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ABSTRACT

The stable carbon isotopic analysis of archaeo#bgicarcoal has the potential to
provide an archive of environmental change durirggNliddle Stone Age occupation
of Sibudu Cave, KwaZulu-Natal, South Africa. A wideay of evidence from the site
suggests that profound environmental and culturahges took place in the region
through the past 75ka. The aim of this projecbidevelop a methodology to obtain
such isotopic evidence and to test the validitthaf evidence through comparison

with additional proxy environmental data from tlie s

Analogue data from modern tree spechsnusops caffra, Podocarpus latifolius and
P. falcatus provide an absolute annual chronological isotogaord of environmental
response to prevailing climatic conditions. Higlegsion radiocarbon dating of
growth rings demonstrates that these species peaglutual growth rings.
Wholewood samples provide an accurate record wfatic conditions. Direct
comparison 06*%C value ofM. caffra from northern Kwazulu-Natal with the historic
climatic record, shows a strong inter-annual respdn rainfall variability. Signal
processing approaches allow the rainfall respom$e tseparated from long-term
anthropogenic influences.

Thes™C values oP. latifolius trunk cores and corresponding branch samples, from
KwaZulu-Natal, preserve the same environmentalrteamrrelating with humidity
and temperature data from the region. It is thissiide to obtain a record of past
climatic conditions from the growth rings of braeshA P. falcatus disc from the
Baviaans Kloof (Eastern Cape) providesiC time series for a moisture-restricted
environment, responding to annual rainfall variatgnd provides a contrasting

analogue to the KwaZulu-Natal trees.

Branch samples frorR. latifolius, representative of the size class of wood fuelyik
utilised by MSA inhabitants of Sibudu Cave, werenboisted under oxidising and
reducing conditions. Their respecti¥C values are more negative with respect to
the source material, but reflect the same resptmngeevailing climatic conditions.
An experiment determined the range of isotopicalality in products released

during various stages of combustion. The resntigate that combustion



temperature has a significant effect on the carboiope signature of the various
products released during combustion, but the isotmpmposition of the remaining
wood tissue remains relatively constant, presersagagonal and inter-annual isotopic
trends. These modern analyses indicate thapissible to obtain an isotopic record

of past climatic conditions from archaeological rcoal.

The isotopic variability of archaeologidabdocarpus andCeltis charcoal, from the
MSA layers of Sibudu Cave reflect past environmeDtging the Howiesons Poort
(65ka-62ka) thé'C charcoal data indicate a cool, humid forestedrenment
predominateds**C data from the post-Howiesons Poort (~58ka) arelVSA
(~48ka) occupations show that conditions shifted tivy, open grassland/woodland
mosaic community with remnants of riverine for@stese interpretations were
validated through comparison with additional faymhaitanical and sedimentological

proxy data from Sibudu.

The environmental record from Sibudu Cave and palagronmental proxy data
from seven South African MSA sites provide evidefurehe local manifestation of
large scale climate events between 70ka and 5QkandpoMarine Isotope Stage
(MIS) 4 it appears that southern Africa experiencexditions similar to those during
the Last Glacial Maximum. At Sibudu the environmelmanged from a
predominantly forested community to more open dgvessd land mosaic. Such
environmental change is thought to be due to a er@ak of the Agulhas Current and
eastward shift of the Agulhas Retroflection resigtin lower sea surface
temperatures and a corresponding decrease in hyrardi rainfall. Adverse
environmental conditions ultimately led to Sibudtirty abandoned from about 37ka

until approximately 1000 BP.
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INTRODUCTION

This volume contains all figures and tables thitteeto Chapters 2 to 7, as well as
supplementary information contained in Appendiceg8/Aand C. The rationale for a

second volume is to allow the reader easier adogb® relevant figures and tables

for each chapter.
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shows an increase due to anthropogenic influe@eannualised *C values from

Umhlanga 1 and Admiralty Reserve 1 (Ad Res 1) aregared with local humidity.

During periods of low humidity, isotope values Bss negativeD: Annualiseds *°C

values from Umhlanga 1 and Admiralty Reserve lcarapared wittd °C values of

Pretoria air. The isotopic variability of the treerresponds to the overall pattern of
isotopic variability seen in Pretoria air, reflexithe anthropogenic influence on

atmospheric C@concentrations.
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heavy fractions, and the seemingly erratic fractimmn observed during charcoal
formation experiments is likely to relate to thegence of the different (unidentified)

volatile compounds.
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and Bamford, 2006; Sievers

Wadley, 2004).
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Figure 6.3b. Schematic reconstruction of post-Howiesons Peegetation

communities around Sibudu Cave based on botaniadémce (Allott, 2006; Renaut

and Bamford, 2006

Wadley, 2004).
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Figure 6.3c Schematic reconstruction of late MSA vegetatiommunities around
Sibudu Cave based on botanical evidence (Allo®62®Renaut and Bamford, 2006;

Sievers, 2006

Wadley, 2004) from layer RSp.
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Figure 6.3d Schematic reconstruction of late MSA vegetatiommunities around

Sibudu Cave based on botanical evidence (Allo®62®Renaut and Bamford, 2006

Sievers, 2006; Wadley, 2004) from layer OMOD.
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Figure 7.4.High-resolutiond*®0 time series from northeand southern hemisphe
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Figure 7.7.High-resolutiond*®0 and3D time series from northern and south
hemisphere ice cores for the last 120ka. Dansgaasghger vents 2(-17
(numbered) and Heinrich event-6 (shaded areas) are presented. A: Oxygen is
ratios from GRIP, Greenland (Blunier and Brook, 2O®: Oxygen isotope ratic
from GISP2, Greenland (Blunier and Brook, 2001)ORygen isotope ratios frome
Byrd ice core, Antarctica (Blunier and Brook, 2000) Deuterum isotope ratio
from the EPICAice core, Antarctica (Jouzet al., 2004). E: Deuterium isotope rati
from the Vostok ice core, Antarctica (P¢et al., 2001).
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TABLES

Table 2.1.A summary of papers that have utilised stableo@®tata from tree rings, fossils and other plaatienmal for palaeoenvironmental

research.

