Expansion of stable carbon and oxvgen isotope analysis of Ostrich Eggsshell (OES)
fragments from MSA levels at Blombos Cave and Klipdrift Shelter, South Africa

We have analysed a limited series of ostrich eggshell (OES) samples from the sites of
Blombos Cave, Klipdrift Shelter, and Klipdrift Cave on the southern Cape coast of South
Africa. The results from these sites have so far demonstrated that the influence of winter and
year-round/summer rainfall regimes, and amount of rainfall, fluctuated substantially in this
region of southern Africa in the past. In particular, the results have provided quantifiable
evidence for climatic and environmental change directly associated with the appearance of
the Still Bay and Howiesons Poort technocomplexes at Blombos Cave and Klipdrift Shelter,
respectively. Although this was a successful and very promising outcome, our sample
numbers, per stratum, are relatively few (c. 4-5). We therefore seek permission to analyse
further OES fragments from the MSA layers of both Blombos Cave and Klipdrift Shelter in
order to obtain a statistically sound stratigraphic environmental sequence in association with
important behavioural changes in the archaeological records of these sites. This should
facilitate the development of a robust dataset required for publication in international
journals.

OES fragments are ubiquitous in many southern African archaeological sites, making it an
excellent material with which to construct palaeoenvironmental proxy records. Stable carbon
(8"%C) values from the organic and inorganic fractions of OES reflect that of the ambient
vegetation consumed by the ostrich in the breeding season and can therefore track changes in
Cs and C, palaeovegetation. Due to the strong links between the distribution of Cs and C4
grasses and rainfall seasonality, 5'°C data from a single stratified site provides information on
changes in season/amount of precipitation through time. Oxygen isotope data (expressed as
(8'®0) generated during the same analysis have been shown to indicate aridity and allow
estimation of past changes in mean annual precipitation (Lee-Thorp & Ségalen, unpublished
data). Importantly, OES calcium carbonate is well-preserved over the long time period of
interest in this study. As previously suggested, the Blombos and Klipdrift Shelter sites have
proven to be ideally placed for such a study, as they lie very near the boundary between the
“pure” winter rainfall zone with its solely Cs fynbos vegetation, and the intermediate zone
with less confined rain and the emergence of grassy vegetation. These grasses have been
shown to include C, forms (Cowling and Proches, 2005; Radloff 2008).

The aim is to follow up our previous isotopic analysis at Blombos Cave and Klipdrift Shelter
with stable carbon and oxygen isotopic analysis of more OES samples from each
stratigraphic layer, in order to establish a robust record of vegetation and aridity that spans
from 100 to 50 ka on the southern Cape coast of South Africa. Our existing results are
comparable, but also add to, previous palaeoclimatic records from this region. At Pinnacle
Point, Bar-Matthews er al. (2010) interpret shifts in 80 within speleothem records as
primarily driven by fluctuations in rainfall source (Cruz et al., 2005). However, while OES
880 is also influenced by rainfall source, the water balance of ostriches results in a strong
influence of plant water and metabolic water on OES §'®0 that is primarily controlled by
plant evapotranspiration. As a result, while changes in the Pinnacle Point 5'20 speleothem
records are often very subtle, OES &0 can provide additional insight into relative local
aridity. Our OES record indicates that there was a significant shift from winter rainfall to C;
dominance to increasing C, vegetation, year round/ summer rainfall, and potentially aridity,
from 97 ka onwards at Blombos Cave. The Klipdrift Shelter OES sequence then



demonstrates substantial instability in in Cs/C4 composition, aridity and rainfall regime
between 65 and 59 ka.

The development of MSA palaeoenvironmental records is particularly important given
increasing discussion regarding the role climate, environment, and ecology have played in
cultural shifts cited as representing ‘modern’ symbolic behavior (Ziegler et al, 2013).
However, with the exception of work at Pinnacle Point (Bar-Matthews et al., 2010), most
discussions of climatic influence have been based on remote records divorced from
archaeological contexts. Furthermore, many researchers have assumed that contemporaneous
change in detached environmental and cultural records facilitates simplistic causative
generalisation (Blockley et al., 2012). Application of isotopic OES methodology at Blombos
Cave and Klipdrift Shelter provides an opportunity to compare directly associated
environmental/climatic proxies and cultural records within the same chronological
framework and process of anthropogenic formation. Blombos Cave has provided some of the
earliest evidence for symbolic human behavior, in the form of perforated marine shell beads,
bone tools and engraved ochre associated with Still Bay layers to ¢. 80 ka (Henshilwood et
al.,, 2011) while Klipdrift Shelter has yielded evidence for ochre use in contexts of the
Howiesons Poort technocomplex (Hensilwood et al., 2014). The initial OES results indicate
that the emergence of the Howiesons Poort and Still Bay technocomplexes occurred during
periods of climatic and environmental change at Klipdrift Shelter and Blombos Cave,
respectively.

Our isotopic analysis of OES from Blombos Cave and Klipdrift Shelter remains the first
high-resolution methodology to provide local environmental and climatic contexts for these
sites. However, our own and previous work has shown a high level of variability in OES
isotope values, even differing in one nest and certainly on inter-annual scales at the same
location (Lee-Thorp and Ségalen, in prep). Consequently, multiple analyses are required per
archaeological level. Although we have already sampled ¢. 5 OES fragments from a number
of the Blombos Cave (CA, CB, CC, CFB/CFC, CIB, CJ, CK, CL, CN/CO) and Klipdrift
Shelter (PAZ, PBA/PBB, PBD and PCA) MSA stratigraphic layers, we request to be allowed
sample up to four more samples from each of the previously-sampled layers. We believe this
will produce a dataset that is robust in the face of review at the highest level and can provide
as high a confidence as possible in the trends observed. This is particularly important for
layers CJ and CN/CO at Blombos Cave where a plot of §*C versus §'®0 has indicated that
two samples in each layer may have come from the same egg, potentially reducing the
statistical validity of results from these levels. We estimate that analysis of a further 50 OES
samples from the two sites should provide a statistically robust dataset for international
publication.

As was the case in our work over the last year, the analysis of OES fragments will follow the
established protocol in our laboratory (the Research Laboratory for Archaeology, Isotope
laboratory). It is destructive, but requires very minute samples (of the order of 0.5x0.5 cm?,
or less). Each fragment is cleaned with a soft brush and the surface is lightly abraded with a
diamond-tipped drillbit attached to a microdrill, in order to remove surface contamination.
Each sample is then crushed and homogenized. As extremely minimal amounts of protein
remain in archaeological samples (if any), no further chemical treatment is required. The
powders (about 30 pg each) are weighed and loaded into individual containers for H3PO4
acid hydrolysis and subsequent analysis of the clean, dry evolved CO; in a Thermo Delta VV
Advantage isotope ratio mass spectrometer, interfaced with a Kiel 1V carbonate device, in the
Earth Sciences Department, Oxford.



Our success in the pilot application of this methodology at Blombos Cave and Klipdrift
Shelter, we believe, justifies the analysis of a further set of samples to increase the strength
and statistical significance of our analysis and interpretations (MSc dissertation of Patrick
Roberts available on request). This will allow the production of a robust and statistically
sound data series that directly relates a local climatic and environmental record to the
emergence of behavioural “modernity” in southern Africa. Publication of this methodology at
these important sites should encourage its adoption at others. We thank the Iziko Museums
for their already considerable support in the development of this project and we hope that we
can continue to collaborate in the application of this emerging methodology to two of the
most significant sites and periods in southern Africa prehistory.
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