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SAAG 2019 Biennial Conference: Programme and Abstracts 
 

Welcome and Overview 

 

Welcome to the Southern African Association of Geomorphologists (SAAG) 2019 biennial conference 

in Chintsa East, East London. SAAG has a history extending back over three decades. The Association 

originated from the Symposium on the Geomorphology of Southern Africa, held at the University of 

Transkei (now Walter Sisulu University) in Umtata (Mthata) from 8-11 April, 1988, and stems from 

discussions held at the First International Conference on Geomorphology held at the University of 

Manchester in September 1985 by inter-alia George Dardis, Bernard Moon and Heinz Beckedahl. The 

Symposium was preceded by an excursion through the then Transkei and was followed by a two-week 

excursion through southern Africa. This was only the second excursion of this nature, the first having 

been led by Walter Penck and Lester King early in the 20th Century. Both excursions had published 

field guides. The Symposium organizing committee consisted of Bernard Moon, George Dardis, Pat 

Hanvey and Heinz Beckedahl. The proceedings of the Symposium were pre-published by A.A. Balkema 

(Rotterdam) and distributed to delegates at registration. DARDIS, G.F. AND MOON. B. P. (Eds.), 1988: 

Geomorphological Studies in Southern Africa. A.A. Balkema, Rotterdam. The Symposium also saw the 

launch of the textbook MOON, B.P. AND DARDIS, G.F. (Eds.) 1988: The Geomorphology of Southern 

Africa, Southern Books, Johannesburg. 

 

This Symposium, together with the impending formation of the IAG (International Association of 

Geomorphology) [which occurred at the Second International Geomorphology Conference in 

Hamilton, Canada, in 1992] gave the necessary impetus for the launch of SAAG at the follow-up 

conference, which took place at the University of Bophuthatswana in Mafikeng (now part of the North-

West University) in 1990. Heinz Beckedahl was the first elected President supported by a Council 

comprising of a president-elect, secretary, treasurer and regional representatives. Council members 

and Presidents serve for two to four years and nominations are held at SAAG Annual General 

Meetings, scheduled during biennial conferences. A list of past Presidents and conferences appears 

on the SAAG website. With the past three conferences held in Namibia, Lesotho and Eswatini 

(Swaziland) the biennial conference returns to South Africa in 2019, some 30 years after the inaugural 

meetings.  

 

The SAAG 2019 Biennial Conference celebrates three decades of geomorphology in southern Africa. 

The 2019 meeting is convened by members of the Department of Geography and Environmental 

Science, University of Fort Hare and incorporates the IGU Commission COMLAND, for whom a special 

session is convened through Rhodes University. A special session also focusses on cosmogenic nuclides 

in geomorphology convened through the National Research Foundation iThemba LABS. The 

conference includes a pre-conference excursion, arranged through colleagues at the University of the 

Free State and Rhodes University. A post conference workshop convened by the Universities of 

Eswatini and Pretoria concludes the meeting.  

 

https://saageomorph.wixsite.com/saag
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General SAAG 2019 Conference Programme 

 

12-15 September Pre-Conference Excursion 

   Soil erosion in the Tsitsa River Catchment, Eastern Cape 

 

15 September   16h00  Registration desk opens at Arendsnes, Chintsa 

18h00 Meet-and-greet, Arendsnes 

 

16 September  08h00  Registration desk opens, uploading of presentations, poster hanging 

08h25  Conference Opening and Welcome Session 

    Keynote Address 

   09h50 Conference Morning Presentation Sessions and Poster Presentations 

    Special Session: Land Rehabilitation and Management (COMLAND)  

   14h00  Conference Afternoon Presentation Sessions 

   18h00 for 18h30 Evening Dinner 

 

17 September   08h25  Special Session: Cosmogenic Nuclides in Geomorphology  

    Conference Morning Presentation Sessions  

   14h00  SAAG Biennial General Meeting 

   18h00  for 18h30 Conference Dinner 

 

18 September   08h30  Post-Conference Workshop (ending 13h00)  

Erosion process, land degradation and rehabilitation 

    

http://www.arendsnes-chintsa.co.za/
http://www.arendsnes-chintsa.co.za/
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Pre-Conference Excursion 

Soil erosion in the Tsitsa River Catchment, Eastern Cape 
 

The Department of Human Settlements, Water and Sanitation is planning water resource 

development on the Tsitsa River, nested within the Mzimvubu River Catchment (the only large river 

network in SA without a dam). The problem is large parts of the catchment are severely eroded due 

to the presence of highly erodible soils. Not only are the gully erosion features spectacular (several 

kilometres long and over 100 m wide), gully erosion feeds massive amounts of sediment into the river 

network. Due to limited resources it will not be feasible to rehabilitate these gullies with large and 

costly structures. In order to implement resources and investments optimally, it is important to 

prevent further erosion by protecting areas that are not eroded. One of the research aims is to map 

susceptible/gully-free areas that are hydrologically connected. These susceptible areas, although 

gully-free, are hydrologically connected and consist of dispersive duplex soils that are highly erodible. 

Another approach currently used is unmanned aerial vehicle (UAV) technologies, utilizing 

photogrammetric payloads and freeware coupled structure-from-motion (SfM) photogrammetric 

software. Gullies are mapped in detail, including the extent of source areas where sediment is 

generated, as well as the spatial extent of storages where connectivity is reduced. Academic talks will 

be given at current study sites in the Tsitsa River Catchment, including one of the largest gullies in 

South Africa, as well as two very large (remote) waterfalls (Thina and Tsitsa Falls). During the 

excursion, there will be ample opportunity to discuss the implications and challenges of research in 

the Tsitsa River Catchment. The preconference excursion is led by Jay le Roux (University of the Free 

State) and Bennie van der Waal (Rhodes University). 

Conference Special Sessions 

 

Special session: Incorporating COMLAND  

 

COMLAND (Commission on Land Degradation and Desertification) is an International Geographical 

Union (IGU) commission that aims to promote and coordinate interdisciplinary research on land 

degradation and desertification in our changing global environment. COMLAND members meet at 

irregular intervals to partake in relevant conferences and field trips; these include IGU events but 

COMLAND also supports events such as the current SAAG conference. COMLAND field trips are a great 

way to meet a small group of colleagues in locations you would probably not go to otherwise. Like 

SAAG, membership is free and consists of an email list. The Commission can be contacted through the 

website - http://www.comland.org/about-comland.html. 

 

The current secretary is Owen Graham from Australia and Andrea Vacca from Italy is the current Chair. 

Kate Rowntree (Rhodes University) is a member of the Steering Committee and has helped to convene 

the COMLAND contribution Land Rehabilitation and Management to this SAAG meeting. 

 

Special session: Cosmogenic nuclides in geomorphology 

 

Stephan Winkler (NRF iThemba LABS) convenes a special session entitled: Cosmogenic nuclides in 

geomorphology. Dr Winker writes: If one is to look quantitatively at past time dynamics of landscape 

evolution requires methods to date landforms and events and assess erosion. One of the methods is 

http://www.comland.org/about-comland.html
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the measurement of stable and radioactive nuclides produced by cosmic radiation, both in the 

atmosphere and in rock minerals (“in-situ”). The measurement of some of these radionuclides has 

only been possible since 1980s – thanks to the development of accelerator mass spectrometry – and 

has since been used in ever-increasing new applications. Precipitous events of exposure and burial 

may be dated using these methods, but they can also be applied to quantify erosion of rock and soils. 

In this session we introduce those methods and look at South African landscapes by applying them.  

 

Post-Conference Workshop 

Erosion process, land degradation and rehabilitation 
 

The aim of the workshop, organised by Heinz Beckedahl (University of Eswatini and the University of 

Pretoria), is twofold. On the one hand, the intention is to keep the soil erosion topic alive and in the 

forefront of geomorphologists working in southern Africa, in keeping with several previous SAAG 

conferences. On the other hand, there is a great opportunity for geomorphologists to contribute (and 

to access some funding) through the efforts of the Department of Environment Affairs, Forestry and 

Fisheries in terms of the Land Degradation Neutrality Fund and associate sources.  

 

Much work has been done on documenting the nature and extent of land degradation (not ONLY soil 

erosion!) in the region, but relatively little work has been done relating to benchmarking rehabilitation 

and working towards establishing Best Management Practices, which would clearly need to be a multi-

disciplinary effort. This is particularly import when dispersive soils, such as those found locally, are 

also considered as many of the techniques currently recorded in the literature are not cost effective 

in the southern African context. The Soil Erosion Workshop, therefore, also aims to foster lively 

scientific debate and lay the groundwork for a hands-on workshop at a time to be agreed upon during 

2020.
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Conference Programme 

 

SAAG 2019 Biennial Conference, Chintsa East 

 

Monday 16 September 

 
08h00-08h25 Final registration, uploading of presentations and hanging of posters 
 
08h25-09h40  Opening session (Chair: Paul Sumner) 
 
08h25  Opening 
08h30   Welcome: Dr Ahmed Kalumba (HoD: Geography and Environmental Science, UFH) 
  Welcome: Dr Christel Hansen (SAAG President-Elect, UP) 
08h45   Keynote address: Professor Ian Meiklejohn (RU) 
  South African Geomorphological Research in Antarctica 
  
09h40-09h50  Break 
 
09h50-10h30  Session (Chair: Jay le Roux) 
 
09h50 Quantifying changes in surface water bodies in response to climate change on 

Marion Island (Maleho Sadiki, Christel Hansen and Michelle Greve)  
10h10  Landscape and climate interaction on Marion Island (Werner Nel and David Hedding) 
 
10h30-10h50 Tea 
 
10h50-12h15  COMLAND (Introduction and session chair: Kate Rowntree) 
 
10h55 Improving properties of natural and technogenic soils in Southern Africa through 

sustainable soil additives (Sandra Münzel)  
11h15 Peat fire - an erosion catalyst in southern African mires? (Piet-Louis Grundling and 

Althea Grundling) 
11h35  Modelling scenarios of soil properties and managements in olive groves at the micro- 

catchment scale with the AnnAGNPS model to quantify sediment carbon (EV Taguas, 
RL Bingner, RR Wells and HG Momm) 

11h55 Moving from land degradation assessment data to informed decision making at 
country level: a case study from South Africa (G.H.L. Lindeque and H.R. Beckedahl) 

 
12h15-13h00  Poster Introductions (Chair: Christel Hansen) 
 
South African Land Degradation Monitor (SALDI) – A new German – South African SPACES 

collaboration to advance land degradation assessments (Jussi Baade, Andreas Kaiser, 
Michael Geißler, Christiane Schmullius, Marcel Urban, Harald Kunstmann, Patrick Laux, 
Christoph Glotzbach, Ursula Gessner, Andreas Hirner, Huber Asamer, Ilse Aucamp, George 
Chirima, Mohamed A. M. Abd Elbasit, Izak Smit, Tercia Strydom, Adriaan van Niekerk, Jay le 
Roux, Moses A. Cho, Graham von Maltitz, Thandi Msibe and Eugene Hahndiek) 

Observations on the morphology and disintegration of thúfur in the alpine zone of the Lesotho 
Highlands, southern Africa (David Hedding, Carel Greyling, Werner Nel, Paul Sumner, Darren 
Rhett Calvert, Nhlamulo Curtis Mashimbye and Stefni Bierman) 
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A quantification of equipment bias in the measurement of rock degradation in tombstones by 
ultrasonics (Michael John Loubser) 

Characteristics and trends of rain days on sub-Antarctic Marion Island (1980-2018) (Fortunate 
Nomsa Mapuka) 

Aeolian processes and landforms at Mesrug on sub-Antarctic Marion Island (Abuyiselwe Nguna)  
The application of composite fingerprinting technology to identify sediment sources associated with 

erodible duplex soils in a catchment in South Africa (Marike Stander and Jay le Roux) 
A Review Caves in Granite and Granitoid Rock – the Case of Gobholo Caves in Eswatini (Swaziland) 

(Mthobisi Masilela, Heinz Beckedahl and Natalie Haussmann) 
Working with government to achieve integrated land rehabilitation and climate change response: a 

case study from the Tsitsa Project (Kate Rowntree) 
Physicochemical dynamics of the Soft Plume River on sub-Antarctic Marion Island (Kayla 

Schoenknecht) 
Thermal dynamics in mire ecosystems on Marion Island (Sibusiso Sinuka)    
AMS @ iThemba LABS – an Accelerator Mass Spectrometry facility for cosmogenic isotopes 

accessible to all researchers in South Africa (Stephan R. Winkler, Vela L. Mbele, Stephan 
Woodborne, and Simon Mullins)  

 
13h00-14h00  Lunch 
 
14h00-15h00  Session (Chair: Vela Mbele) 
 
14h00 New approaches to the study of gully erosion on the Campiña landscape in southern 

Spain (Carlos Castillo and Rafael Pérez) 
14h20 Reservoir siltation surveys as proxy for catchment scale soil erosion estimations (M. 

