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The plan… way back
1.1 Earth and ocean monitoring network across SADC (included SADC GPS
network, tide gauge project, SLR/LLR, crustal deformation and 
motion detection, Okavango Delta project, enhanced weather prediction 
using GPS, new Space Geodesy Observatory, capacity building)

1.2 Morphology of geomagnetic field variations in t he southern African 
region and links to global geomagnetic field evolut ion (improved modelling of 
core flow dynamics, evolution of South Atlantic Anomaly and hazards to satellites, 
better quality geomagnetic field models, capacity building)

1.3 Epeirogenic history of southern Africa: trackin g 200 Ma of uplift, 
exhumation, erosion and influence on climate (date and quantify epeirogenic 
uplift of southern Africa, quantify sediment erosion and depositional fluxes, link the 
terrestrial with marine environment over last 200 million years, capacity building)

1.4 Rock burst and earthquake hazards in deep gold mines ICDP 
(International Continental Scientific Drilling Programme) and the ICDP is 
supporting a programme of drilling in deep SA mines (i.e. this project has migrated 
out of IyA)



Huge scope, from monitoring seismicity at Vaalputs,  the effects of Sun’s 
activity on the ionosphere and the geomagnetic fiel d, evolution of South 
Atlantic Anomaly, satellite and lunar laser ranging  through to providing 
reference frames eventually linked to quasars at th e edge of the known 
universe ….from core of Earth to outer, outer space …



Synergies…GFZ Champ measures gravity, magnetic fiel d vectors, SLR (e.g. 
MOBLAS6 at HartRAO) and GPS calibrates Champ’s orbi t, all parameters 
influence modelling of dynamic Earth, feeds back in to modelling, many multi-
disciplinary student projects (if only we had the m oney)



Evolution of SAA, global magnetic field 
variation, improve modelling
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Field observations in the 
southern African region

Motivation

=> We need more data
to get a detailed picture
of the field evolution

• Only three geomagnetic
observatories existed in this 
region, needed to add one

• Strong gradients, particularly
of declination, are observed



Cooperative repeat station
surveys by HMO and GFZ

Blue: observatories
Red: repeat stations

Keetmanshoop,
new observatory site

• 40 repeat stations have
been surveyed 
in 2005, 2006

• A third survey, ocurred
during  2007

• Long time series are 
needed to study
secular variation



Impressions from the geomagnetic 
measurements in 2005 and 2006



Installation of Keetmanshoop observatory
in 2006

The new observatory is operating well
Actions



First results

Preliminary regional 
models

The regional secular variation model
fits the observations much better
than global models (vector field residual
improvement)

The International Geomagnetic Reference Field (IGRF )



Space Geodesy and IyA
Did we meet any objectives? Yes….

1. SADC GPS network, stations being installed, new e quipment 
through IyA funding, Malawi, Matjiesfontein, Madaga scar etc. 
Project attracted other collaborators e.g. Univ. Be ira Interior, Portugal
South African support for the African Reference Fra me (AFREF)

2. Okavango Research Centre, Botswana, GPS installe d

3. Marion Island, Tide Gauge (GFZ provided equipmen t, August 2007, GPS 
+ satcomms)

4. Four years of canvassing NRF/DST/community for n ew space
geodesy observatory (2 nd Matjiesfontein ws Nov 2007)

5. Proposed International Institute for Space Geode sy and Earth
Observation (IISGEO) proposed to DST under IyA fram ework

6. Capacity building severely limited by funding, O ne completed PhD, 3 in 
progress, 3 new Mtechs, one new MSc.





Many people found what we wanted to do on Marion Is land (tide gauge, 
GPS, ocean level monitoring,digital elevation map e tc.) very boring



So considerable stirring was required to get the pr oject approved….



Getting there was relatively easy……



and after 4 ( four ) years Ott Radar type tide gauge and GNSS antenna 
collocated on Marion Island, wow!



The Vision of GGOS, 
(within the framework of GEOSS)

MOVE SPACE GEODESY TOWARDS MM ACCURACY

• GGOS is a component of the International 
Association of Geodesy (IAG)

• Formal participant in GEOSS (Global  Earth 
Observation System of Systems)

• GEOSS can be seen as a SUPERSET of IyAs,
in global sense

• integrates different geodetic techniques, 
different models, different approaches in 
order to achieve better long-term 
consistency, reliability and understanding of 
geodetic, geodynamic and global change 
processes.

