cf. CUAHSI; Brantley et al., 2018) 

A CSFS will test drilling and hydraulic 
fracturing in  the Karoo research site; and 
their potential additional applications/
implications beyond the shale gas  
industry (e.g. social-system services 
and socio-ecosystem services). The only 
way to do this is to perform controlled 
exploration drilling and multidirectional  
hydraulic fracturing with very precise 
standards of monitoring protocols, most 
notably various forms of geophysical and 
continuous hydrochemical testing across 
different time scales.  

Such developments will allow for the 
ongoing data collection and monitoring 
in real time, and ensure regulators, public 
interest organisations and industry  
have first-hand information on possible 
effects, and mitigation in response 
thereto. 

South Africa hosts one of the few, if not 
the only potential shale gas basin that 
has not yet been affected  by HVHF. It 
can therefore serve as a global baseline 
against which to standardise pre-
exploration and SGD. This is a unique 
opportunity to create a transdisciplinary 
database that can serve all. AEON has 
attempted to initiate this; but there is still 
a long way to go.

18   The Marcellus Center for Outreach and 
Research (MCOR) is Penn State’s shale 
energy education and research initiative 
serving all stakeholders including state 
and federal agencies, elected officials, 
communities, landowners, industry, and 
environmental groups. MCOR is committed 
to expanding research, advancing 
technology and providing science-based 
programming on shale energy resources 

that promotes environmental protection, 
economic stability, and energy security. 
“Marcellus Matters” is a multidisciplinary 
initiative to provide adults in rural 
Pennsylvania with opportunities to 
increase their knowledge of science, 
technology, engineering, and math (STEM) 
and engage in scientific inquiry and 
investigation through the lens of energy 
resources. Supported by the National 

Science Foundation, the project has four 
complementary activities: Marcellus 
Community Science Volunteer Program, 
Marcellus Community Science Network, 
Marcellus Community-Based Performance, 
and Marcellus Environmental Planning 
Workshops. Each is designed to emphasize 
different interests and learning styles. 
All are designed to increase participants’ 
knowledge of science and encourage 

constructive dialogue about complex and 
difficult issues. The Marcellus Center 
for Outreach and Research further aims 
to coordinate and facilitate programs of 
research and outreach and to address the 
complete range of issues presented by 
development of the Marcellus Shale and 
other gas shales (http://www.marcellus.
psu.edu/index.html).

Given the growing public 
concern, scepticism 
and negative response 
to hydraulic fracturing 
globally and in the Karoo 
specifically, there appears to 
be an increasing trust deficit 
between industry, regulators 
and the public. 

n
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an increase in the share of renewable 
energy  and gas within the country’s 
energy mix by 2050 (DOE, 2018b,c).
In other government statements in 
reference to the new economic stimulus 
programme  released earlier this year, 
as well as the state’s response plan to 
increased fuel costs there have been calls 
for the prioritisation of processes aimed 
at the explo ration, and exploitation of 
South Africa’s domestic energy resources. 
These included projects such as the 
numerous offshore and on-shore oil and 
gas projects. Most recent has been the 
push by government to withdraw the 
current draft MPRDA from Parliament, 
and the development of new and separate 
legislation for petroleum resources in the 
country (Creamer, 2018), which according 
to industry would provide the necessary 
policy certainty required for investment by 
producers (Kramer, 2018).

 These statements by policy makers, 
and politicians, seem to aspire towards 
a possible future US-like gas bonanza 
that may result in an economic boom  for 
decades, and might appear attractive 
at times of financial difficulties and 
heightened unemployment. However, 
environmental rights in particular with 
its emphasis on future generations, 
sustainable  development, and food 
security, human and environmental 
health across the Karoo will need to 
remain at the centre of the process 

(Glazewski and Esterhuyse, 2016). Critical 
to effective environmental monitoring 
and regulation of the process is detailed 
baseline data,  and scientific knowledge 
of the receiving environment prior to the 
commencement of exploration.  This is 
especially true given the experience in the 
Appalachians (USA) where early support 
for Unconventional Gas Exploitation 
(UGE), with late opposition responses 
had led to incomplete information, with 
the  full external impacts of SGD only 
still emerging. Thus, baseline studies 
remain central prerequisites.  Presently 
AEON is the only institution that is 
systematically pursuing this need for a 
reliable, independant  baseline grounded 
in field research and by data collection 
across the Karoo. AEON’s early approach 
is advocated as a necessary process 
in recent reports on potential shale gas 
development for South Africa (ASSAf, 
2016; Juta, 2016; SEA-CSIR, 2017) and is 
now also acknowledged by the national 
government of South Africa as being 
essential before the onset of further shale 
gas exploration.  

This early starter advantage will allow for 
sufficient baseline data for effective future 
monitoring and regulating of potential 
impacts in the basin – an advantage not 
generally available across existing Shale 
Gas extraction regions around the world. 
This ex-ante data  will prove essential not 
only for effective monitoring, but also in 
determining attribution in the case of any 
possible future impacts.  

Given the growing public concern, 
scepticism and negative response to 
hydraulic fracturing globally and in the 
Karoo specifically, there appears to be an 
increasing trust deficit between industry, 
regulators and the public. This has largely 
been fuelled by industry’s challenge in 
effective disclosure and information 
sharing, as well as contestation on the 
quality and type  of information available 
to an informed and technically astute 

public. This manifests in the nature of 
comments tabled by members of the 
public in their submissions  to both 
industry and regulators, and confirmed 
during AEON’s baseline research. All of 
this is alluding to a growing demand 
for increased voice and access within 
the process and for greater reliance on 
evidence based decision making by both 
industry and government decision-makers 
in effectively regulating the process. 

Given this trust deficit in the process to 
date, providing baseline evidence is not 
enough; there must be more objective, 
open to public scrutiny, impartial debate. 
To date, AEON has been able to take on 
this neutral role, with funding through 
national and provincial (Eastern Cape) 
government and Nelson Mandela 
University. In essence, as part of its 
baseline work, AEON inculcated an intense 
trust-building capacity ‘to open windows’, 
because if there is no openness and 
public voice and access in this process, 
the scientific data will not be trusted.  
Indeed, scientists’ near monopoly on 
“knowledge” has often exacerbated 
a failure to communicate with their 
fellow citizens and society  at large and 
hindered the progress of both effective 
science and effective policy. Conventional 
science is often not framed in ways that 
make it usable to provide the detailed, 
place-based knowledge necessary for 
community-based action and adaptation. 

To this end, AEON created a small group 
of transdisciplinary experts that will 
continue to take Critical Zone  exploration 
across the Karoo into the future based on 
reliable and testable evolving knowledge. 
This team does not rely only on scientific 
data. AEON’s transdisciplinary baseline 
program ensures that participants from 
different backgrounds work together to 
learn  about each other’s knowledge and 
implementation base, and indeed start 
inculcating each other’s results into their 
own projects through collective thinking. 

Given the growing public 
concern, scepticism 
and negative response 
to hydraulic fracturing 
globally and in the Karoo 
specifically, there appears to 
be an increasing trust deficit 
between industry, regulators 
and the public. 
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