Reference Species/ material

Location

Sampling mette

Wood component

Method

Data analysis

Results

Andersonet al., 2005 Taxadium ascendens (Pond Cypress)

T. distichum (Bald Cypress)

South Florida, USA

Core samples from 2 wetlandssite
Rings identified, dated using standard
dendrochronological methods
Samples from individual rings
and 10 ring pooled samples

a-cellulose extracted from
homogenigeolewood

On-line, con-flo system

atdcorrected for changing atmospheric
C@ compared differences between

locations and local climatic data

Time séoie’. ascendens positive
correlation withuahrainfall. Time
seriesTodistichum affected by
saltwater stress

Andoet al., 2003 Detrital woody material,

Aptian Stage

Hokkaido, Japan

il Banic matter extracted from

mudstone samples from 4 sample sites

Pre-treated buik s

organic matter

On-line combustion

Creation of time seriecafbon isotope

variation and comparison with othe

proxy environmental records

Creation of a temporal record of
changes i5"C of the ocean-
atmosphere-biosphetes

Bechtelet al., 2002 Fossil gymnosperms

Styrian Basin,

Collegedified and

Homogenised wholewood,

On-line contibos

Compared mean isotope values of

Isotope dreevesd shifts in vegetation

from Early Miocene Austria ungelified wood samples cellulose and coal sample types and geochemétal d due to climatic change and the effects
from borehole cores of decay on various tissue types
Bechtelet al., 2003 Pliocene gymnosperm fossils Slovenia 3lpssnof fossil wood Cellulose extracted from Qrelcombustion Isotope values compared with @ data shows that there
and charcoal extracted pre-treated samples pepbig and geochemical is differential decompaositietween
from borehole cores in lignite seam parameters wood and charcoal and the time
series show shifts in vegetation
communities
Whole tissue, hemicellulos
Benneret al., 1987 Variety of Cgrasses ands@rees USA Collected samples of various plant parts cellulose No data Statistical comparisons of vaitissue types Lignin values are highly depletedd
and lignin from pooled samples with respect to whole tissue and cellulose and
this effects isotope values of decayed wood
Biedenbender et al., 2004 Soil organic matter Sigoha, USA Soil samples from 5 profiles Soil orgamiatter Off-line combustion Statistical analyseisotope data Data showed climate induced shifts

across a watershed
Relative age of soil organic matter
derived from'‘C dating

and models of €C, mixing to determine
changes in vegetation and landscape

in proportions o§/C. plants during
Holocenet effaridity
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Reference

Species/ material

Location

Sampling mette

\Wood component

Method

Data analysis

Results

Brendelet al., 2002

Pinus sylvestris (Scots Pine)

N & central Scotland

Core samples from 150 trees
from 5 natural populations
3 cores per tree, annual rings pooled
and samples from clone bank

lluse from pooled annual
ring samples

On-line, con-flo system

Statistical analysis af°C data from
natunal eloned populations with
climatic data for the region

Isotopic values varied significantly in
natural populations eodelated with
climatic conditionst the case with

cloned population

Buhayet al., 2008

Picea glauca (White Spruce)

NW Territories,
Canada

2 cores/tree, 6 trees from 3 sites
Ring width chronologies created for
all specimens (1689-2003)

a-cellulose extracted from
combeeety and late
wood from each ring

On-line, con-flo system

3%C time series detrended to remove
atmospheric and juvenile effects
statstically correlated with historic
climate data from region

Time series shbest correlation with
recipitation, rather than temperature
At decredsemporal resolutio*C
values capture genechlifinatic trends

Comstcck and Ehleringer,

1992

Hymenoclea salsola

W USA

Seed samples from 8 natural populations
representing a range of environments.
Seeds cultivated on common plot for 2
years and then analysed

Wtistele from twigs
and leaves

No data

Compared isotope datdapaaportions
of leaf/twig photosynthetic tissue with
climate data from each site of origin

Variation due to genetic differences
Plants tsathstantial control of water use
efficienasenlarge environmental

gradients of temperature and water
availability

Cullen and Grierson, 2006

Callitris glaucophylla (Conifer)

NW Australia

9-11 cores from 7-8 trees

Al cores cross-dated to assign
assign calendar date

Annual ring samples pooled

Wholewood astellulose
from annual rings

On-line, con-flo system

Statistical s of5"°C ands'°0
data from tissue types and comparison

with local climatic data

Isotopic time series of both tissue types
have similaval variation and can
provide proxies for cliteas"C of
cellulose more sensitive to high frequency
variation, wholewood for long-term
trends

Czimcziket al., 2002

Pinus sylvestris (Scots Pine)
Betula pendula (Birch)
Samples of rotted wood

NW Germany
& Canada

Bulk samples of each wood type
Air dried and milled
Subject to controlled castibn times
and temperatures in laboratory

Wholewaotbcellulose, lignin
and pyrolysis product

On-line, con-flo system

Qpaned isotopic data from various
tissue types and pyrolysis products

Soft wood spelese more depleted
isotopeegalian hard wood due to
difference in cellulose: lignin ratio
Temperature and length of burn affects

the5™C values of product released

Daniset al., 2006

Quercus robur (Common Oak)

SE France

Collected core samples (3/tree) from 2
natural populations
Looked at the latewood from rings
1971-2001, samples pooled

a-cellulose extracted from
pooled latewood

On-line, con-flo system

tatStical analysis 05"°C ands'°O time
series wattal monthly temperature and
relative humidity and oxygen isotope
record of precipitation

50 inter-annual variability mainly due
to changes in isotoicposition of
precipitataond relative humidity

Combined carbon and oxytyere

time series can allow reconstruction of

past summer precipitation isotope record

Doddet al., 2008

Picea glauca (White Spruce)
Larix laricina (Tamarack)