Geißler, G. Daut, H. Cawthra, A. Kaiser and J. Baade) 
14h40 Determining sub-catchment contributions to the suspended sediment load of the 

Tsitsa River, Eastern Cape, South Africa (Laura Bannatyne, IDL Foster, KI Meiklejohn 
and B van der Waal) 

 
15h00-15h20  Tea 
 
15h20-16h20 Session (Chair: Andreas Kaiser) 
 
15h20 Assessing landscape dust emission potential using combined ground-based 

measurements and remote sensing data (von Holdt, J.R.C., Eckardt, F.D., Baddock, 
M.C. and Wiggs, G.F.S.) 

15h40 Dust sources on Free State croplands (Heleen Vos, Wolfgang Fister, Nikolaus Kuhn, 
Frank Eckardt) 

16h00 Reservoir siltation, contemporary erosion and longer term denudation in Kruger 
National Park – Final results (Bastian Reinwarth, Eddie S. Riddell, Robin Petersen, 
Christoph Glotzbach, Jay le Roux and Jussi Baade) 
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Tuesday 17 September 

 
08h00-08h25 Uploading of presentations 
 
08h25-10h30  Cosmogenic nuclides in geomorphology (Chair: Werner Nel) 
 
08h30  Cosmogenic isotopes - opportunities for Southern African Geomorphology (Vela 

Mbele, Stephan Winkler, Rivoningo Khosa, Hendric Moabi, Khomotso Mthembu, 
Moshabi Silidi, Tebogo Makhubela, Jan Kramers, Sbusiso Konyana, Stephan 
Woodborne and Stephen Tooth) 

08h50 Quantifying the disappearance of the world’s oldest and largest impact crater using 
cosmogenic nuclides, Parys, South Africa (Rivoningo Khosa, Jan Kramers, Vela Mbele, 
Tebogo Makhubela, Stephan Winkler, Ashley Corbett, Paul Bierman, Stephen Tooth) 

09h10  Determination of erosion rates along the Eastern Escarpment using cosmogenic 10Be 
(Sibusiso M. Konyana, Jan D. Kramers, Tebogo V. Makhubela and Stephan R. 
Winkler) 

09h30  Extraction and inductively coupled plasma optical emission spectrometry of Be 
harvested from dolerites for processing cosmogenic 10Be (Hendric Moabi, Vela 
Mbele and Victor Tshivhase) 

09h50 Old soil on a young landscape in the Cradle of Humankind, South Africa: implications 
for denudation rates and burial ages (Tebogo V. Makhubela, Jan D. Kramers, Dirk 
Scherler, Hella Wittmann, Paul H. G. M. Dirks and Stephan R. Winkler) 

10h10 Implications of chronometric dating for coastline evolution, Holocene sea-level 
change, and the future of sandy coastlines on the Western Cape (Stephan 
Woodborne, Stephan R. Winkler, Mary Evans and Duncan Miller) 

 
10h30-10h50  Tea 
 
10h50-12h00  Session (Chair: Piet-Louis Grundling) 
 
10h50 First experiences with a physically-based erosion modelling approach in South 

African catchments using EROSION 3D (A. Kaiser, M. Geißler, M. Stander, J. le Roux, 
G. van Zijl and J. Baade) 

11h10 Historical gully erosion growth in the Lower Thina Catchment, Eastern Cape (Lerato 
Boihang and Christel Hansen) 

11h30 Soil erosion and rainfall erosivity in the Sneeuberg region of the Karoo (Kate 
Rowntree)  

 
11h50-12h00  10 minute break 
 
12h00-13h00  Session (Chair: Abuyiselwe Nguna) 
 
12h00  Topography, efficiency & GIS - what path is best? (Christel Hansen) 
12h20 Investigating the origin of a newly developed wetland in the Kgaswane Mountain 

Reserve, Rustenburg (Renée Grundling, Natalie Haussmann and Heinz Beckedahl) 
12h40 The hydrogeomorphic distribution of wetlands in Eswatini (Jason le Roux, Heinz 

Beckedahl, Althea Grundling, Piet-Louis Grundling and Paul Sumner) 
 
13h00-14h00  Lunch 
 
14h00-16h00  SAAG General Meeting (Chair: SAAG President - David Hedding)
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Conference Abstracts 

 

An interrogation of research on the influence of rainfall on gully erosion 

Ryan Anderson and Jay le Roux 

 

Exploring research over the past decade on the influence of rainfall on gully erosion reveals some 

debate on the role of extreme rainfall on gully development, with some studies suggesting large 

influences of extreme rainfall, while others show limited impacts. Aspects such as antecedent 

moisture, periodicity of extreme rainfall events and others are highlighted as areas that should be 

expanded upon with focus on single- and multiple events over varying temporal scales, including ENSO 

(El Nino Southern Oscillation) on periods. Several recommendations are put forward to address these 

needs as studies of the rainfall factor begin to expand in gully erosion studies, especially under 

agricultural intensification and climate change. The use of new technologies in gully erosion research 

is also highlighted including applications of object-based image analysis, drone/UAV technology and 

photogrammetric/digital surface modelling. The advent of these technologies offer considerable 

potential to assess the influence of rainfall events on gully development, especially in data poor 

countries.  

 

RL Anderson, Department of Geography, University of South Africa. 

Jay le Roux, Department of Geography, University of the Free State. 

 

South African Land Degradation Monitor (SALDI) – A new German – South African SPACES 

collaboration to advance land degradation assessments 

Jussi Baade, Andreas Kaiser, Michael Geißler, Christiane Schmullius, Marcel Urban, Harald 

Kunstmann, Patrick Laux, Christoph Glotzbach, Ursula Gessner, Andreas Hirner, Huber Asamer, Ilse 

Aucamp, George Chirima, Mohamed A. M. Abd Elbasit, Izak Smit, Tercia Strydom, Adriaan van 

Niekerk, Jay le Roux, Moses A. Cho, Graham von Maltitz, Thandi Msibe and Eugene Hahndiek 

 

South Africa is greatly affected by land degradation, partly due to the high variability of its climatic 

conditions, the strong population growth and resulting economic demands. Thus reaching a number 

of SDGs, like achieving food security (#2), access to clean water (#6), and the sustainable use of 

terrestrial (#15) and marine (#14) resources represents a clear challenge under the present global 

change pressures. Land degradation has been linked in South Africa to the terms veld degradation and 

soil degradation and has been addressed by numerous measures. But there is still uncertainty on the 

extent of human induced land degradation as compared to periodic climate induced land surface 

property changes.  

 

In cooperation with South African institutions and stakeholders (ARC-ISCW, SAEON, SANParks, SANSA, 

Stellenbosch University and University of the Free State, Equispectives Research and Consulting 

Services, Nuwejaars Wetlands SMA), the overarching goal of SALDi is to implement novel, adaptive, 

and sustainable tools for assessing land degradation in multi-use landscapes in South Africa. Building 

upon the state of the art in land degradation assessments, the project aims to advance current 

methodologies for multi-use landscapes by innovatively incorporating inter-annual and seasonal 

variability in a spatially explicit approach. SALDi takes advantage of the emerging availability of high 
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spatio-temporal resolution Earth observation data (e.g. Copernicus Sentinels, DLR TanDEM-X, 

NASA/USGS Landsat program), growing sources of in-situ data and advancements in modelling 

approaches. Particularly, SALDi aims to:  

i) develop an automated system for high temporal frequency (bi-weekly) and spatial resolution 

(10 to 30 m) change detection monitoring of ecosystem service dynamics, 

ii) develop, adapt and apply a Regional Earth System Model (RESM) to South Africa and 

investigate the feedbacks between land surface properties and the regional climate, 

iii) advance current soil degradation process assessment tools for soil erosion, as this process 

represents an intrinsic limiting factor for biomass production and other regulating, supporting and 

provisioning ecosystem services, like providing clean water. 

 

The aim of this presentation is to introduce this new three year cooperative research project to the 
southern African geomorphology community and to seek new opportunities for collaboration.  

 

SALDi homepage: https://www.saldi.uni-jena.de/  
 

Jussi Baade, Andreas Kaiser, Michael Geißler, Christiane Schmullius, Marcel Urban: Department of Geography, 

Friedrich-Schiller-University Jena, Germany. 

Harald Kunstmann, Patrick Laux: Institute of Geography, University of Augsburg, Germany. 

Christoph Glotzbach: Department of Geoscience, University Tübingen, Germany. 

Ursula Gessner, Andreas Hirner, Huber Asamer: German Aerospace Center (DLR), Wessling, Germany.  

Ilse Aucamp: Equispectives Research & Consulting Services, Erasmuskloof, South Africa.  

George Chirima, Mohamed A. M. Abd Elbasit: Agricultural Research Council, Institute for Soil Climate and 

Water (ARC-ISCW), South Africa.  

Izak Smit, Tercia Strydom: Scientific Services, Savanna and Arid Regions, South African National Parks 

(SANPARKs), Skukuza, South Africa.  

Adriaan van Niekerk: Centre for Geographical Analysis, Stellenbosch University, South Africa. 

Jay le Roux: Afromontane Research Unit, Natural and Agricultural Sciences, University of the Free State, South 

Africa.  

Moses A. Cho, Graham von Maltitz: Council for Scientific and Industrial Research (CSIR), Pretoria, South Africa. 

Thandi Msibe: Eskom, Planning and GIS CoE, Halfway House, Midrand, South Africa. 

Eugene Hahndiek: Nuwejaars Wetland Special Management Area, Bredasdorp, South Africa. 

 

Determining Sub-Catchment Contributions to the Suspended Sediment load of the Tsitsa River, 

Eastern Cape, South Africa 

L Bannatyne, IDL Foster, KI Meiklejohn and B van der Waal 

 

In Southern Africa, as in many developing regions, the suspended sediment data required to guide 

catchment restoration and rehabilitation are typically scarce or absent. For the Tsitsa River, models 

have been developed to estimate suspended sediment loads and yields, but require validation using 

measured data (currently being collected). Modelled and measured estimations could in turn be 

supported by sub-catchment scale load apportionment based on sediment fingerprinting techniques.  

