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Past precipitation patterns in South Africa in relation to the Southern Oscillation and the Antarctic Ice regime
Participants 







*Coordinators

	Institution
	Names
	Email addresses



	GFZ Potsdam

(GFZ)
	Hedi Oberhänsli *    

 Heinz Wilkes                                                   
Brian Horsfield      

Gerald Haug           

                                               
	oberh@gfz-potsdam.de

wilkes@gfz-potsdam.de
horsf@gfz-potsdam.de
haug@gfz-potsdam.de

	University of Witwatersrand


	Tim Partridge *
	tcp@iafrica.com



Requested Funding:

Total for the 3-year duration project beginning in 2004:  Euros 93000
	Year


	2003
	2004
	2005
	2006
	2007

	GFZ
	
	36000
	28500
	28500
	



Summary
	Sediment cores from Tswaing crater lake in South Africa will be used to unravel the southern hemisphere climate history of the last 200 ka. With a multi-proxy approach (micro-facies analyses from thin sections, high resolution element scanning, grain size distribution, biomarkers, and diatoms) climate variability during key glacial/interglacial time slices will be studied: e.g., Termination II (MIS 5.5-6), Heinrich- and Dansgaard-Oeschger events, the climate stability/instability of the previous interglacial, etc. A reliable age model for the Tswaing sedimentary sequence is a prerequisite for this task. With this initiative we will generate a unique record for better understanding of the southern-hemisphere climate processes. These data will  be incorporated into global syntheses  such as the IGBP PEP III transect.
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View across the Pretoria Saltpan crater towards the south





Scientific Motivation and State of the art

Today the African climate system is significantly controlled by atmospheric key elements like monsoon (in NE Africa), El-Nino-Southern Oscillation (SE and S Africa) as they both exert control on the seasonal precipitation regime. The influence of changes in the size and intensity of the Antarctic Vortex was also a major factor in modulating changes in past climates. To what extend the Antarctic Vortex plays its role is not clear yet. However, each region has a distinct inter-annual climatic pattern and thus specific teleconnections. What are the links between atmospheric circulation and the oceans? A warmer tropical Indian Ocean is often associated with dry conditions over S Africa and wet conditions over E Africa (Fig. 1). Modelling studies testing the sensitivity to sea surface temperature anomalies confirm that moisture convergence and simulated rainfall over S Africa is indeed reduced during Indian Ocean warm events (Mason et al., 1994; Rocha and Simmonds, 1996). 
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Figure 1. Seasonal wind pattern controlling precipitation

Initial analyses of the sedimentological, pollen and diatom records have shown that the Tswaing crater sediments record the interplay between orbital forcing of past climates (until the end of MIS 4) and the influence of changing current circulation around the coasts of southern Africa (MIS 3 onward) (Fig. 2). The role of changes in the size and intensity of the circum-Antarctic atmospheric vortex can also be inferred from these records. There is preliminary evidence that the forcing of some of the events was hemispherically asymmetric. Responses in S Africa seem to precede those in the N Atlantic by 3-4 ka (Partridge, 2002), consistant with the previously suggested Southern Hemisphere lead in the climate system based on the interhemispheric comparison of ice cores (Blunier et al., 1998).
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Figure 2. Seasonal Oceanic current changes around South Africa
Of special significance is the fact that substantial sections of the cores show annual laminations. These are capable of yielding high-resolution records for both glacial and interglacial periods. Such records are of outstanding importance for the understanding of present-day global climate change, as they can provide details of the natural evolution of climate during interglacial periods analogous to that in which we now live. Such baseline studies are fundamental to evaluating the extent to which present climate variability accords with the natural rhythms prevalent in the past, and the manner in which global warming is altering these rhythms.

As one of the few highly resolved long terrestrial records in the Southern-hemisphere, the Tswaing crater is thus capable of contributing evidence for the study of global climate change.   New sediment cores recovered in 2002 with funding from GFZ are now available for detailed study. This project is designed to exploit this new evidence through a series of multidisciplinary and multi-institutional studies over the forthcoming three years.