Canada & USA

Core and disc samples from specimens
from natural forest ecosystems

a-cellulose extracted from
milled wood tissue

On-line, con-flo system

5'°C time series detrended to
better illustrate relationship between

Time series showed eatpaal
variatieersin precipitation
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Reference Species/ material Location Sampling mette \Wood component Method Data analysis Results
Populus grandidentata (Popular) Used a computer controlled micromill isotope values and precipitation
to obtain multiple samples
(2-12, mean=4) per growth ring
Dongarra and Varrica, 2002 Plantanus hybrida sp. Palermo, Italy Annual growth rings sampled Wholedisamples On-line combustion Statistical comparifdeotope data 5"C time series of trees showed

in 5-year blocks from
3 trees for period 1880-1998
Dated using chronological ring counts

with modern atmospheric G@ata to
reconstruct past atmospheric CO

more negative values over time in
response to changing atmospheric
CQ; concentration due to burning of
fossil fuels

Hunteret al., 2006 Various conifer species

Lake Huron, USA

c@s-sections from submerged

Holocellulose froecsed On-lime combustion

Statistical analysis'd€ ands'*0

Isotopic data indicates environment with

from Holocene roots, stumps and logs ring intierva data from Holocene trees with modern high iatemual climate variability
All *“C dated to about 7350 BP data from Holocene trees with modern Also sugdestd environment was
data and development of proxy data for warmer firasent
past climates
Dupoueyet al., 1993 Fagus sylvatica (Beech) Nancy, France 4 cores/tree from 4 trees Holocedikxtracted Off-line combustion Statistical anialg$ data and 5'°C time series provided a proxy

Individual rings from cores
combined to have pooled
sample of 16 rings/year

from whole ring
early and latewood conabine

molifey of 5°°C

for past water availability and showed
decreasing trend over time due to
changes in atmospheric €O

Edwardset al., 2000 Vicia faba (Bean), Abies alba

(Black Forest Fir)

Germany

80 bean plants grown under 4 treatments
5 trees from Black Forest

n Bem and leaf cellulose No data

Aahiing latewood cellulose

Statistical cotapa of5"°C data
with relative humiditgd temperature
for the 4 treatments and local rainfall,
temperature and relative humidity from
Black Forest

Multivariate analysis of data is needed
to show effect of moisture and
tempemtn carbon isotope values

Pinus coulteri, P. langaza
Juniperus phoenica
Quercus|obata

Feng and Epstein, 1995

California, USA
Sinai Peninsula, Egypt

1 radial segment per tree, samples
taken from annual rings
annual rings and 5-year intervals

*C dating and annual ring counts

Cellulose converted into Off-line combustion

lutmde nitrate

Moitedl using low frequency
signal (trend) and high frequency
signal reflecting response to rainfall

5"C time series show declining

rend due to changing atmospheric.CO
High freqogeffect directly related

to amount of precipitation, water use

efficiency

Gageret al., 2008 Pinus sylvestris (Scots Pine)

Lapland,
N Finland

32 trees cored to produce 6 chronologies
3 sites in open semi-natural forest

Each chronology composed of 5 trees
Dated using standard ring width methods

ooleBlo-cellulose extracted On and off-line

flatewood of annual rings combustion

3*C time series detrended to remove
atmosphericjavehile effects
These are non climatic trends

The atmosphrerid fs removed
mathematically. Use of Regionah@
Standardisation vemthe juvenile
effect

Garcia-Get al., 2004 Pinus greggii

Central Mexico

Sampled 3 populations from 2 plaoret

a-cellulose from growth rings On-line, con-flo

ANOVanalysis of isotope data,

DifferencessifC values between
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Reference Species/ material Location Sampling mette \Wood component Method Data analysis Results
12mm cores taken from 5 trees at each site basal area increments and local sites due topiaadn and altitude
Examined the most recent 5 annual rings meteorological variables and comparison High sitey less negative than low,
of the 2 populations wetter site. Good correlatinith climate
variables at wetter site, not at dry site
Gouveiaet al., 2002 Soil organic matter and charcoal SE & C\afzir Soil organic matter and Bulk samples of fireved No data Created carbon isotope time series me Beries showed shifts in proportion

charcoal removed at 10cm
intervals from 5 soil profiles

organic matter

for diigsofiles, ““C dating of humin
and charcoal

of €and G plants due to shifts in
level of aridity through Holocene

Guo and Xie, 2006

Tibetan Plateau,
China

4 {3pecies

Leaf samples collected & N-S
transect across climate zones

Samples washed and dried

Whole leaf tissue

On-line, con-flo system

Isotopic data statistically correlated
with altitude and climatic data

Also correlated isotope values with
satellite data on normalised difference
vegetation index (NDVI)

North&HC values correlated
positively withtialde and precipitation
South&fie values correlated
negatively
NDVI data can approximatic

Kirdyanovet al., 2008

Larix cajanderi (Cajander Larch) E Siberia, Russia

Core and discs from 10 dominaest
Obtained latewood density and ring
width data using computer program
Latewood manually removed
from each ring

Cellulose from homogenised
wood samples

On-line combustion

3%C time series detrended to remove
atmospheric effects, anthropological
and physiological. Then statistically
correlated with latewood density, ring
widths and local climatic variables

Time series sheigaificant
correlatiofth yprecipitation and
temperatamnbined with other data
allows ¢i@aof long-term palaeoclimate
records

Krull et al., 2003

Variety of woody species Australia

and G/C, grasses

Graeayes, wood and char samples
from natural burns and material from

laboratory combustion experiments

Whole bulk sampleshend
franibus burning regimes

On-line combustion

Comparison of isotope ltegtom
a variety of burning negg

Cannot use laboratory chars to infer
changes seen in natural burns

C. chars show significarfC depletion
C; chars do not

Leavitt, 2002

11 tree species Great Lakes, USA

Pepoe samples taken
from trees from 3 sites during
1990 growing season, 2 core/tree