• provides the scientific and infrastructure 
basis for all global change research in Earth 
sciences.

• Is South Africa positioning itself to fully 
participate in space geodesy in the future?

GG   S



HOW ?
Vision for new GGOS station; spinoff of 

Inkaba yeAfrica
• Enter IISGEO…..International Institute for Space Geodesy and 

Earth Observation
• New site, selected for SLR/LLR/VLBI suitability 

(Matjiesfontein?, dry, clear skies, accessibile etc.)
• Develop/acquire new instrumentation (Interplanetary navigation 

etc.)
• Structure it to accommodate a multi-disciplinary approach to 

science, i.e. make provision to participate in the sciences that
space geodesy supports

• Involve the SADC region to facilitate capacity building
• HartRAO space geodesy component to continue in parallel, 

collocation to be kept
• Some components could be phased out gradually when 

deemed feasible



First and 2 nd phase of IISGEO

• 1. Complete high level GPS station (Met+Cesium+1sec 
streaming+bedrock monumentation, independent power 
system) 

• 2. Lunar/SLR LASER Ranger, based on 1 metre OCA 
(France)  telescope (some funding received… but need 
more!) This will be the only LLR in southern hemisphere

• Later phase to include VLBI2010 radio telescopes (2-4, 
12 m dishes, DSNA? KAT?)

• Adequate infrastructure as required
• On-site workshops, accommodation for shift operators 

and students
• Training facilities, public outreach etc.

Already funded via Inkaba ye Africa



The proposed site, protected valley, low RFI, low p ollution, good 
astronomical seeing (1-2 arcsec), power not too far  away, access, free use 
of land, good English pub down the road in Matjiesf ontein etc.



Epeirogenic history of southern Africa and 
neotectonics (date and quantify epeirogenic uplift of 

southern Africa)

Most continents have high elevation areas (Alps, Hi malayas etc.) which 
are orogenic, caused by horizontal compressional plate  margins.

Extentional plate tectonic margins around Africa sug gests another
mechanism that caused the high elevation found in S outh Africa.

By quantifying the rates of erosion and sedimentati on since the break-up 
of Gondwana it is hoped to better understand the ve rtical upliftment 
mechanism (e.g. thinning and upwarping of continental  lithosphere from 
heating, perhaps from subducted hotspot), which resul ted in the elevated 
areas.

Links to onshore and offshore processes with rates of erosion and 
sediment transport and deposition (denudation tends  to remove evidence 
of vertical uplift) 

This project could make an important contribution t o the exploration for 
oil and alluvial diamonds.



Prof Ingrid Stengel, Johann Scheepers and Kemmone, Ingrid’s Hon.s student
inspecting a Late Cretaceous melilitite basalt plug at Vaalputs



The seismic installation at Vaalputs, stability of the site has obvious implications 
for storage of nuclear waste (new nuclear sites on horizon…)



At Vaalputs, seismological data are continuously ca ptured 
(processed by Johann Scheepers), a paper is expecte d during 2008



Prof Stengel inspecting the top of the dorbank at Vaa lputs, as it is being
revealed by blowing off the latest Pleistocene/Earl y Holocene sand cover,
before the cutting of a trench…
GPS footprint to be added during 2008, excellent Ph D project 



• The southern African region is crucial to understand the geomagnetic 
field evolution, Africa’s epeirogenic history, and to  geodetic reference 
frames; continuous measurements are required

• Densification of the ITRF is on course through GNSS  installations, 
development of the satellite/lunar laser ranger is in progress

• Establishment of a new space Geodesy Observatory at Matjiesfontein is 
under discussion/development (R100 million + projec t, major capacity 
building and space exploration opportunities) 

• Seismic data capturing at Vaalputs will enhance kno wledge of local 
stability

• A GNSS footprint at Vaalputs re-surveyed every 6 mon ths will provide a 
time series of local crustal stability (good studen t project)

• All projects have led to papers and student projects 

• During this workshop we hope to sketch a roadmap to  phase II, a greater 
integration of projects, expansion in science outpu t, vastly increased 
capacity building both in human and infrastructure terms

• Funding needs to become a reality (Reality is merely an illusion, albeit a 
very persistent one….Albert Einstein )

Summary