 

Fine sediment (<2mm dia.) trapped in the interstices of river bed gravels were used to provide 

representative, time-integrated samples of transported sediment. Samples were taken upstream and 

downstream of major tributary junctions. A range of fingerprint properties including mineral magnetic 

gamma-emitting radionuclide, particle size, organic matter and geochemical signatures were analysed 

https://www.saldi.uni-jena.de/
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in order to provide a composite ‘fingerprint’ for the upstream tributaries from which to model source 

apportionment downstream of their confluence. Modelled and measured sediment loads will be 

compared with the outcomes of fingerprinting/ unmixing analysis to estimate the relative contribution 

of sub-catchments to the overall suspended sediment load of the Tsitsa River.  

 

L Bannatyne, KI Meiklejohn and B van der Waal: Geography Department, Rhodes University 

IDL Foster: Faculty of Arts, Science & Technology, University of Northampton, UK 

 

Historical gully erosion growth in the Lower Thina Catchment, Eastern Cape 

Lerato Boihang and Christel Hansen 

 

This study quantifies historical gully erosion for six time periods in the Lower Thina River Catchment 

in the Eastern Cape of South Africa. GIS and remote sensing were used to identify, map and quantify 

the lateral growth rate of four gullies within the catchment using high-resolution aerial and satellite 

imagery. Rainfall erosivity from three weather stations within the study area was calculated and land 

use change near the gullies identified. Growth rates were subsequently analysed together with 

dominant land use activities and the calculated climate variability for the area.  

 

Results reflect grazing, settlement and subsistence farming as major land uses with degraded and 

cultivated land and natural grassland as major land cover classes. Lateral growth rates of gullies range 

between 0 and 1.9 ha/year and a clear increment in surface area is evident for one of the four gullies. 

Similar to this is the variation in percentage of volume occupied by the gullies throughout time. A low 

inter-annual rainfall variation (CV < µ - σ ) and a uniform intra-annual distribution (PCI ≤ 10) are 

present, whereas rainfall erosivity (MFI) values are either moderate (90 < MFI < 120) or high (120 < 

MFI < 160). No association exists (p < 0.05) between weather stations and the respective annual 

rainfall across various time periods. Likewise, temperature is not affected by the year of occurrence 

(p < 0.05). This study provides insight on how land use activities, land cover and climate variability 

remain significant contributing factors to gully growth.   

 

Boihang, LM and Hansen, CD: Department of Geography, Geoinformatics and Meteorology, University of 

Pretoria, South Africa. 

 

New approaches to the study of gully erosion on the Campiña landscape in southern Spain 

Carlos Castillo and Rafael Pérez 

 

Gully erosion is a global menace to soil productivity in agricultural areas throughout the world. In 

southern Spain, gully erosion is a serious threat to farming on the Campiña landscape, characterized 

by a rolling topography on vertic soils growing annual crops. Not only gullies void gradually the 

waterways areas from fertile soil but also hamper farming operations making them slower and more 

dangerous. Although gully erosion has been a historic companion of farmers in this area, during recent 

decades soil degradation has reached unprecedented levels as a result of the intensification of 

agriculture. The management operations associated to this production system not only establishes 

the favourable conditions for this type of water erosion but also determines directly the evolution of 

drainage networks when earthmoving and filling operations are applied. In this communication, we 
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present this study case by: a) analyzing the main drivers behind and impacts derived from these acute 

gully erosion processes; b) discussing new methodologies applied to the measurement of gully erosion 

involving terrestrial and aerial photogrammetric approaches; c) showing the preliminary results of a 

low-cost bioengineering approach for gully control based on the implementation of native woody 

hedges (vegetation barriers) in combination with small check dams structures made of renewable 

materials.  

 

Carlos Castillo: Dept. of Rural Engineering, University of Cordoba, Spain. 

Rafael Pérez: Dept. of Rural Engineering, University of Cordoba, Spain. 

 

Reservoir siltation surveys as proxy for catchment scale soil erosion estimations 

M. Geißler, G. Daut, H. Cawthra, A. Kaiser and J. Baade 

 

Human induced soil erosion, a major concern in the context of land degradation, poses a threat to 

agricultural production and water resources in South Africa, as soil erosion removes soil from arable 

land and the eroded soil reduces reservoir storage capacities. Sedimentation can result in serious 

environmental problems and socio-economic losses considering the dependence on water stored in 

reservoirs for potable water, irrigation, hydropower production and flood control purposes. The South 

African Land Degradation Monitor (SALDi) addresses the issue of soil erosion by providing updated 

assessments of medium-term sediment yield rates based on the assessment of reservoir siltation. 

Seismic surveys of reservoirs, previously analysed by ROOSEBOOM (1992), will be executed, to derive 

medium-term sediment input rates, reservoir water storage capacity loss and establish time series on 

contemporary sediment yield trends back to about 1960. Seventeen reservoirs, located in four study 

areas across the country, will be measured. The study areas represent the climate gradient through 

South Africa and thus provide information about the influence of the climate on soil erosion processes 

in the country. The resulting sedimentation rates and projected catchment erosion rates will be 

implemented in adapting and validating the physically-based soil erosion model EROSION 3D for 

medium sized catchments in South Africa.   

 

M. Geißler: Department of Geography, Friedrich-Schiller-Universität Jena, D-07743 Jena, Germany 

G. Daut: Department of Geography, Friedrich-Schiller-Universität Jena, D-07743 Jena, Germany 

H. Cawthra: African Centre for Coastal Palaeoscience, Nelson Mandela University, South Africa 

A. Kaiser: Department of Geography, Friedrich-Schiller-Universität Jena, D-07743 Jena, Germany 

J. Baade: Department of Geography, Friedrich-Schiller-Universität Jena, D-07743 Jena, Germany 

 

Observations on the morphology and disintegration of thúfur in the alpine zone of the Lesotho 

Highlands, southern Africa 

 

David Hedding, Carel Greyling, Werner Nel, Paul Sumner, Darren Rhett Calvert, Nhlamulo Curtis 

Mashimbye and Stefni Bierman 

 

Thúfur (earth hummocks, pounus) are common in the Lesotho Highlands of southern Africa. However, 

many thúfa mounds exhibit signs of disintegration in this marginal periglacial environment. Therefore, 

this paper investigates thúfur morphology in the context of disintegration. Field measurements 

encompassed four sites near Sani Pass, Lesotho, at altitudes from 2800 m to 3050 m. A total of 200 



Abstracts SAAG Conference 2019 P a g e  | 12 

thúfur were measured for height (av = 0.15 m), cross-slope diameter (av = 0.46 m) and downslope 

length (av = 0.36 m). Additionally, measurements completed on a 2x2cm Digital Elevation Model 

(DEM) confirmed this result. Measurements and field observations confirm the general description of 

external thúfa morphology in the Lesotho Highlands. Thúfa mounds typically represent oblate 

spherical domes, although some documented thúfa mounds exhibit complex morphologies. Contrary 

to previous research, larger mounds do not necessarily elongate in the downslope direction but rather 

coalesce cross-slope. Thúfa mounds are associated with wetlands where increased soil moisture 

facilitates thúfur growth. Observations indicate that thúfur breakup occurs on the periphery of 

wetlands where moisture supply is more variable and may provide evidence for recent climatic 

amelioration. 

 

David William Hedding, Abraham Carel Greyling, Darren Rhett Calvert, Nhlamulo Curtis Mashimbye and Stefni 

Bierman: Department of Geography, University of South Africa, South Africa 

Werner Nel and Paul Sumner: Department of Geography and Environmental Science, University of Fort Hare, 

South Africa. 

 

Peat fire - an erosion catalyst in southern African mires? 

Piet-Louis Grundling and Althea Grundling 

 

Peatlands and mires compose 50% of the world’s wetlands. However, less than 10% of SA’s wetlands 

may be peatlands. Peatlands are unique features in our dry landscape, more so in the drier western 

and northern parts of the country where a vast natural water deficit occurs due to high 

evapotranspiration rates. Peatlands cover 3% of the world's land area and with a third of terrestrial 

carbon are amongst the most effective terrestrial ecosystems in storing carbon. However, carbon 

dioxide emissions from degraded peatlands through erosion, drainage, fires and exploitation is a major 

and growing environmental concern and are estimated to an equivalent of 10% of global fossil fuel 

emissions. 

 

A spate of peat fires was reported in southern African mire during the past two decades peaking in 

the recent regional drought with reports from various provinces in South Africa, Eswatini and Namibia. 

Causes relate to water abstraction disrupting surface and groundwater water flow; drainage as a result 

of erosion and agriculture, catchment degradation and stormwater flows. Peat fires mostly spread 

along a network of desiccation cracks, driving off moisture, thereby enabling burning in depth to the 

water table resulting in thick ash layers. However, extensive ash layers are not evident in peat profile 

investigations across the region. Furthermore, when these sites are assessed post fire ash layers are 

found to be diminished. This presentation focuses on the role of peat fire as an agent not only 

triggering but also catalysing erosion of sediment from peatlands by wind and water. 

 

Piet-Louis Grundling: University of Free State, Centre for Environmental Management; Department of 

Environmental Affairs, South Africa. 

Althea Grundling: Agricultural Research Council - Institute for Soil, Climate and Water, Applied Behavioral 

Ecology and Ecosystem Research Unit, University of South Africa, South Africa. 
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Investigating the origin of a newly developed wetland in the Kgaswane Mountain Reserve, 

Rustenburg 

Renée Grundling, Natalie Haussmann and Heinz Beckedahl 

 

Wetlands are globally recognised as one of the five important ecological systems on earth as well as 

being the most threatened. They form part of a diverse range of habitats and plays an important role 

in the hydrological cycle. It is therefore critical to understand the hydrogeomorphic setting, water 

sources and management of these systems. In 2015, a new wetland was observed in the Kgaswane 

Mountain Reserve, Rustenburg. Speculation ensued that this wetland might be the product of 

fractured flow caused by a 5.5 magnitude earthquake event in 2013. The aim and objectives of this 

project is to classify, delineate and investigate the wetland and its origin. Methodology will include 

delineation, hydrogeomorphic and soil sample classification with water ion composition analysis; as 

well as in field temperature and electric conductivity measurements. Desktop studies of geology maps 

and land use change with historical satellite imagery interpretation will be used.    

 

Grundling, R.E. and Haussmann, N.S., Department of Geography, Geoinformatics and Meteorology, University 

of Pretoria. 

Beckedahl, H., Department of Geography, Environmental Science and Planning, University of Eswatini.; 

Department of Geography, Geoinformatics and Meteorology, University of Pretoria. 

 

Topography, efficiency & GIS - what path is best? 

Christel Hansen 

 

The City of Tshwane Metropolitan Municipality (CTMM) currently has 19 nature reserves accessible 

to the public. These reserves function as green spaces where citizens engage in recreational activities, 

including walking, hiking, and trail running. While trails are delineated, none of the current CTMM 

nature reserve maps assign a difficulty level to any of their hiking trails. High resolution DEM’s (1 m) 

allow for a quantitative assessment of trails using morphology and the hiker function, based on 

metabolic rate, subject weight, load, velocity, slope, and a terrain coefficient, to determine energy 

expenditure per trail, allowing for the assignation of a difficulty level per trail.  

 

This paper uses the case study of the Moreletakloof Nature Reserve (i.e. Rademeyers) to model energy 

expenditure for designated walking trails and assigns these to a difficulty level. Results contribute to 

better management and decision support for the green spaces of the CTMM, as well as a more 

informed public. Furthermore, results suggest the applicability of the hiker function and GIS modelling 

in identifying suitable hiking trails using a least-cost approach. 

 

Christel D Hansen: Department of Geography, Geoinformatics and Meteorology, University of Pretoria, Africa. 