Composite holocellulose sample

Off-line combustion

Comparison of seasoiitaC values
with climatic data

Shows trees produced a representative

isotopic pattern that shows th
ecophysiological response to seasonal
climate change

Leavitt and Long, 1982 3 speciesJohiperus Arizona, USA Leaf samples from 4 cardinal poinitsgs Wholewood from rings and Off-line combustion Comparison 0b"C values of tissue types Leaves on average 2%dqisatiy lighter
representing 10 growing seasons from 10 cellutase pooled leaf to determine magnitude of frauition than wood tissue. Also a seasonal response
trees growing at various altitudes samples anciwoo between leaves and wood to temperatilf€, values become more

negative and then more positive through
season

Li etal., 2004, 2005 Pinus tabulaeformis N China Discs from 3 trees taken, dated a-cellulose from growth rings Off-line combustion afistical analysis of long-term Isotope time seslesw inter-annual

(Chinese Pine)

using standard dendrochronological

inter-annuab™C variability and

and seasonal variability in respeto
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Reference Species/ material Location Sampling mette \Wood component Method Data analysis Results
techniques seasonal variability changes in soil moisturecipitation
and relative humidity. Differences between
early and latewood and declining trend
due to changes in atmospheric CO
Lipp et al., 1996 Tamarix jordanis Jordan Rift Valley, Branch samples taken from 8dre a-cellulose from growth rings No data Compab&it ands™0 data from 5"°C values less negative at lower
Israel from 4 ecoclimatic regions from 1991-1992 rings with stem/leaf water values and relative Hdityj also affected by
relative humidity, temperature and higher wateilability, no clear link
precipitation data from each site between tempeeatnd precipitation
Liu et al., 2004 Pinus tabulaeformis NW China 2 cores/ tree for cross-dating, third for Composite samples of annual Off-line combustion tiStteal analyses of isotope time Time series hmwegative correlation

(Chinese Pine)

carbon isotope analysis, 6 triées/s

rings reduced to cellulose

series with temipeea.
and precipitation. Isotope data
detrended for atmospheric and
juvenile effects

with precipitation and provide
proxy record efdrical wet. dry
fluctuations

Loaderet al., 2003

Quercusrobur (Oak)

East Anglia, UK

12mm cores taken from 2 trees
Absolutely dated against local
and regional dendrochronologies
55 year sequence (1946-2000)
of annual rings

Wihoted, lignin and cellulose On-line, con-flo

from latewood affeeing

Corttada of isotope values for each
tissue type and their associations with

climate

Cellulose valuesemriched with
speet to lignin.
WholewoodsC retains the
strongest climate signal

Loaderet al., 2008

Quercus robur (Common Oak)

SW Scotland

12mm cores taken from 4 mature trees
Dated using cross-dating chronology
previously developed
Latewood removed from each annual ring
All 4 samples pooled

mdgenised:-cellulose On-line combustion

3%C time series detrended to remove
atmospledfects, anthropological

and physiological. Then statistically

correlated with local climatic data

Time seriescteflénfluence of higher
temperatures, increassolation, low
humidity areduced precipitation.
Possible ttrast strong, coherent
summer climate signal

Lockheartet al., 1998

Fagus sylvatica (Beech)

Gloustershire, UK

Leaves collected from
4 cardinal points from
direct sun and shaded areas

n-Cz7 hydrocarbon On-line combustion

extract and bulk leaf tessu

Compared isotope values witmatal
density

Lipid3**C more negative than bulk

leaf values. Sun leaves less negative
than shade due to reduced fractionation
Has implication for obtaining proxy
data from fossil leaves

Lickeet al., 1999

Fossil wood from 7 taxa

of angiosperms and gymnosperms

Garzwieler Seam,
Germany

sskFevood and brown coal
sampless tedm 20cm sections
through coal seam profile

Fossil wholewood, cellalos On-line combustion

and brown coal

Compared mean isotope valfies o

sample tifpesigh time
Middle Miocene

Isotope data provide proxy record
showing shifts in vegetation due to
chaggenvironment, cooling trend

Mazanyet al., 1980

Archaeological samplesRifius

Chaco Canyon

Tree ring sections from two

Cellubose lignin from pooled Off-line combustion

Statiat comparison of isotope values

Cellulose mossiige to climatic
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Reference

Species/ material

Location

Sampling mette

\Wood component

Method

Data analysis

Results

ponderosa andAbies concol our

New Mexico, USA

dendrochronologically dated specisme

ring samples representing
10-year periods

of tissue typescesration of a time
series to determine variation in

3C values

changes and time series hasijaiteo
rovige a record of past climates

Nguyen Tuet al., 2002

Fossil plants from Cenomanian

Bohemia

Flessi samples from deposits
Pre-treated to remove contaminants

Leaf cuticle and petissue
and extraesddipids

On-line combustion

Looked at preservatidisotopic
signal in fossils, range of variation i
fossils and modern plants and changes
in palaeoenvironment

There were significant differences in
isotope values of leaf components
ovafallvalues not significantly
altered diagenetically, althgy
reconstruction of palaeoenvironment

Pearmaret al., 1976

Arthrotaxis selaginoides (King Billy
pine)

Tasmania

Removed 5-yr blocks of rings
from two trees

Pooled sasmgflevholewood

Off-line combustion

Statistical carpon of isotope data
with local temperature records

Showed a significant cotilavith
temperature, butm®sole influence
on the isotopic composition

Penningtoret al. 1999

Prosopis glandulosa
(Honey Mesquite)

SW USA

Seeds from 15 maternal families
growing along a precipitatioadjent
Grown under controlled conditions

Pooled whealétissue
20 seedlings/family

No data

Looked at variatiorsfC amongst
families to show gemeffects and
compared data with climatic records

The isotopic data indicates there is
genetic variability across the fasili
adaptatioridoal environmental
conditions

Pooleet al., 2002

Pisum sativum (Peas)

Netherlands

Sets of 10 peas (seed coat removed)
subject to series of controlled
combustion conditions in laboratory

lewssue

On-line combustion

Examined changesotope values
due to combustion under range of
temperatures and the implications for
palaeoclimate reconstructions

The plant part examined is important
Combustion teatpe is main
influencisofope value, but can be
corrected for.

