
Southern South African coastal and inland climate: the influence of sea level, SST  
and orbital parameters as recorded in speleothems 

 
Kerstin Braun (kerstin.braun@gsi.gov.il)1,2*, Miryam Bar-Matthews1, Avner Ayalon1, Curtis Marean3,  

Andy, I. R. Herries4, Rainer Zahn5 & Alan Matthews2 
(1) Geological Survey of Israel, 30 Malkhe Israel St, 95501 Jerusalem, Israel. (2) Institute of Earth Sciences, Hebrew University of Jerusalem, Israel. (3) Institute of Human Origins, School of Human Evolution and Social Change, Arizona State University, 

USA (4) School of Historical and European Studies, Faculty of Humanities and Social Sciences, La Trobe University, Bundoora, Australia (5) Institut de Ciencia i Technologia Ambientals, Universitat Autònoma de Barcelona, Spain 
 

Acknowledgements 
This work is part of the Marie Curie Initial Training Network � �̂'���d���t���z�^�_ funded by the European Commission in 
the 7th Framework Programme (Grant Agreement Number 238512). This research is also part of the SACP4 project 
funded by the National Science Foundation (# BCS-9912465, BCS-0130713, BCS-0524087, and BCS-1138073), the 
Hyde Family Foundation, and the Institute of Human Origins (IHO). 

South African climate and the 
speleothem record: 

Seasonal migrations of the atmospheric circulation systems cause changes in 
the source regions of rainfall:  

Summer rainfall is mainly derived from 
easterly sources, while winter rainfall comes 
from the west. Cut-off lows, common in the 
transitional seasons, mostly are associated 
with southwestern sources. The isotopic 
composition of rainfall is strongly influenced 
by the different oceanographic setting of the 
warm Agulhas System to the east and the 
cold Benguela System to the west. 

 Speleothem �w18O �~�w18Oc) is dependent on temperature and rain water �w18O at 
the cave site. The �w18O of the rain is primarily a function of the 

�w18O of the sea surface source, altitude and 
distance from the source and the amount 
of rainfall. Variations in the amount and 
seasonality of rainfall lead to different 
percentages of C3 and C4 vegetation in 
western and eastern South Africa, which 
are reflected in high variability of the  �w13C 
of the speleothems.  

Little Karoo: the inland record 

Pinnacle Point: the coastal record 

Speleothem record were taken from Efflux Cave 
and Melville Pot in the Little Karoo, a small 
inland basin in the transitional rainfall region. 
The records show similar trends to the isotopic 
records of benthic foraminifera [7] representing 
changes in sea water isotopic composition and 
global ice volume. The speleothem records also 
match with the SST from the Agulhas region 
[4,8]. These co-variations result from the large 
scale forcing of insolation on the climate of the 
southern hemisphere [9]. 

Pinnacle Point is located in the transitional region on the 
south coast. Speleothem growth in the several sites was 
confined to different intervals. The correlation of the 
records to southern hemisphere temperatures is 
complicated [4,6]. The older Staircase Cave record shows 
a positive correlation, whereas the younger Crevice Cave 
is negatively correlated [3].  The Crevice Cave record also 
shows a good correlation to sea level [10] and sea water 
isotopic composition [7], both related to the volume 
water stored in polar ice caps. The amount of ice present 
in polar latitudes is highly dependent on variations in the 
summer insolation [9]. 
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Robertson: The winter rainfall region 

�w13C values indicate persistent dominance of C3 vegetation in the winter 
rainfall region. Variations in �w13C are well correlated with the �wD of the 
Vostock ice core [6], which is a proxy for temperature changes in Antarctica. 
The �w18Oc is correlated to the TOC of ODP site 1085 [5] recording the 
strength of the trade winds. It is also correlated to the SST based on core 
MD962077 [4], representing the position of the sub-tropical front. The �w18Oc 
variability is thus probably caused by changes in the strength and position of 
atmospheric circulation systems leading to variations in rainfall sources.     

Variations in the �w18Oc and �w13C of speleothems are also expected on millennial 
and longer time scales due to: 
�{ modifications in the atmospheric circulation causing changes in the 
seasonality of rainfall and contribution from different sources;  
�{ changes in the oceanographic settings (strength of current systems, physical 
properties of sea water) in the source regions  of rainfall, which in turn are 
related to different external forcing and internal feedback mechanisms.  
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Conclusions 
The isotopic composition of speleothems is highly variable between the sites due to local conditions. 
However, despite this variability all southern South African speleothem records  show a close relation to 
temperature changes in the southern hemisphere. At the inland site, in the Little Karoo, the strongest 
correlation is to the sea water isotopic composition.  

Speleothem records from  
southern South Africa  
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Differences in rain water �w18O (due to differing sources and seasonality) and 
type of vegetation thus lead to strong regional scale variations in �w18Oc and 
�w13C of the speleothems between different sites.  