 

Avoiding degradation, the importance of soil erodibility 

Jay le Roux and Bennie van der Waal 

 

The Mzimvubu River Catchment is the only large river network in South Africa without a dam, but 

proposals for water resource development in the Tsitsa tributary (at Ntabelanga and Laleni) have been 
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put forward. However, the Tsitsa River Catchment consists of highly erodible soils with widespread 

soil erosion evident. Soils have a marked increase in clay content from the topsoil to subsoil and have 

an abrupt transition with respect to texture, structure and consistence. These soils limit intrinsic 

permeability since water does not move readily into the subsurface matrix, which leads to increased 

subsurface flow causing tunnel erosion. In addition, the subsurface matrix of duplex soils is often 

dispersive as a result of high sodium absorption. Rehabilitation structures in these soils will enhance 

subsurface accumulation of water and cause further erosion. Therefore, it is important to prevent 

further erosion by protecting areas that are not eroded. Areas that are not eroded need to be 

identified, especially areas that are susceptible to erosion. This study mapped areas that are 

susceptible to gully development but which are still gully-free. This was achieved by modelling 

drainage paths with a large contributing area and dispersive duplex soils in a GIS. The main outcome 

of this study is a map of gully-free areas that are susceptible to gully development in the Tsitsa River 

Catchment. More than 9 000 ha (5%) of the catchment is highly susceptible to further gully 

development. If not protected, these susceptible areas will contribute additional sediment loads to 

the river network.   

 

Jay le Roux: Department of Geography, University of the Free State. 

Bennie van der Waal: Geography Department, Rhodes University. 

 

The hydrogeomorphic distribution of wetlands in Eswatini 

Jason le Roux, Heinz Beckedahl, Althea Grundling, Piet-Louis Grundling and Paul Sumner 

 

The Kingdom of Eswatini (formerly known as Swaziland) is currently drafting their first ever wetland 

policy. This comes six years after the country signed the Ramsar Convention, and up to date there is 

currently a dearth of information relating to the wetlands of Eswatini. Based on Hydrogeomorphic 

principles, the following research used and adapted a new wetland mapping technique, developed in 

South Africa to aid their National Wetland Inventory, to map the wetlands across Eswatini. However, 

a characteristic of the mapping technique is that it fails to distinguish true wetlands from other 

watercourses (rivers, riparian areas and drainage lines).  
 

The study used this characteristic to map all the watercourses in Eswatini, and proceeded to used 

environmental variables to differentiate true wetlands from other watercourses, as well as to classify 

wetlands according to hydrogeomorphic principles. Given that Eswatini is a relatively small country 

and is underlain by rocks of the Paleoarchean, Mesoarchean, Neoarchean and Phanerozoic era (3500 

Million-300 million years old), as well as ranges in elevation from over 1800 m.a.s.l. to under 100 

m.a.s.l, wetlands across the country varied considerably, with their distribution relying heavily on 

geomorphic controls. 

 

Jason le Roux: Department of Geography, Geoinformatics and Meteorology, University of Pretoria; Centre for 

Wetland Research and Training (WETREST), South Africa. 

Heinz Beckedahl: Department of Geography, Environmental Science and Planning, University of Eswatini 

(Swaziland); Department of Geography, Geoinformatics and Meteorology, University of Pretoria. 

Althea Grundling: Agricultural Research Council - Institute for Soil, Climate and Water; Applied Behavioural 

Ecology and Ecosystem Research Unit, University of South Africa. 

Piet-Louis Grundling: Department of Environmental Affairs, Natural Resource Management; Centre for 

Environmental Management, University of the Free State. 

Paul Sumner: Department of Geography and Environmental Science, University of Fort Hare. 
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First experiences with a physically-based erosion modelling approach in South African catchments 

using EROSION 3D 

A. Kaiser, M. Geißler, M. Stander, J. Le Roux, G. van Zijl and J. Baade 

 

Land degradation is subject to various fields of research with soil science being only one discipline out 

of many. Besides other soil related factors, the loss of fertile topsoils through erosion is among the 

most important and striking aspects of land degradation globally and particularly across southern 

Africa.  

 

Within the research project SALDi (South Africa Land Degradation Monitor) as a joint venture between 

German and South African research institutions, a focus is put on high resolution (spatial and 

temporal) soil erosion modelling with the physically based erosion model EROSION3D. To generate 

input parameters for the model, heavy rainfall events will be simulated in the field with a mobile 

rainfall simulator. Additionally, unmanned aerial vehicle (UAV) and terrestrial laserscanning (TLS) 

surveys are carried out to acquire detailed surface information at high resolution. This first application 

of EROSION 3D in southern Africa will be tested and validated in small catchments and subsequently 

upscaled to medium-sized catchments to compare findings from model runs and bathymetry reservoir 

siltation surveys. 

 

This contribution presents an overview of the research concept, first results from field work and 

preliminary model test runs with EROSION 3D. Improvements in modelling accuracy are expected to 

result from rainfall simulations and a digital soil mapping approach within a small catchment.  

 

A. Kaiser: Dept. of Physical Geography, Friedrich-Schiller-Universität Jena, Germany 

M. Geißler: Dept. of Physical Geography, Friedrich-Schiller-Universität Jena, Germany 

M. Stander: Dept. of Geography, University of the Free State, Bloemfontein, South Africa 

J. le Roux: Dept. of Geography, University of the Free State, Bloemfontein, South Africa 

G. van Zijl: Unit for Environmental Sciences and Management, North West University, Potchefstroom, South 

Africa  

 

Quantifying the disappearance of the world’s oldest and largest impact crater using cosmogenic 

nuclides, Parys, South Africa 

 Rivoningo R. Khosa, Jan D. Kramers, Vela L. Mbele, Tebogo V. Makhubela, Stephan R. Winkler, 
Ashley B. Corbett, Paul R. Bierman, Stephen Tooth 

 
There are limited studies measuring erosion rates along the Vaal River in the Vredefort Dome. This 
study uses 10Be and 26Al, to investigate the erosion rates along the Vaal River and adjoining areas for 
both granitoid and quartzite bedrock. The results indicate erosion rates along the river for the 
quartzite and granitoid samples of 3.08 and 3.05 m/Ma, respectively on average. The quarzite samples 
show a huge variability in the erosion rates that seemed to depend on the various factors including 
the sample altitude. These samples were mainly collected from old, now elevated strath terraces. In 
the banana 26Al/10Be ratios vs. 10Be plot concentrations both lithologies indicate constant exposure 
than steady erosion. If the cosmogenic ages are interpreted as yielding exposure ages, then these 
range from 0.23 to 0.79 Ma. Apparent surface exposure for these yielded an exposure age range of 
0.27 to 0.37 Ma. Erosion rates in the river bed are relatively the same for the two lithologies. This can 
be explained by the fact that the river is anabranching in the granitoids, changing its trajectory from 
time to time, while in the quartzites it is confined to a narrow, more permanent channel.  
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Rivoningo Khosa: Department of Geology, University of Johannesburg, South Africa. 

Jan Kramers: Department of Geology, University of Johannesburg, South Africa. 

Vela Mbele: TAMS Department, iThemba LABS, South Africa. 

Tebogo Makhubela: Department of Geology, University of Johannesburg, South Africa. 

Stephan Winkler: TAMS Department, iThemba LABS, South Africa. 

Ashley B. Corbett: Department of Geology, Resources University of Vermont, Burlington, VT 05405. 

Paul Bierman: Department of Geology, Resources University of Vermont, Burlington, VT 05405. 

Stephen Tooth: Department of Geography and Earth Sciences, Aberystwyth University, Wales, UK. 

 

Determination of erosion rates along the Eastern Escarpment using cosmogenic 10Be 

Sibusiso M. Konyana, Jan D. Kramers, Tebogo V. Makhubela and Stephan R. Winkler 

 

Erosion rates of the Great Escarpment have previously been estimated for the Drakensberg in 

Kwazulu-Natal Province and the southern parts in the Eastern and Western Cape Provinces. In this 

study, we use in situ cosmogenic 10Be to estimate the erosion rates of the Eastern Escarpment in the 

Mpumalanga and Limpopo Provinces and Eswatini (Figure 1 – see link below). To do this, we sampled 

6 river sediments to determine catchment-wide denudation rates and 5 outcrops to assess local 

bedrock erosion rates (Figure 1 – see link below). Pure quartz was separated from these samples and 

extraction of in situ 10Be were carried out, for the first time in South Africa, at the University of the 

Witwatersrand’s Isotope Geochemistry Laboratory. The measurements of the 10Be/9Be ratios were 

carried out using the Accelerator Mass Spectrometer at the NRF iThemba LABS in Johannesburg.  

 

The 10Be concentrations of the outcrop samples (0.22×106 and 0.65×106 atoms per gram (at g-1)) 

yield erosion rates between 10 and 24 m/Ma. One outcrop sample yield an outlier value of 4.15×106 

at g-1, which we have interpreted to represent an exposure age of 368 ± 28 ka instead of erosion rate. 

The 10Be concentrations of the river sediments (0.91×106 - 2.93×106 at g-1) yield erosion rates 

between 3.6 and 6.8 m/Ma. Outcrop samples show a large spread of high and localized erosion rates 

whereas river sediment samples show a small spread, which is consistent with catchment-wide 

erosion rates in the Kruger National Park area below the escarpment and other regions in southern 

Africa. 

 

https://drive.google.com/open?id=1g4XnX3wpcFLIdNxvlUilnGzhAbqne1Kv  

 

Sibusiso M. Konyana, Jan D. Kramers (corresponding author jkramers@uj.ac.za) and Tebogo V. Makhubela: 

Department of Geology, University of Johannesburg. 

Stephan R. Winkler: NRF iThemba LABS. 

 

Moving from land degradation assessment data to informed decision making at country level: a 

case study from South Africa 

G.H.L. Lindeque and H.R. Beckedahl 

 

Protecting ecosystems against land degradation and the rehabilitation of degraded areas requires 

spatial assessment data on the state, causes and impacts of land degradation on ecosystem services. 

Too often these kinds of assessments and the assessment data are under-utilized by decision makers. 

This leads to poorly informed decisions, not attending to the real priorities for intervention; not 

https://drive.google.com/open?id=1g4XnX3wpcFLIdNxvlUilnGzhAbqne1Kv
mailto:jkramers@uj.ac.za
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addressing the real causes of land degradation and eventually having little to no impact in protecting 

and rehabilitating both land cover and ecosystem services at a realistic scale. Without interventions 

that improve the use and application potential of land degradation assessment data at the national 

and regional level, countries are unlikely to be able to meet the targets set to contribute towards Land 

Degradation Neutrality by 2030.  

 

This paper will explain the development and use of three composite indexes, (a Land Degradation 

Index, a Conservation Index and a Sustainable Priority Index for agro-ecosystems) to demonstrate the 

move from merely having assessment data to informed decision making. The work also demonstrates 

the analysis and presentation of data from the last national land degradation assessment data for 

South Africa to inform decision making at national and sub-national (provincial) level. Informed 

decision making revolves mainly around the identification of priority areas for intervention, but also 

focusses on guiding decision-makers towards the design of suitable and sustainable future responses 

to address the problems of land degradation at country level. The paper illustrates how such priority 

areas may be determined and identified using the above indices.  

 

G.H.L. Lindeque: UNDP, Pretoria, South Africa (corresponding Author: Lehman.Lindoque@UNDP.org). 

H.R. Beckedahl: University of Eswatini, Kwaluseni, Eswatini (formerly Swaziland), University of Pretoria, South 

Africa. 