Poussart and Schrag, 2005

6 tropical tree species

Thahand

Cross-sections collected from felled
trees from 4 locations
Age models from 14C dating

a-cellulose from visible rings
or microtome slivers at
constant intervals sgsection

On-line combustion

rGuareds°C ands™®O data from
metiseries with rainfall variability and
create isotopic age models for trees
with no visible ring structure

3"C time series showed correlations
with regadrainfall variability
otopE age models used to reconstruct
growth rates, sfigint correlation

Poussaret al., 2004

Tectona grandis (Teak)
Samanea saman (Saur)
Podocarpus neriifolius

(Yellowwood)

Indonesia
Thailand

Core or wedge samples from
2 trees per species

a-cellulose from growth rings
or specific interaatsss
core when rings not clear

On-line, con-flo

Comeds™*C ands*0 data from
tropical species with visible rings

partial rings and ng structure and
local climate data

Possible to obtain sub-annual isotope
timeesefrom tropical species
reflecting local climatic conditon

Rakowskiet al., 2008

Pinus sylvestris
Pinus densiflora

Pinusradiata

Poland, Japan
& Peru

3 core samples/tree
Samples from annual rings removed
using hollow drill, Samples pre-treated
for AMS dating using
acid-alkaline-acid treatment

Wholewood

@n-lin

Examining the Suess effect-lower
radiocarbon concentrations due to

anthropogenic activities

Can use cadmiope values from
tree ringstain secular variations
4iC concentrations of atmospheric
CO; and reconstruction of past
radiocarbon concentrations
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Reference

Species/ material

Location

Sampling mette

\Wood component

Method

Data analysis

Results

Rinneet al., 2005

Pinus sylvestris (Scots Pine)
modern and sub-fossil

N Finland, UK
& Russia

Bulk heartwood and sapwood samples
Sub-fossils grougaedple of 5 trees
*C dated

sirRextracted-cellulose
a-cellulose without resin

extracted

On-line combustion

Compared two pretinemts isotope
values and also did Feuiansform

infrared spectroscopy

Found no difference between the
isotopic values of the two methods

Robertsoret al., 2004

Shorea superba
(Selangan batu)

Sabah, Malaysia

Radial segment from fallen specimen

Age model from 5 high-resolution
*C dates, ring counts and
computerised calibration program

Resin extracted wholewood
from 173 rings

On-line combustion

Caenphe carbon isotope time
series with local climatic data

3"C time series showed the

Vémile" and anthropogenic effects
No evidence of a seasonal response to
climate

Roden, 2008

Pinus ponderosa (Ponderosa Pine)

Sequoia sempervirens (Redwood)

California, USA

4 12mm cores/tree from 5 sites
Ring width measured using
computerised system

Bdalcellulose extracted
from latewood samples
and sub-annual levels

On-line combustion

Ring widtiC ands"0 data
tatissically analysed using computer

Ppro¢EFECHA)

Demonstrated the possibility to use
isotopic tiseeies to cross-date
tree ring sequences

Schleseet al., 1999

Quercus robur, Fagus sylvatica
Pinus sylvestris
Sequoiadendron giganteum
and fossil tree trunks

Germany

Homogenised wood from
whole cross section
10 samples per species,
subjected to artificiahag
using water and heat treatments

Cellulose extraatenh fange
of aged samples & fossils

On-line combustion

Examined changesrimocaisotope
luegaduring aging and compared with
fossil material

There is a 2-stage degradation of
isotope valdepletion (more negative)
fadlblvy enrichment (more positive)

Stuiver and Braziunas, 1987

6 species of conifer

AUS

Pooled samples of tree rings from trunk
sections of 19 deciduous and evergreen
conifers

Cellulestracted

No data

Statistical analysis of pre-186tbpe
data with latitude and climatic data and
Greenland ice cores (temperature)

Found a strong dependency on latitude.

Strongatige correlation with temp
Strong positieewith relative humidity
Also correlations with ice core record

Tardif et al., 2008

Picea glauca (White Spruce)

Subarctic Manitoba,

Canada

Cross-sections from 8 trees

Ring width chronologies created
(1756-2000) using computer program
Analysed 5-year blocks of pooled samples
and individual rings

a-cellulose extracted from

entire ring

On-line, con-flo system

tatiStical and mathematical detrending
of §°C time series to remove the
anthropogenic effect, correlated data
with ring widths and climatic data

Time sévbno correlation with ring
width, positive cotrefewith summer
temperatmddength of growing
season. Carvid®long-term climate
proxy records

Tarhule and Leavitt, 2004

Isoberlina daka
Daniéllaoliverim
Tamarindusindica

West Africa

Core. disc samples from 9 trees
from 4 locations
Cross-dated using ring sequences

Holabzge from growth rings

On-line, con-flo system

n@uarison of carbon isotope time
series of the 3 species

All time seriesvea inter-annual and
season response to clametean
provide proxy for seasonal rainfall

Turekianet al., 1998
Ballentineet al., 1998

2 Gtree spp. and 3.Qrass spp.

Namibia
South Africa

Collected ash & aerosol

samples from natural burns

Wrezléhulk samples,

ashed riaditererosol

Off-line combustion

Compared nisaiope values of

sample types.