Preliminary work

Previous studies reported in Partridge (1999) have revealed a sequence of 60 m thick unit of boulders, gravels and sands and a 90 m record of lacustrine sediments from within the crater.   The 90 m sequence of lacustrine sediments, cored and sampled for a second time in 2002 (2 cores, Fig. 3), is dominated by carbonate deposits changing upwards into terrigenous muds and evaporites. Notable are several laminated units predating Marine Oxygen Isotope Stage 4.   These laminated intervals permit detailed studies on an annual to decadal resolution focusing especially on time slices MIS 5.5 – 6 and MIS 6 – 7. The present age-model is tuned according to the impact age and 14C determinations in the upper part, and is preliminary.

Based on previous studies and the first detailed investigations of the new cores this sequence appears to be an important pillar of climate records in the southern hemisphere, being the most southerly and unique profile along PAGES profile PEP 3 (Europe – Africa) and a focal point for understanding the “southern oscillation“ during the late Quaternary. The high resolution of the record is a prerequisite to disentangling interactions and phase shifts during rapid and short-term climate changes with teleconnections between both hemispheres. Work carried out to date shows that the Tswaing record has responded to major forcing evident in less detailed marine records, including orbital precession, fluctuations in the thermohaline oceanic circulation and variations in the size and intensity of the circum-Antarctic atmospheric vortex (Fig. 3).
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Figure 3. Rainfall pattern (Partridge, 1999) and lithology of Core TSW 2 recently retrieved from Tswaing Lake

Goals and work schedule 

Questions to answer: Do we see features of the millennial to decadal-scale climatic oscillation which are more explicitly documented from northern hemisphere sites? What is the relationship between the northern and southern-hemisphere climatic variability through time? What is the impact of Antarctic climate events? What are important southern hemisphere climate thresholds which may drive major climatic changes of global significance? To tackle these questions we will proceed as follows. 

A high-resolution continental climate record for the southern hemisphere

· to evaluate synchronicity of characteristic climate changes 

· to improve insight into cause and effect on a regional and global scale climate
· to demonstrate teleconnections between both hemispheres (e.g., Monsoon, ENSO, Arctic Oscillation)

· to distinguish between internal non-linear system dynamics and external forcing (orbital, so​lar control)

To characterise by a multi-proxy study a highly complex lacustrine system. We will be focussing on:

· Variability of the hydrology, bioproductivity, detritic input regime during the last 200 ka
· Amplitudes and quality of particular changes (e.g., glacial/interglacial and sta​dial/in​ter​stadial transitions, short and pronounced cooling events – like Heinrich-events, the climate stability of the previous interglacial (MIS 5), which is considered to have been warmer than the Holocene)

Work schedule 

For this study we use the cores drilled by GFZ and Witwatersrand University during the field campaign 2001/2002 when 3 parallel cores of  30 m, 60 m, and 92 m were retrieved from Tswaing Crater Lake.

We shall be using the following approach

· Develop a new age model using C14, luminescence, U/Th (GFZ and Witewatersrand and CSIR Pretoria)

· High-resolution µX-ray fluorescence element scanning (GFZ)

· Facies analyses in thin sections (screening of laminations) (GFZ and Witwatersrand University)

· Characterisation of organic matter (GFZ)

· Grain size distribution analyses (Witwatersrand University)

· Diatom analysis (done by the British partner at UCL)

1) Initial year 2004: To understand climatic variability in this particular climate regime, seasonality fluctuations during selected time intervals will be studied in thin sections. Based on the results of the µXRF high-resolution scanning results, we will choose the relevant time windows for further high resolution climatic studies.  Selected mineralogical studies (XRD, SEM, microprobe) will follow based on the results from the lamination studies. 