 

A quantification of equipment bias in the measurement of rock degradation in tombstones by 

ultrasonics 

Michael John Loubser 

 

Cemeteries have the potential to be used as time series laboratories in the investigation of rock 

degradation rates. Unfortunately, tombstones have cultural significance and cannot be directly 

sampled, making it necessary to use non-destructive measurement techniques. Ultrasound is a 

relatively new and promising technology that allows for the assessment of tombstones. However, due 

to its state-of-the-art nature, appropriate boundary conditions for the use of this equipment have not 

yet been determined. The aim of this study is to evaluate the effects of equipment bias on ultrasonic 

measurements of tombstones at Cullinan Main Cemetery in Tshwane, South Africa. Ultrasonic pulse 

velocities were determined for 30 tombstones in the cemetery with standard transducers, as well as 

with transducers specifically designed for use on rough surfaces and the results were compared. It 

was found that the standard sensors over-estimated the degree of rock degradation on tombstones 

with rougher surfaces, as their wide base did not allow for a snug fit against the stone, which created 

air gaps and slowed down the pulse. It is therefore likely that a researcher using only standard sensors 

would predict a more aggressive rock degradation regime than was actually in effect. Any studies that 

make use of ultrasonic techniques must ensure that the appropriate transducer is used for the for 

field scenario that is to be investigated. Future studies into equipment bias should investigate the 

exact delimitations of the various sensors in order to develop a standardised protocol under which 

this equipment may be used with consistency.  

 

Michael Loubser: Department of Geography, Geoinformatics and Meteorology, University of Pretoria 
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Old soil on a young landscape in the Cradle of Humankind, South Africa: implications for 

denudation rates and burial ages 

Tebogo V. Makhubela, Jan D. Kramers, Dirk Scherler, Hella Wittmann, Paul H. G. M. Dirks  

and Stephan R. Winkler 

 

In situ cosmogenic nuclides are an important tool for quantifying landscape changes and dating fossil-

bearing deposits in the Cradle of Humankind (CoH), South Africa. This technique mainly employs 

cosmogenic 10Be in river sediments to estimate denudation rates and the 26Al/10Be ratio to constrain 

ages of sediment burial. Here, we use in situ 10Be and 26Al concentrations in bedrock and soil above 

the Rising Star Cave (the discovery site of Homo naledi) to constrain the denudation rate and the 

exposure history of soil on the surface. Further, we use exposure ages and a numerical method to 

quantify the surface residence times of the soil. 

 

Apparent 10Be-derived denudation rates obtained from pebble- to cobble-sized clasts and coarse-

sand in soil (on average 3.59 ± 0.27 m/Ma and 3.05 ± 0.25 m/Ma, respectively) are 2-3 times lower 

than the bedrock denudation rates (on average 9.46 ± 0.68 m/Ma). In addition, soil samples yield an 

average 26Al/10Be ratio (5.12 ± 0.27) that is significantly lower than the surface production ratio of 

6.75, which suggests complex exposure histories (Figure 1 – see link below). Our results are consistent 

with prolonged surface residence of up to 1.5 Ma in vertically mixed soils that are up to 3 m thick. In 

consequence, catchment-wide denudation rates based only on 10Be in stream sediments in the CoH 

are likely underestimated. In addition, burial ages of cave sediment samples that consist of an 

amalgamation of soil-sized quartz grains could be overestimated if pre-burial 26Al/10Be ratios 

calculated from the surface production ratio are assumed.  

 

https://drive.google.com/open?id=1Fe6DflVTLchvJpyJCC7EKYfO_O_d4x8U  

 

Tebogo V. Makhubela: Department of Geology, University of Johannesburg. 

Jan D. Kramers: Department of Geology, University of Johannesburg. 

Dirk Scherler: GFZ German Research Centre for Geosciences, Potsdam, Germany; Institute of Geological 

Sciences, Freie Universität Berlin, Berlin, Germany. 

Hella Wittmann: GFZ German Research Centre for Geosciences, Potsdam, Germany 

Paul H. G. M. Dirks: Department of Geosciences, College of Science and Engineering, James Cook University, 

Townsville, Queensland, Australia; School of Geoscience, University of the Witwatersrand, 

Johannesburg, South Africa. 

Stephan R. Winkler: NRF iThemba LABS (Gauteng), WITS, Johannesburg, South Africa. 

 

South African Geomorphological Research in Antarctica. 

Ian Meiklejohn 

 

South African Geomorphological research in Antarctica grew out of early Geological Surveys in 

Western Dronning Maud Land, investigations on Sub-Antarctic Marion Island, together with research 

conducted in the Antarctic Peninsula and Maritime Antarctic through the British Antarctic Survey.  Key 

research was initially on rock weathering and landform development. The exploratory work was 

acknowledged internationally in the naming of a Natal Ridge on Alexander Island in recognition of the 

work by two academics from the University of Natal. 

https://drive.google.com/open?id=1Fe6DflVTLchvJpyJCC7EKYfO_O_d4x8U
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Broader Antarctic research efforts have gained prominence due to the Continents position as a “global 

early-warning” system and concerns of the impact of warming on melting icecaps and the consequent 

rise in sea-levels. Current melting of the West Antarctic ice sheet and on East Antarctic ice-shelves is 

similar to Pleistocene and Pliocene palaeo-records when global CO2 levels were the same as they are 

now, and sea-levels rose by approximately 23 metres.  Given this context, the geomorphological 

research efforts conducted under the South African National Antarctic Programme are a small part of 

the greater “jigsaw puzzle” where investigations are based on the terrestrial environments on the 

small exposures on nunataks in the areas accessible from the SANAE IV Station.  

 

An inventory has been established for part of Western Dronning Maud Land that includes The 

locations, orientations, and dimensions of thermal contraction polygons, frost cracks, sorted patterns, 

blockfields, rock glaciers, solifluction terraces, and frost mounds were mapped and recorded as part 

of an inventory that could be utilised for future periglacial research. The distribution, type and size of 

landforms was found to be dependent on the underlying geology, local topography, and moisture 

availability. The research undertaken provides a baseline for long term active-layer and permafrost 

monitoring as well as the impact of geomorphology on providing a habitat for the colonisation of 

biodiversity. 

 

Since the International Polar Year in 2007 and 2008, the active-layer and permafrost thermal regimes 

in accessible parts of Western Dronning Maud Land have been monitored as part of international 

efforts in the northern and southern Polar Regions. Data recorded has contributed to the Antarctic 

Permafrost and Soils group of SCAR and the International Permafrost Association (IPA), as well as the 

Global Terrestrial Network for Permafrost (GTN-P).  An initial evaluation of temperatures was 

conducted in 2010 by Vieira et al., followed by an active-layer synopsis (Hrbáček et al. 2018) and an 

evaluation of permafrost temperature trends over the last decade (Biskaborn et al. 2019).  While 

measurements from Antarctica are sparse, the relatively short period of monitoring in the 

Ahlmannryggen and Jutulsessen show that permafrost temperatures are increasing and that the active 

layer is thickening. Thermal and moisture regimes show seasonal variability common to all locations 

with strong signals that were synchronous with Southern Ocean seasonal influences. Additionally, 

seasonal and annual depend on the distance of a site from the continental margins, the length of 

daylight, and altitude. Data indicate that shorter-term intra-seasonal variability was influenced by 

synoptic-scale weather, boundary layer climate and topographic influences.  The Ahlmannryggen 

clearly operates under different synoptic systems to the Jutulsessen areas.  

The results of our studies are in line with a global analysis that shows Antarctic Permafrost warming 

at 0.37±0.1°C.dec-1 and global Permafrost at 0.31±0.1°C.dec-1 (Biskabon et al. 2019).  It is not 

immediately clear if the observed trends represent short-term variations, or if they signify long-term 

warming.   When considered together with ice-mass balance studies and sea-ice trends, it is most likely 

that the trends observed from borehole data in Western Dronning Maud Land are part of a content-

wide warming that represents a warning to Humanity. 

 

Biskaborn, B.K., Smith, S.L., Noetzli, J., Matthes, H., Vieira, G., Streletskiy, D.A., Schoeneich, P., 

Romanovsky, V.E., Lewkowicz, A.G., Abramov, A., Allard, M., Boike, J., Cable, W.L., Christiansen, 

H.H., Delaloye, R., Diekmann, B., Drozdov, D., Etzelmüller, B., Grosse, G., Guglielmin, M., 

Ingeman-Nielsen, T., Isaksen, K., Ishikawa, M., Johansson, M., Johannsson, H., Joo, A., Kaverin, 
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D., Kholodov, A., Konstantinov, P., Kröger, T., Lambiel, C., Lanckman, J.-P., Luo, D., Malkova, G., 

Meiklejohn, I., Moskalenko, N., Oliva, M., Phillips, M., Ramos, M., Sannel, A.B.K., Sergeev, D., 

Seybold, C., Skryabin, P., Vasiliev, A., Wu, Q., Yoshikawa, K., Zheleznyak, M. & Lantuit, H. 2019. 

Permafrost Is Warming at a Global Scale. Nature Communications, 10, 264. 

Hrbáček, F., Vieira, G., Oliva, M., Balks, M., Guglielmin, M., de Pablo, M.Á., Molina, A., Ramos, M., 

Goyanes, G., Meiklejohn, I., Abramov, A., Demidov, N., Fedorov-Davydov, D., Lupachev, A., 

Rivkina, E., Láska, K., Kňažková, M., Nývlt, D., Raffi, R., Strelin, J., Sone, T., Fukui, K., Dolgikh, A., 

Zazovskaya, E., Mergelov, N., Osokin, N. & Miamin, V. 2018. Active Layer Monitoring in 

Antarctica: An Overview of Results from 2006 to 2015. Polar Geography, 1-16. 

Vieira, G., Bockheim, J., Guglielmin, M., Balks, M., Abramov, A.A., Boelhouwers, J., Cannone, N., 

Ganzert, L., Gilichinsky, D.A., Gotyachkin, S., Lopez-Martinez, J., Meiklejohn, I., Raffi, R., Ramos, 

M., Schaefer, C., Serrano, E., Simas, F., Sletten, R. & Wagner, D. 2010. Thermal State of 

Permafrost and Active-Layer Monitoring in the Antarctic: Advances During the International 

Polar Year 2007-2009. Permafrost and Periglacial Processes, 21, 182-197. 

 

Ian Meiklejohn: Department of Geography, Rhodes University, South Africa. 

 

Characteristics and trends of rain days on sub-Antarctic Marion Island (1980-2018) 

Fortunate Nomsa Mapuka 

 

Instrumental data recorded at the South African Weather Service station on Marion Island shows that 

the local climate of this island has undergone significant changes since the 1960s (i.e. a decrease in 

rainfall, an increase in nonrainy days, changes in wind speed and direction, and an increase in 

maximum and minimum local air temperature and in near shore sea surface temperature). Rainfall 

trend analysis for Marion Island is outdated as the latest study was done in 2008. This study therefore 

assessed the rainfall characteristics and trends from 1980 to 2018 in order to update previous rainfall 

trend analysis. Linear regression and other statistical tools were employed in establishing long-term 

annual and monthly rainfall trends, rain days and non-rain days frequency. The key findings of the 

study show that there is a decrease in annual rainfall, monthly rainfall and the number of rain days 

whilst there is an increase in the number of days without rain (non-rain days). From Pearson Product 

Coefficients the decrease in annual rainfall is significant at P<0.001, that of rain days is significant at 

P=0.021 whilst the increase in non-rain days is significant at P<0.01. All months show a decrease in 

rainfall since 1980 but this decrease in monthly rainfall is only significant at the 95% confidence level 

for January, April, May, July, August, September and October. These findings are extremely important 

in understanding the effects of climate change on the island’s ecosystems and for further baseline 

studies.  