£values showed no difference in

5"°C values between sample types
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Reference

Species/ material

Location

Sampling mette

\Wood component Method

Data analysis

Results

California, USA

Controlled burns in laboratory

cooments and lipids

C, samples show fractionation effect
between bulk and combusted material

Turneyet al., 2006 Eucalyptus spp. Australia Wood samples from 6 years of growth rings Wholewood and charcoal On-line, con-flo system Parad isotopic values to determine The time leo§ttombustion has
Quercus robur collected from each species, chipped, the effects of combustion temperature no effedherfinald"C result, but
Pinusradiata homogenised and combusted at and length on carbon isotope values become prsigedss depleted
range of temperatures and times fractionation in“C as temperature increases
under reducing and oxidising conditions
van Bergen and Poole, 2002 Archaeological andlfassid Antarctica Samples of fossil wood and Peaied insoluble wood organic On-line combustion ridrad variation in isotope values Differences'iiC values due to
Germany sub samples from archaeological mattepeotlicts of pyrolysis from range of fossils anchaeological changes in chemical composition of

wood from exterior to interior

wood to determine possible source
for this variation

wood over time

Van de Water, 2002

Various;,GC; and CAM species

Utah, New Mexico,
USA

5 random plénuts transects
representing range of
environmental conditions
Twigs, leaves, spines from cardinal points
of each plant, pooled for analysis

Whole tissue. hemicellulose, Oféloombustion

a-cellulose and nitro-cellulose

Statistical comparison of i€
values for the oasitissues

Carbon isotopes show significant

differences between G and CAM
Also differences due to pre-treatment
and tissue type used

Van de Wateet al., 1994

Pinus flexilis

Idaho, Utah, Arizona
Nevada, USA

41 collections of pine needles
from pack rat middens from
last 40ka, AMS dating of needles

Leaf cellulose extracted No data

from needles

Statistical asialgf isotopic data,
stomatal densities from last glacial-
interglacial cycle

5'°C time series provided a proxy
recordlishate change for the last
30ka and showed changes inwate
use efficiency over time

Verheyderet al., 2004, 2005

Rhizophora mucronata
(Mangrove)

Gazi Bay, Kenya

Stem discs from 2 trees
Growth rings identified and
counted and age models developed

Wholewoettllulose
from eaatyd latewood

On-line, con-flo system

Statistical camigon between the
isotopic values of the tissue types

Isotope values of wholewood and
cellulose high correlated, can use
wholewood for creation of
proxy records

Weigl et al., 2008

Quercus patraea (Sessile Oak)

Vienna, Austria

Single trunk disc, annual ringsidiael
into 4 components
Early and latewood, complete ring
and transfer ring (subsequent early and
current latewood used)

Wholewood from 50 year On-line combustion

sequence (1936- 1985)

3%C time series corrected for
changesiospherié*°C

Data correlated with ring component

width

Latewood values shdvesd
sensitivity to climatic variables. No
significantretation to width

Wilson and Grinsted, 1977

Pinusradiata

New Zealand

Trunk section of single specimen, sampl
taken from three annual rings

Cellulose and lignin Off-line combustion

Comphtiene series of the two tissue
types to show inter-annual variability

Both time serigslai amplitude, varied
with temgtere and showed
seasonal variation
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Reference

Species/ material

Location

Sampling mette

\Wood component Method

Data analysis

Results

Lignin values more negative than cellulose
Need to compensate for juvenile effect

Wooleret al., 2004

Rhizophora mangle
(Red Mangrove)

Twin Cays, Belize

Leaf samples collected from
a mangrove peat core, 5cm interval
5 AMS dates for core (850-7840 BP)

WHek tissue On-line, con-flo system

Comparisonarbon isotope data
with pollen analysis to create time series

5"°C data indicated significant changes

in enment through Holocene,
allowing reconstruction of mangrove
ecosystem shifts

Zhao et al., 2006

Cryptomeria fortunei
(Cryptomeria)

Zheijiang Province
China

Trunk discs collected from te
in sub-tropical monsoon zone
All ring sequences cross-dated
using International Tree Ring Data Bank

a-cellulose extracted Off-line combustion
romfentire ring

USEIC time series to model
past atmospheric O@ncentrations,
statistically removed high-frequency
climate driven signal

All 3 time series showee@iding
trend (more negative) in resptmse
changes imaspheric C@concentration
Can provide a proxy for mEstospheric
CQ; variability
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Table 2.2.A summary of papers that have utilised stableo@®tata from tree rings for palaeoenvironmentdaech in southern Africa.

Reference

Species

Location Sampling methods

Woodngponent Method

Data manipulation

Results

February, 1992

Widdringtonia cedarbergensis
Clanwilliam Cedar

Eucalyptus grandis
Eucalyptus

Combretum apiculatum, Protea
roupelliae

SW Cape Province Selected rings from cores, 2 cores

per tree from 6 trees

Mpumulanga Cuttings from trees grown
under 2 water treatments
Mpumulanga Modern charred specimens

& Kwazulu-Natal along a rainfall gradient

Holocellulose from pooled Off-line combustion

correstiog rings

Whole lesdue, leaf cellulose and Off-line combustion

trunk oy

Wholewood,lost and charcoal Off-line combustion

Tegbrelationship between
isotopes and rainfall

Tesgdationship between
isotopes and water availability

Tested i@lahip between
species, tissue type
and rainfall variation

Shows declining atmospheri
G6°C trend
No correlation to rainfall

No significant correlations

3*C differs between 2 species
No correlation € charcoal
with rainfall, suggests mpassible
to use charcoal for climate
reconstruction

Februaryanc van der Merwe
1992

Rhus sp, Diospyros glabrata
Ebenaceae archaeological charcoal

SW Cape Province Wood samples from 4 locations3and
archaeolcgteal
Modern wood samples

combusted in muffle furnace

Pre-treated bulk charcoal Off-line combustion

st&d relationship between
species, tissue type
and rainfall variation

ArchaeologigéC values
vary through time
Thought to be due to
climatic changes, particularly
precipitation

February and Stock, 1999

Widdringtonia cedarbergensis
Clanwilliam Cedar

SW Cape Province Selected rings from cores, 2 cores

per tree from 6 trees

Holocellulose from pooled Off-line combustion

correstiog rings

Taxbrelationship between
isotopes and rainfall

Time series shows
shows declinitrg@spheric
€O, §°C trend
No correlation to
rainfall variability