2) For these cores a reliable age model has to be built. It  will be based on C-14, OSL, TL, U/Th, and diatom stratigraphy. For the young sediments 14C AMS ages will be necessary.  U/Th method will be used further down in the core. OSL and TL dating will be performed by Stephan Woodborne at CSIR  Pretoria. The diatom stratigraphy will be worked out by Jo Thorpe, a PH D student at the University College London.

3) Preparation of samples and measurements for grain-size analyses will be done under the guidance of  T. Partridge at Witwatersrand University. 

Element analyses of bulk sediments using the µXRF-method together with mineralogical characterisation  using  XRD, SEM and EMS will be performed at GFZ. 

4) Organic matter (OM) characterisation aims at the elucidation of climate driven variability of primary production, reflected as changes in the amount and quality, i.e. composition of the sedimentary OM. Initial characterisation of OM will include the determination of total organic carbon (TOC), total sulphur (TS) and total nitrogen (TN) contents, ∂13C of organic carbon as well as hydrogen index (HI) and oxygen index (OI) values from Rock-Eval pyrolysis in a representative sample set. In a smaller subset of samples biogenic organic particles and macromolecules as well as lipids and pigments will be characterised in more detail using organic petrology, gas chromatography-mass spectrometry and thermal analysis.

Work plan

	2004
	2005
	2006
	2007

	1-3
	4-6
	7-9
	10-12
	1-3
	4-6
	7-9
	10-12
	1-3
	4-6
	7-9
	10-12
	1-3
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Preparation of thin sections and sample preparation for OM characterisation

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Sample preparation for C-14 dating

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	Microfacies analyses
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	Determination of organic-geochemical bulk parameters

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Detailed OM characterisation of selected samples
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	Selected sample prep.; XRD, SEM, EMS

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	XR-F scanning of  selected intervals 
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	Prep. Publication
	
	
	
	


In 2005, selected organic matter parameters with paleoclimatic significance as revealed by first years results will be applied at higher resolution to selected intervals. Highly specific methods such as isotope ratio monitoring-gas chromatography-mass spectrometry of certain biomarkers will be used in addition to standard techniques for a conclusive assessment of OM variability.

2006 will be spent integrating all data, evaluating fluctuations of seasonal changes for selected time windows and frame them into atmospheric and oceanic flow patterns during the last 200 ka. Flow pattern and flow velocity data shall be compiled from grain-size, microfacies analyses, and geochemical and biological data in order to describe the influence of the Southern Oscillation and the Antarctic System on the precipitation regime.   

Requested Funding

Manpower

1 PhD student  BAT IIa/2 OST
20000 Euro per annum

1 Student Research Assistant




3500 Euro per annum

The scientist (preferably a student from South Africa) will be responsible for facies analyses in thin sections, characterisation of organic matter and high-resolution µXRF-scanning of selected time windows. The working base will be GFZ Potsdam.

New scientific equipment
None

Subcontracting (entered under consumables):

AMS 14C Analyses (à 250.- Euro/sample); 30 samples

7500 Euro

Foreign contacts and co-operations 

Dr. Anson Mackay (diatoms PhD student Jo Thorp)
            University College London

Dr. Stephan Woodborne (OSL/TL)
 
      Council for Scientific and Industrial Research

Equipment available

Mineralogy - Facilities: 

· Laser particle sizer

· Microscope

· Electron microprobe

· Electron microscope

· Geochemical and stable isotope facilities

· Xray-diffraction

· Xray-fluorescence high resolution scanner  (installed in late 2003)

Organic Geochemistry – Facilities

· Extraction and liquid chromatography

· Gas chromatography

· Gas chromatography-mass spectrometry

· Pyrolysis-gas chromatography(-mass spectrometry)

· Isotope ratio monitoring-gas chromatography-mass spectrometry

· Bulk stable isotope ratio monitoring mass spectrometry
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Location of the Tswaing Saltpan crater





View across the Tswaing Saltpan crater lake towards the south
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