 

Fortunate Nomsa Mapuka: Department of Geography, University of Fort Hare, South Africa 

 

A Review Caves in Granite and Granitoid Rock – the Case of Gobholo Caves in Eswatini (Swaziland) 

Mthobisi Masilela, Heinz Beckedahl and Natalie Haussmann 

 

Caves and cave systems are significant geophysical landscape features which have played a vital role 

in human life as they provided shelter, refuge and ancestral sites for mankind through history. In 
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present day, caves remain significant as educational and tourist attraction sites across the world. They 

are a source of complex knowledge from a geomorphological, cultural and heritage perspective. 

Different types and kinds of caves are recorded according to the environments in which the caves have 

developed as well as the processes which are responsible for the development of those caves. Karst 

caves are the most common types of caves found in the world. However, there are other types of 

caves known as Pseudo-karst caves which form on generally insoluble rock such as sandstone, halite, 

or granite and granitoid rock, with totally distinct geomorphological processes responsible for their 

genesis.  

 

Extending some 40 metres below ground, (with explored lengths of more than 1 500 metres), the 

Gobholo caves in Eswatini are one of the largest granite cave systems recorded. The caves are found 

in the Gobholo valley, lying about 10 km east of Mbabane, the capital city of Eswatini (formerly 

Swaziland). Through the valley flows the Gobholo River which flows under the cave system for more 

than 1.8 km. While the cave system is used an adventure site for tourists, very little is known about 

the genesis and dynamics of this granite heritage system. This ongoing research on the cave system 

seeks to enhance the scientific understanding of the development of the caves in the context of 

pseudo-karst caves and to enhance the sustainable management of this site of geophysical, 

educational, and cultural importance. What further sets this system apart from other granite cave 

systems reported in the literature, is that this system has elements of both solutional-depositional 

systems, as well as the boulder systems commonly reported from other granite systems, in which the 

fines have been washed out between large, buried scree slope boulders. The research focusses on the 

structure and composition of the granitic bedrock, and compares this with the geochemistry of the 

water of the Gobholo River. 

 

Mthobisi Masilela and Heinz Beckedahl: Department of Geography, Environmental Science & planning, 

University of Eswatini, Kwaluseni Campus, Eswatini (Swaziland); Department of Geography, 

Geoinformatics & Meteorology, University of Pretoria. 

Natalie Haussmann: Department of Geography, Geoinformatics & Meteorology, University of Pretoria. 

 

Cosmogenic isotopes - opportunities for Southern African Geomorphology 

 

Vela Mbele, Stephan Winkler, Rivoningo Khosa, Hendric Moabi, Khomotso Mthembu, Moshabi Silidi, 

Tebogo Makhubela, Jan Kramers, Sbusiso Konyana, Stephan Woodborne and Stephen Tooth 

 

The number of research projects in geomorphology applying cosmogenic radionuclides has risen 

dramatically over the past 2 decades. Improvements in the measurement techniques and innovative 

application of exposure, erosion and burial dating, have driven this development and led to a better 

understanding of landscape evolution over long timescales. The various properties both physical and 

chemical of the six nuclides are used extensively: 3He, 10Be, 14C, 21Ne, 26Al, and 36Cl. iThemba LABS can 

readily work with three of these, 14C, 10Be and 26Al. The use of exposure dating methods is achievable 

for exposures that range 102 to 107 years. We will give an introduction into the methods from with a 

point of view of the implications for sample collection and provide a quick overview over the many 

possible areas of application in geomorphology. These include for example determining of erosion 

rates boulder and bedrock surfaces, fluvial incision rates, denudation rates of individual landforms or 

entire drainage basins, burial histories of rock surfaces and sediment, scarp retreat, fault slip rates.  
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Vela Mbele: TAMS Department, iThemba LABS, South Africa. 

Stephan Winkler: TAMS Department, iThemba LABS, South Africa. 

Rivoningo Khosa: Department of Geology, University of Johannesburg, South Africa. 

Hendric Moabi: TAMS Department, iThemba LABS, South Africa. 

Khomotso Mthembu: Department of Mining, University of Johannesburg, South Africa. 

Moshabi Silidi: TAMS Department, iThemba LABS, South Africa. 

Tebogo Makhubela: Department of Geology, University of Johannesburg, South Africa. 

Jan Kramers: Department of Geology, University of Johannesburg, South Africa. 

Sbusiso Konyana: Department of Geology, University of Johannesburg, South Africa. 

Stephan Woodborne: TAMS Department, iThemba LABS, Private Bag 11, WITS, 2050; South Africa. 

Stephen Tooth: Department of Geography and Earth Sciences, Aberystwyth University, Wales, UK. 

 

Extraction and inductively coupled plasma optical emission spectrometry of Be harvested from 

dolerites for processing cosmogenic 10Be 

Hendric Moabi, Vela Mbele and Victor Tshivhase  

 

The quantification of the concentrations of cosmogenic nuclides in terrestrial rocks plays an important 

role in quantifying landscape evolution. In geomorphology, factors that influence landscape change 

also affect the accumulation of cosmogenic nuclides in rocks. The quartz mineral is readily utilised to 

extract 10Be and 26Al. This is a ubiquitous mineral on the earth’s surface. South Africa has landscapes 

with all sorts of lithologies, dykes, sills and intrusions, which do not necessarily have quartz-containing 

rocks such as granite or quart. In those cases, it then becomes necessary that the cosmogenic nuclide 

extraction methods are extended to include other lithologies. The intrusive rock Karoo dolerite was 

the lithology from which the pyroxene was extracted. Pyroxene as a chronometer using 10Be as a 

proxy, is could be used to study the South African landscapes that lack quartz in the extension of this 

study. We adapted various cleaning methods during the chemical preparation of the samples, thereby 

comparing the method used in quartz and to that in which pyroxene is used to elute Be. Be was 

successfully eluted with 0.5M HNO3 on the pyroxene method at concentration ranging 0 to 11 mg/l, 

while in quartz method it was eluted in 0.65M H2SO4, 1.2N HCl and 4N HCl. ICP-OES analysis of isotopic 

cation species within the aliquots yielded uncounted cations within samples in quartz method. New 

extraction method in Southern African landscapes in non-quartz bearing was extended to pyroxene 

and significant improvement is required in sample preparation for measurement of Be.    

 

Hendric Moabi: Centre of Applied Radiation Science and Technology, North-West University, Republic of South 

Africa.  

Vela Mbele: Tandem Accelerator Mass Spectrometry, iThemba LABS, Republic of South Africa.  

Victor Tshivhase: Centre of Applied Radiation Science and Technology, North-West University, Republic of South 

Africa.  

 

Improving properties of natural and technogenic soils in Southern Africa through sustainable soil 

additives 

Sandra Münzel 

 

The economy of the Republic of South Africa is dominated by mining and agriculture. The North-West 

Province is dominated by mining of platinum and gold. Enormous amounts of excavated waste 

material are deposited on huge spoils dams. As part of field research, these tailings substrates have 
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been studied and a variety of greenfield revitalization attempts have been made to reduce the 

consequences or effects of fluvial or aeolian processes. Two scientifically engineered soil additives 

were used. These have been adapted to the site-specific soil dynamics. Effects of treatment on these 

technogenic substrates can be seen already after 5% of application levels. There is a visible increase 

of above-ground and underground biomass. After more than three years, even the extremely acidic 

soils of the gold spoils dumps still had a vigorous grass vegetation with a high degree of coverage. 

 

The agriculturally used areas of South Africa are often in the dry or thorn savannah. The survival of 

humans and animals depends on the effective use of the widely varying amounts of precipitation 

necessary for the growth of crops. Drought stress can lead to enormous yield losses. With two soil 

supplements, the storage capacity of these soils for water and nutrients and thus their productivity 

can be improved. Preliminary tests on sand substrates in Germany with wheat and grass vegetation 

showed a positive effect on the height growth, the biomass and the degree of coverage. Since 

November 2018, these supplements have been used in selected dry areas of the Kalahari with maize 

crops. First evaluations show a 50% higher yield of biomass and the piston count compared to NPK-

fertilizer. Based on the success of the project, it would be possible to stabilize the productivity of crops 

while at the same time the amount of irrigation can be reduced. 

  

Sandra Münzel: Institute of Environmental Science and Geography, University of Potsdam, Germany 

 

Landscape and climate interaction on Marion Island 

Werner Nel and David Hedding 

 

Marion Island in the southern ocean has a hyper-maritime climate and an environment where diurnal 

processes dominate the landscape. Results from automated and manual experiments on a variety of 

landscape elements show that the landscape on Marion Island is dominated by the passage of synoptic 

scale weather systems. These systems influences the thermal characteristics of soil, river dynamics, 

intensity of rainfall, snowfall, soil frost dynamics, needle ice development, aeolian erosion and a host 

of other abiotic processes and its direct and indirect interactions with the ecosystem. The sub-

Antarctic is a unique environment since the impact of climate change on the landscape occurs at a 

higher resolution than for seasonal and permafrost environments and our research are therefore 

focused on interaction at the synoptic time scale. This presentation reviews the current knowledge on 

the interaction between climate and the landscape, the current methodologies employed to 

investigate these interactions and specifically addresses the possible landscape responses under a 

future climate.  

 

Werner Nel: Department of Geography and Environmental Science, University of Fort Hare 

David Hedding: Department of Geography, University of South Africa, Florida, South Africa 
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Aeolian processes and landforms at Mesrug on sub-Antarctic Marion Island 

Abuyiselwe Nguna 

 

Recent observations have recognised the increasing role of aeolian processes as a geomorphic agent 

on sub-Antarctic Marion Island. This study presents the first long-term data on aeolian processes and 

dynamics at Mesrug (46° 56’ 41”S; 37° 49’ 59”E) on sub-Antarctic Marion Island. An intensive and high-

resolution (five-minute interval) environmental monitoring campaign was initiated using Pace 

Scientific XR5 data loggers while aeolian transported sediments were collected using Big Spring 

Number Eight (BSNE) sediment traps at four different heights above the ground. The data from the 

wind-aspirated BSNE sediment traps, indicate that sediment movement occurs closest to the surface 

and weight of sediment moved as well as size of particles decreases vertically in the air column. The 

aeolian features at Mesrug is identified as mega-ripples and is essentially an erosional feature, while 

annual sediment flux at 0.05 m height were calculated as 2.29 kg cm-2 y-1. Spatial data based on a 

two-year survey showed that the entire surface of the study area have lowered by deflation while the 

ripples shifted slightly eastward (down-wind). Furthermore, the site lost 3.4 m3 of sediment between 

these two surveys with an average of 0.75 cm per 1 m2 across the site which has an area of 454 m2. 

It seems that the upper limit of aeolian sediment transport at Mesrug is 0.8 m above the ground and 

saltation of particles is the dominant aeolian transport mechanism. The data suggest that the climate 

change implication of a reduction in the westerly component of wind could reduce wind speeds and 

this could influence the magnitude and frequency of aeolian sediment transport on Marion Island in 

the future. 

  

Abuyiselwe Nguna: Department of Geography and Environmental Sciences, University of Fort Hare. 

  

Reservoir siltation, contemporary erosion and longer term denudation in Kruger National Park – 

Final results 

Bastian Reinwarth, Eddie S. Riddell, Robin Petersen, Christoph Glotzbach, Jay le Roux and Jussi Baade 

 

Erosion and denudation is a spatially and temporal variable process depending on e.g. climate, 

vegetation, soils, underlying rocks as well as human impact, i.e. agricultural activities. Over the past 

hundred to thousand years both climate and direct human impact have changed making it difficult to 

disentangle these two most important drivers of erosion and eventually land degradation. However, 

in order to develop evidence based benchmarks for soil conservation measures and thus support the 

implementation of a number of SDG it is of interest to quantify present day erosion under pristine 

conditions.  