Le Rouxet al., 1996

Eucalyptus grandis & two hybrids
Eucalyptus

Sabie, Mpumulanga Sampled 3 trees
clone type, 6 types
grown under controlled

water treatments

Combined cradiéibee extracts On-line combustion

Statisticatiteg
against water use
efficiency and ci/ca data

Examined relationship
betwesHiC and water use
efficiency, significant

+ correlation under high

soil water conditions

Norstrémet al., 2005

Breonadia salicina
Matumi

Limpopo Province Discs from 2 trees
Age models from

AMS dating and "wiggle matching”

On-line combustion
in ctisfystem

Cellulose fragible rings
and 5mm intervals

across disc totoe

Detrended to remov
non-climatic trends
Changing atmospherf€
composition

Compared"C time series
with wood anatomy and
local rainfall record
Shows response to water stress
and provides proxy for past rainfall
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Reference Species Location Sampling methods Woodngponent Method Data manipulation Results
Robertsoret al., 2006 Adansonia digitata Kruger National Park, Disc and core samples frame@s Wholewood from 22 rings On-line combustion tr&reded to remove Time series correlates
Baobab Mpumulanga *C dated, rings are annual in con-flo system non-climatic trends positivelytinrainfall

Changing atmosphertiC
composition

Has potential for producing
long-term proxy record

of palaeoclimates with

high temporal resolution

Westet al., 2001

6 forest species including
Podocarpus, Olea & Celtis

W Cape Provéace
KwaZulu-Natal

Cores and leaf samples from trees
growing in shaded and open areas

Whole tissaeHotocellulose
feves and cores

On-line combustion

ANOVA testing of

categories of tissue
type and location
(open vs. closed)

3*C values of both tissue
types shsiwvelar
variability, can determine
recruitment environment
based on differences in inner
and outer ring isotope values

Woodborne and Robertson,
2000, 2001

Acacia erioloba, Prosopis spp.

Namibia

Trunk discs from felled trees, dated
using high-resolutiof'C dating

Whded/from annual rings

On-line combustion

Statistocanparison
between the
isotope values of
both species and local
rainfall

5%C values of the 2
species show different
adaptations to variations

in local water availability
and precipitation

Woodbornest al., 2003

Pinus elliottii, P.patula

Swaziland &
Eastern Cape Province

3 transects along riparian zones sdisc

from 10 trees/transect

Wholewood taken from latewood

of gamvth ring

On-line combustion

5°C values reflected degree
of water stress and
response to variations in
annual rainfall for individuals

grouped samples along transect
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Table 3.1.Full listing of all excavated layers and their@sated letter codes from

the trial trench.

Grey Rocky

Grey Rocky 2

Grey Sand

Grey Sand 2
Pinkish-grey Sand
Reddish-grey Sand
Reddish-grey Sand 2
Light Brownish-grey
Light Brownish-grey 2
Light Brownish-grey 3
Light Brownish-grey 4

GR
GR2
GS
GS2
PGS
RGS
RGS2
LBG
LBG2
LBG3
LBG4

Layer name Abbreviation Grid position
Coffee Co
Buff Bu
Light Brown Mottled Deposit LBMOD
Milk Chocolate MC EAST-ONLY
Espresso Es squares C2, D2
Mousse, Dark Mousse Mou, D Mou D3, E2, E3
Polar Bear PB
Oreo, Oreo 2 Ore, Ore2
Red Decomposed RD
Cadbury, Pumpkin Cad, Pu
Mottled Deposit MOD
Orange Mottled Deposit OMOD
Black Lens in Orange Mottled Deposit OMODBL
Orange Mottled Deposit 2 OMOD2
Black Lens in Orange Mottled Deposit 2 OMOD2BL NGRT
Grey Mottled Deposit GMOD
Brown Mottled Deposit BMOD squares A4, A5
Red Speckled RSp A6, B4, B5, B6,
Yellow Speckled YSp C3,C4,C5,C6
Brown Speckled BSp D4, D5, D6
Brown Speckled 2 BSp2 E4, E5, E6
Spotty Camel SPCA
Black Lens, Orange BL, Or
Midnight Mi
Speckled Sunrise SS
Chestnut, Ebony Che, Eb
Mahogany, Mexican Yellow Ma, MY
Burnt Ochre BO
Pox P
Orange Pox OP
Brown Pox BP
Ivory v
Black Magic BMOD
Chocolate Ch
Sulphur, Sulphur 2 Su, Su2
Pink 1 P1 NORTH
Grey 1 Gl
Chocolate 2 Ch2 TRIAL TRENCH
Yellow 1 Y1 ONLY
Brown/Grey Mix B/Gmix squares B5, B6
Black Lens 2, Black Lens 3 BL2, BL3
Brown Organic, Yellow Mix BOr, Ymix These layers
Yellow Ash 1 YAl are still to be
Yellow Ash 2 YA2 excavated in
Brown under Yellow Ash 2 Br under YA2 the other
Dark Reddish-grey DRG squares
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Layer name

Abbreviation

Grid position

Brown Sand
BEDROCK?