 

Reservoirs in Kruger National Park, constructed in the 20th century to enhance water availability to 

wild life, provide a rather unique opportunity to assess average erosion under current climatic 

conditions in a pristine Savanna environment at the catchment scale for periods of up to six decades. 

Between 2015 and 2017 we mapped reservoir siltation in 15 dams in the southern part of KNP 

extending from Hartbeesfontein in the northwest to Mpanamana in the southeast. Field work 

comprised high resolution mapping of the impoundments using dGNSS (differential Global Navigation 

Satellite System) and TLS (Terrestrial Laser Scanning), establishment of soil auger transects and 

sediment sampling for the determination of dry bulk density, among others. Catchment sediment yield 

estimates derived from mapped reservoir siltation were corrected using an event-based assessment 

of reservoir trap efficiency (Reinwarth et al. 2018).  
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This contribution reports on the findings and final results concerning reservoir siltation and sediment 

yield from catchments in the southern KNP highlighting sources of uncertainty (Reinwarth et al. 2019). 

It further compares measured present day erosion rates with i) long term denudation rates based on 

the analysis of cosmogenic nuclides (Glotzbach et al. 2016) and the RUSLE-based assessment of rill 

and sheet erosion (le Roux et al. 2008) in the very same catchments.  

 

KNP erosion project homepage: http://www.geogr.uni-jena.de/~cub/fs_ZA_KNP_2013.html 

 

Bastian Reinwarth: Department of Geography, Friedrich-Schiller-University Jena, Germany. 

Eddie S. Riddell: Centre for Water Resources Research, University of KwaZulu-Natal, Pietermaritzburg, South 

Africa & Conservation Management, South African National Parks (SANParks), Skukuza, South Africa 

Robin Petersen: Conservation Management, South African National Parks (SANParks), Skukuza, South Africa 

Christoph Glotzbach: Department of Geoscience, University Tübingen, Germany. 

Jay le Roux: Afromontane Research Unit, Natural and Agricultural Sciences, University of the Free State, South 

Africa 

Jussi Baade: Department of Geography, Friedrich-Schiller-University Jena, Germany. 

 

Soil erosion and rainfall erosivity in the Sneuberg region of the Karoo 

Kate Rowntree 

 

Soil loss has been measured in the Sneuberg region of the Karoo since April 2012 using erosion pins, 

fifty five pins in badland topography and forty pins in the banks of incised channels. Rainfall has been 

recorded since 2009 using a tipping bucket gauge. These data have been used, firstly, to compare 

erosion rates from badland topography and the banks of incised channels. Secondly the rainfall data 

have been analysed to determine which rainfall erosivity indices best explain soil loss rates. The annual 

soil loss averaged over the pin sites since 2012 for the channel banks was estimated at 7.3 mm and 

that for the badland slopes 3.1 mm. When grouping all years together, there was no clear relationship 

between badland erosion with any measure of rainfall erosivity. However, if the data was separated 

into two groups based on a wetness index, much stronger relationships were found. Strong 

correlations were found between soil loss over the measuring period and erosivity indices 

incorporating the maximum 30-minute and maximum 5-minute intensities. However, equally strong 

correlations were found with the product of the maximum daily rainfall and total rainfall over the 

measuring period. For the channels, indices that measure the total amount of rainfall rather than 

intensity had the highest explanatory power. It thus appears that for erosion over a period of several 

months, intensity data do little to increase the predictive value. If this relationship holds for other sites 

it indicates a simple erosivity index that uses only daily rainfall.  

 

Kate Rowntree: Department of Geography, Rhodes University 

 

 

 

 

http://www.geogr.uni-jena.de/~cub/fs_ZA_KNP_2013.html
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Working with government to achieve integrated land rehabilitation and climate change response: 

a case study from the Tsitsa Project 

Kate Rowntree 

 

The Tsitsa Project has developed as a multi-sectoral project that supports the rehabilitation of the 

badly degraded Tsitsa River Catchment Social-Ecological System (SES). At the core of the project are 

three interrelated communities of practice (COPs): erosion and sediment control, livelihoods and 

governance. The project recognises that unless there is a direct livelihood befit to land holders, any 

attempt to solve the land degradation problem is doomed to fail, while an empathetic governance 

system that is in touch with the different role players provides a critical support structure. With 

climate change becoming an increasing reality, there is also great scope for linking land rehabilitation 

to climate change mitigation and adaptation, accessing additional funding streams while working 

towards a more resilient rural economy. The Tsitsa Project was initiated by the Department of the 

Environment, Forestry and Fisheries (DEAFF) which is the core funder of the rehabilitation work and 

associated research. The DEAFF also has the mandate for developing South Africa’s climate change 

response. There is therefore clear scope for integrating climate change response and landscape 

rehabilitation through the DEAFF’s various programmes. Other important government agencies 

include the Department of Agriculture, Land Reform and Rural Development and the District and Local 

Municipalities who, potentially, all have a significant supporting role to play in rehabilitating the 

catchment’s SES and developing a climate change response policy. This paper provides an overview of 

the policies and practices that are promoted by these three players and considers ways in which the 

landscape rehabilitation community can more meaningfully engage with them.  

 

Kate Rowntree: Department of Geography, Rhodes University   

 

Quantifying changes in surface water bodies in response to climate change on Marion Island 

Maleho Sadiki, Christel Hansen and Michelle Greve 

 

Globally, climate is changing having far-reaching effects and terrestrial water bodies, integral to 

supporting life on earth, are a highly susceptible to climate change. Their timely detection and 

monitoring is fundamental to better understanding climate-induced changes. Sub-Antarctic Marion 

Island is experiencing a warming and drying climate, and as a remote and mostly uninhabited island 

with minimal human impacts, offers a unique opportunity to evaluate terrestrial water body changes 

in response to climate change. As such, this study reports on changes observed for water bodies on 

Marion Island with reference to climate change. 

 

The investigation makes use of aerial and satellite imagery from several decades, with imagery 

available for the 1960s, 1980s, 2000s and 2010s. Using remote sensing techniques (classification and 

modified Normalised Difference Water Index (mNDWI)) and Geographical Information Systems (GIS), 

30 water bodies, found on different geologies (black lava, grey lava and scoria cones) were identified 

and evaluated. Their surface area was quantified and changes evaluated together with climate data 

from the different time periods. Preliminary results of the study should show that the surface area of 

the surface water bodies have changed over time. Moreover, the water bodies should respond 

differently to climate change, in that the extents of surface area change differ according to the geology 

type. 
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Maleho Sadiki and Christel Hansen, Department of Geography, Geoinformatics and Meteorology, University of 

Pretoria, South Africa. 

Michelle Greve: Department of Plant and Soil Sciences, University of Pretoria, South Africa 

  

Physicochemical dynamics of the Soft Plume River on sub-Antarctic Marion Island 

Kayla Schoenknecht 

 

Marion Island, situated 2160km south-east of South Africa in the sub-Antarctic, is often exposed to a 

series of mid-latitude depressions, frontal systems and migratory anticyclones which give rise to its 

hyperoceanic climate. Stream water is known to be highly susceptible to change and, as such, 

physicochemical properties (water temperature, pH, dissolved oxygen and total dissolved solids) of 

the Soft Plume river on Marion Island, were monitored. This study aims to determine the 

physicochemical characteristics of stream water on Marion Island and assess the climatic drivers of 

the physicochemical flux within the stream water.  

 

The data was collected using a EurekaTM Manta multiprobe, set up in the lower reaches of the Soft 

Plume river, one of two perennial rivers on the island, which recorded the physicochemical properties 

of the stream water every 5 minutes, in situ, for a period of two years (May 2015 to March 2017). The 

rainfall for the area was measured using a tipping rainfall bucket, and a High Definition Bushnell 

camera was set up to visually see the state of the river throughout the sampling process. Together 

with the physicochemical characteristics and rainfall data collected, synoptic weather maps issued by 

the South African Weather Service (SAWS) will be used to evaluate the air circulation patterns 

associated with the climatic drivers of the physicochemical characteristics. Understanding the 

physicochemical properties of stream water can aid as a useful tool in interpreting daily, seasonal and 

annual weather, and climate, changes within a region. Therefore, with the use of the data and synoptic 

weather maps mentioned above, the physicochemical flux within the stream water can be explained 

in terms of climatic drivers. 

 

Kayla Schoenknecht: Department of Geography and Environmental Science, University of Fort Hare. 

 

Thermal dynamics in mire ecosystems on Marion Island 

Sibusiso Sinuka 
 

The Mire Complex on sub-Antarctic Marion Island, which constitutes half of the area below 300m.a.s.l, 

is a very important habitat for temperature dependent graminoids, mire bryophytes and moss species. 

Temperature measurements were collected at various depths in three separate mesic mires at 

different locations on Marion Island. Temperature records indicate that the mire study site on the 

western side of the island is the warmest throughout the year (winter and summer) whereas the mire 

study site on the northern side of the island is the coldest. The mire study site located in the east 

exhibits more thermal variability. Temperature records also show that the layer up to 0.20 m below 

the surface in all of the monitored mires exhibit the most thermal variability and that a seasonal 

reversal in temperature gradient with depth exists. It is suggested that the observed reversal is due to 

the seasonal changes in solar radiation inputs into the mires and that the passages of synoptic scale 
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weather systems influence the diurnal radiative and sensible heat exchanges in the upper layer of mire 

systems. The diurnal radiative and sensible heat fluxes are, therefore, superimposed on the seasonal 

changes in the energy budget. Climate change implications for sub-surface thermal dynamics of mires 

on Marion Island show that if a warming trajectory remains and the current changes in synoptic scale 

weather patterns persist, a further warming trend in mire temperatures must be expected. This, in 

turn, will influence the respiration rates of mire soils and soil decomposition potentials, ultimately 

threatening ecological functioning of biotic communities within mire (eco)-systems. 
 

Sibusiso Sinuka: Department of Geography & Environmental Science, University of Fort Hare, South Africa  

 

The application of composite fingerprinting technology to identify sediment sources associated 

with erodible duplex soils in a catchment in South Africa 

Marike Stander and Jay le Roux 
 

Land degradation is a major challenge facing the world, including South Africa, and the problem will 

only worsen with the changes in population and climate. Land degradation has a myriad of detrimental 

impacts and thus the adequate management of the sediment sources are of utmost importance. 

Sediment fingerprinting is a direct approach to identifying these sediment origins and involves 

characterising the sediment and potential source material by their diagnostic chemical and/or physical 

properties. Many different types of fingerprints have been successfully used as tracers, including 

mineralogy, radionuclides, trace elements, magnetic properties and isotope ratios.  

 

The aim of the study is to delineate the sediment contribution from different spatial and temporal 

settings, specifically from duplex soils (known to be present in the region and many times relatively 

dispersive), in a degraded catchment near Ladybrand in the Free State Province. To achieve this, the 

sub-catchment characteristics will be assessed to understand the behaviour of it and to create a 

suitable sampling design. Soil sources and sediments will then be sampled and analysed to find 

suitable tracers with a focus on duplex soils. An unmixing model will be used to calculate the 

percentages contributed from the different soil sources. The main contribution of this study is to 

identify signatures relevant to erodible duplex soils to quantify their contribution to sinks as well as 

delineate other source origins of the sediments in the upper Caledon Catchment. This will enable 

proactive mitigation and management of areas that contribute the most to erosion in the area. 
 

Marike Stander and Jay le Roux: Department of Geography, University of the Free State. 

Modelling scenarios of soil properties and managements in olive groves at the micro-catchment 

scale with the AnnAGNPS model to quantify sediment carbon 

 

Taguas EV, Bingner RL, Wells RR and Momm HG 

 

Soil organic carbon (SOC) stock changes are crucial to identify risk of desertification in fragile areas 

such as Mediterranean Basin and to fulfill environmental protection global conventions (FAO, 2018). 

In Spain, 48% of world olive oil is produced with 2.6 Mha dedicated to its crop (Vilar and Pereira, 2017). 

Despite the economic, social and cultural importance, there is clear concern about the carbon balance 

in the context of climate change and the loss of productivity. 
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In this work, we used the model AnnAGNPS l (Bingner et al., 2018) to evaluate the impact the different 

groups of input parameters under real scenarios of extensive olive groves in Andalusia (Spain). We 

quantified the carbon dynamics in an extensive olive orchard catchment where different soil types 

and managements were parameterized and contrasted with varying hydrological periods through 

AnnAGNPS simulations. 

 

The analyses were carried out on different soil categories, hydrological features, and management in 

order to quantify their impact on the sediment carbon loads at the event and annual scales. A total of 

108 scenarios will be prepared in order to describe the influence of 6 soil types, 3 managements (no-

till, conventional till and no till with spontaneous grass cover), 3 different types of fertilizers (organic 

and inorganic) and 2 contrasted organic carbon life-time. On the other hand, the variations of ground 

carbon content will be also studied at the annual scale. We discussed the usefulness of the model and 

its suitability when comparing bibliographical data and data collected in the catchment.  

  

Taguas EV: Department of Rural Engineering, University of Cordoba, Spain. 

Bingner RL: National Sedimentation Laboratory, United States Department of Agriculture, U.S.A. 

Wells RR: National Sedimentation Laboratory, United States Department of Agriculture, U.S.A. 

Momm HG: Department of Geosciences, Middle Tennessee State University, U.S.A.  

 

Restoration of the severely gullied Tsitsa River Catchment: Where to begin? 

Johannes Theunissen and Jay le Roux 

 

Erodible duplex soils in the Eastern Cape has resulted in the formation of thousands of gullies within 

the Tsitsa River Catchment. The accelerated growth of these gullies is threatening the feasibility of 

current water resource development in the catchment, as well as the livelihoods of local communities. 

With limited resources and time, it is not feasible for the Tsitsa River Project to rehabilitate such a 

large group of gullies. The study aims to prioritize gullies within the catchment for rehabilitation 

according to geomorphological and socio-economic aspects. These aspects include sediment delivery, 

sediment connectivity, and known communal needs and perceptions. Especially gullies that have a 

large sediment yield potential and those which threaten the livelihoods of communities within the 

catchment. This aim will be achieved by the following objectives: Prioritizing gullies according to 

potential sediment delivery; Prioritizing gullies according to sediment connectivity; Prioritizing gullies 

further with respect to communal needs and perceptions; Identifying key focus areas in the catchment 

which provide critical ecological services (infrastructure) that can demonstrate short term advantages 

and have a large impact at a low cost. Sediment yield data and a digital gully map of the catchment 

will also be spatially interpolated with recent field measurements obtained. This will provide a 

comprehensive description of each gully's erosional processes. The resulting list of prioritized gullies 

will be used to identify key focus areas for rehabilitation within the catchment. Which, in turn, will 

help to increase the efficiency, and feasibility, of the rehabilitation effort in the Tsitsa River Catchment. 

 

Johannes Theunissen and Jay le Roux: Department of Geography, University of the Free State. 
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Assessing landscape dust emission potential using combined ground-based measurements and 

remote sensing data 

von Holdt, J.R.C., Eckardt, F.D., Baddock, M.C. and Wiggs, G.F.S. 

 

Modeled estimates of aeolian dust emission can vary by an order of magnitude due to the 

spatiotemporal heterogeneity of emissions. To better constrain location and magnitude of emissions, 

a surface erodibility factor is typically employed in models. Several landscape-scale schemes 

representing surface dust-emission potential for use in models have recently been proposed, but 

validation of such schemes has only been attempted indirectly with medium-resolution remote 

sensing of mineral aerosol loadings and high-resolution land-surface mapping. In this study, we used 

dust-emission source points identified in Namibia with Landsat imagery together with field-based 

dust-emission measurements using a Portable In-situ Wind Erosion Laboratory (PI-SWERL) wind 

tunnel to assess the performance of schemes aiming to represent erodibility in global dust-cycle 

modeling. From analyses of the surface and samples taken at the time of wind tunnel testing, a 

Boosted Regression Tree analysis identified the significant factors controlling erodibility based on PI-

SWERL dust flux measurements and various surface characteristics, such as soil moisture, particle size, 

crusting degree and mineralogy. Despite recent attention to improving the characterisation of surface 

dust-emission potential, our assessment indicates a high level of variability in the measured fluxes 

within similar geomorphologic classes. This variability poses challenges to dust modelling attempts 

based on geomorphology and/or spectral-defined classes. Our approach using high-resolution 

identification of dust sources to guide ground-based testing of emissivity offers a valuable means to 

help constrain and validate dust-emission schemes. Detailed determination of the relative strength of 

factors controlling emission can provide further improvement to regional and global dust-cycle 

modeling. 

 

https://drive.google.com/open?id=18kdt2KeG3xIdSTGUrvScSXOiUB_cUtna  

 

von Holdt, J.R.C., Eckardt, F.D., Baddock, M.C. and Wiggs, G.F.S.: University of Cape Town 

 

Capacity of ecological infrastructure and rehabilitation structures to retain sediment 

Bradley Vorster and Jay le Roux 

 

Accelerated soil erosion is the leading cause of soil degradation. Techniques used to conserve soils 

differ from region to region depending on the type of soil, land use, terrain and climate. Furthermore, 

the lack of published literature on ecological infrastructure renders the decision of what type of 

rehabilitation or conservation action to use very difficult. Therefore, it is essential to focus on areas 

which are critical to ecological infrastructure and can demonstrate short term advantages with large 

impacts at a low cost. This study will focus on areas that have a good capacity to retain water and 

sediment. These areas include existing ecological infrastructure, existing infrastructure and 

future/planned rehabilitation structures. Firstly, the capacity of current ecological infrastructure will 

be illustrated by means of creating UAV-derived digital surface models (DSMs) at very high spatial 

resolution of 3 selected test gullies. Secondly, the capacity of current rehabilitation structures at the 

gullies will be monitored in the field and finally, the capacity of future/planned rehabilitation 

structures such as large permanent check dams within the gullies will be calculated in a GIS. The main 

outcome of this study will highlight the capacity of different ecological infrastructure to trap sediment 

https://drive.google.com/open?id=18kdt2KeG3xIdSTGUrvScSXOiUB_cUtna
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at different locations. Although assessment of the trap efficiency of structures will be limited to 3 

selected test gullies, the results will be applicable in other gullies. This will assist in the planning of 

appropriate interventions and designing innovations to reduce the amount of sediment that will enter 

into water bodies. 
 

Bradley Vorster: Department of Geography, University of the Free State. 

Jay le Roux: Department of Geography, University of the Free State. 

 

Dust sources on Free State croplands 

Heleen Vos, Wolfgang Fister, Nikolaus Kuhn, Frank Eckardt 
 

A combination of Meteosat Second Generation (MSG) and Moderate Resolution Imaging 

Spectroradiometer (MODIS) satellite images have shown that 70% of all the dust source points in 

South Africa are located in the Free State province. A majority of the dust sources in this province are 

in agricultural areas. Dust can have a negative effect on health, as well as regional and global climate. 

Wind erosion also contributes to soil degradation which can have serious consequences for crop 

production.  
 

In the Free State, most dust emission occurs between August and November, when 86% percent of 

the dust events take place. These months correlate with the period between the end of harvest and 

the start of the rainy season, when the surface is bare and vulnerable to wind erosion. However, there 

is still a large variability in the amount of erosion, number of events per year, and in which months 

these events occur. Because of this high uncertainty, this project focusses on assessing the physical 

boundary conditions for dust emissions in the Free State. The soil texture, moisture content, crust 

formation, surface roughness, and surface cover are common surface properties that control dust 

emissions. Laboratory measurements showed that crusts can form rapidly on these soils, and that 

these crusts strongly decreases the dust flux from a surface. The role of the other factors and their 

interaction in the field are currently under investigation in the Free State.  
 

We will present the results from this ongoing fieldwork. Wind erosion measurements consist of field 

measurements using aeolian sediment traps, saltation and dust sensors, as well as sets of 

anemometers installed at different heights in the surface boundary. Threshold wind velocities and 

dust fluxes are also measured with a Portable In Situ Wind Erosion Laboratory (PI-SWERL). The 

combination of all data enables an assessment of the spatial and temporal distribution of the possible 

dust sources in the Free State.  
 

Heleen Vos: Physical Geography and Environmental Change, University of Basel (Switzerland) 

Wolfgang Fister: Physical Geography and Environmental Change, University of Basel (Switzerland) 

Nikolaus Kuhn: Physical Geography and Environmental Change, University of Basel (Switzerland) 

Frank Eckardt: Environmental & Geographical Science, University of Cape Town 

 

 

Implications of chronometric dating for coastline evolution, Holocene sea-level change, and the 

future of sandy coastlines on the Western Cape 

Stephan Woodborne, Stephan R. Winkler, Mary Evans and Duncan Miller 

 

Relative sea-level changes over the last 8000 years were in the order of a few meters, as compared to 

>100 m over the glacial cycles, and these sea-level changes have impacted on the evolution of 
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coastlines and the coastal environment [1]. For southern Africa evidence includes a sea-level high-

stand of about 3 m above current levels 6-4 ka before present, and a low-stand between 2-3 ka. In 

addition, there are remnants from high-stands of previous interglacials. We take a fresh look at the 

coastline at Yzerfontein (Western Cape) by radiocarbon dating of shells deposited by sea-level changes 

and storm surge deposits. We deduce the resulting geomorphological changes over time and discuss 

the vulnerability of urban development in the area to future changes in sea-level and on-going sea 

and land erosion processes on the West Coast of South Africa. In the future we also plan expand our 

coastal study to the dune environment backing the beach areas using optically stimulated 

luminescence dating of dune sands.  

 

[1] John S. Compton, The Holocene 11, pp 395-405, (2001). 

 

Stephan Woodborne: NRF/iThemba LABS 

Stephan R. Winkler: NRF/iThemba LABS 

Mary Evans: University of Witwatersrand 

Duncan Miller: University of Free State 

 

AMS @ iThemba LABS – an Accelerator Mass Spectrometry facility for cosmogenic isotopes 

accessible to all researchers in South Africa 

Stephan R. Winkler, Vela L. Mbele, Stephan Woodborne, and Simon Mullins 

 

iThemba LABS hosts Africa's first and only Accelerator Mass Spectrometry (AMS) facility. Over the past 

3 years we have established sample preparation and the AMS methods for radiocarbon dating, and 

the cosmogenic isotopes 10-Be and 26-Al in quartz, as used in burial dating applications. Radiocarbon 

allows for dating of a number of preserved organic compounds up to 50000 years, while the useful 

range of burial dating is typically between 0.25 and 5 million years. We have tested our system 

extensively using standards, blanks, and materials available from previous round-robin inter-

comparison runs (FIRI and VIRI). In 2018 we have measured radiocarbon and 10Be/26Al supporting 41 

individual research projects in the fields of archaeology, environmental science, geology, and others. 

Our facility is established as a national facility, giving privileged access to researchers based in South 

Africa, the terms of which will be presented and explained. 

 

Stephan R. Winkler, Vela L. Mbele, Stephan Woodborne, and Simon Mullins: NRF/iThemba LABS 
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