BS
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Table 3.2.Radiocarbon’('C) dates (Wadley and Jacobs, 2004, 2006) and Ok da
(Jacobst al., 2008a, b, Jacobs and Roberts, 2008) from sdléayers from Sibudu

0

DO

O

Cave.
Radiocarbon dates
Lab no. Location Level Sample Age (BP)
Pta-8142 North OMOD2 Charcoal 34 300 + 20(
Pta-8136 North OMOD2-BL Charcoadl > 45 000
Pta-7775 North RSp Charcoal > 41 400
Pta-8017 East Bu Charcoal 42 300 +13
Pta-8137 East RSp Charcoal > 45 200
GrA19670 East BSp2 Bone 28880 +17
OSL dates
final MSA Location Level Sample Age (ka)
SIB11 East Co Sediment 34.7+1.7
SIB10 East Bu Sediment 35.6+2.0
SIB22 East LBMOD Sediment 48.9+2.8
late MSA
SIB14 North MOD Sedimen 48.3+2.0
SIB8 North OMOD Sedimen 48.3+1.8
SIB13 North OMOD-BL Sedimen 47.0+1.8
SIB7 North RSp Sedimeni 46.6+£1.9
SIB12 East RD Sediment 49.0+2.0
post-HP
SIB6 North BSp Sediment 58.0+2.1
SIB4 North SS Sediment 53.6+2.0
SIB9 North P Sediment 59.1+2.2
SIB3 North Ch2 Sediment 58.6 +1.9
SIB2 North Y1l Sedimen 58.2+25
SIB1 North B/Gmix Sedimen 57.8+2.3
Howiesons Poort
SIB15 GR2 Sediment 61.6+1.5
SIB17 GS2 Sediment 63.8+2.5
SIB19 PGS Sediment 64+71.9
Still Bay
SIB20 RGS Sediment 70452.0
Pre-Still Bay
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SiB21
SIB24
SIB23

LBG
LBG2
BS

Sedimen
Sedimen
Sedimen

725+ 2.0
7322.3
77.3+2.2
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Table 4.1.Radiocarbon analyses of seleckéinusops caffra rings from Umhlanga 1.

The range for the possible calibrated dates foi9Bi8 is b.

Percent Modern

Anal. No. Sample designation | 8"3C (%o)pps Carbon Calibrated date
Pta-9503 Umhlanga 1 ring 17 -25.5 118.6 +0.2 AbB1ler 1987
Pta-9515 Umhlanga 1 ring 25 -25.3 131.6+0.2 AbB3ér 1979
AD 1688-1732 or
Pta-9518 Umhlanga 1 centre rings -26.2 98.8 + 0.95 AD 1811-1938
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Table 5.1.Statistical relationships and correlations betwaeadlern core and branch

83C values and annualised local rainfall, temperadme humidity data.

Sample n P P-value Correlation
Core 2
Rainfall 47 0.003 0.295 -0.16
Temperature 47 0.285 <0.000001 -0.55
Humidity 21 0.246 0.013 -0.53
Core 3
Rainfall 43 0.066 0.053 -0.30
Temperature 43 -0.0006 0.329 0.15
Humidity 20 0.41 0.001 -0.66
Branch B
Rainfall 11 0.292 0.049 -0.60
Temperature 11 -0.09 0.765 -0.10
Humidity 11 0.81 <0.000001 -0.91
Core 4
Rainfall 41 0.014 0.216 -0.20
Temperature 41 0.268 0.0003 -0.54
Humidity 19 -0.01 0.403 0.20
Branch C
Rainfall 13 0.28 0.036 -0.58
Temperature 13 -0.03 0.444 0.23
Humidity 13 0.218 0.061 -0.53
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Table 5.2.Summary statistics for the mean modern (Seaton #atlBaviaans Kloof)

Podocarpus carbon isotope data and mean archaeolofwaddcar pus andCeltis

charcoal carbon isotope data from Sibudu Cave.

Modern Seaton Park Branches Baviaans
Wholewood Reduced Oxidised Wholewood
Period Modern Modern Modern Modern
Age 2005 2005 2005 ~1994
Mean -24 -25.23 -24.86 -21.70
Median -23.92 -25.04 -24.68 -21.66
Std dev. 0.95 0.97 1.01 0.69
Variance 0.9 0.95 1.03 0.47
Range 4.55 4.65 4.92 5.25
Minimum -26.44 -28.07 -27.92 -25.32
Maximum -21.89 -23.42 22.8 -20.07
N 97 75 71 303
Archaeological Podocarpus
RSp SPCA G Rocky G Sand
Lithic designation late MSA post-HP HP HP
Age 46.6+1.9ka ~58ka >60ka >60ka
Mean -24.06 -22.44 -24.62 -24.39
Std dev. 0.42 0.13 111 0.59
Variance 0.18 0.02 1.23 0.35
Range 1.30 0.50 5.03 2.17
Minimum -24.72 -22.68 -27.08 -25.07
Maximum -23.42 -22.17 -22.06 -22.90
n 15 20 57 65
Celtis
OMOD SPCA G Sand
Lithic designation late MSA post-HP HP
Age 48.3 + 2.0ka ~58ka >60ka
Mean -24.27 -23.24 -24.47
Std dev. 0.46 0.53 0.13
Variance 0.21 0.28 0.02
Range 2.11 2.09 0.40
Minimum -25.67 -24.86 -24.72
Maximum -23.56 -22.77 -24.32
n 36 12 7
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Table 6.1 Sibudu Cave: summary of proxy environmental evige Stratigraphy (Wadley and Jacobs, 2006), agesbst al., 2008a, b),
formal and informal lithic designation (Wadley adcobs, 2006), isotopic data (Hetlkl., 2008), botanical (Allott, 2006; Renaut and Bardfo
2006; Sievers, 2006; Wadley, 2004) and faunal (@&, 2006; Clark and Plug, 2008; Glenny, 2006gP2004, 2006; Wells, 2006), geology

and mineralogy (Pickering, 2006, Schiegél., 2004; Schiegl and Conard, 2006) and magnetioepibility (Herries, 2006).

Layer Age Lithic General environmental Carbon Seeds Charcoal Phytoliths & Macrofauna Microfauna Minera  logy Mag
(ka) Designation trends Isotopes Pollen Sus.
Occupational hiatus
~48ka occupation
High calcite, high
PB late MSA Also overall increase gypsum
High calcite, high
Ore, Ore2 in deciduous species gypsum
49.0 £
RD, RSp 20 Calcite, high gypsum
Cad, Pu Gypsum
48.3 + High calcite, high
MOD 2.0 Pavetta sp., Sedges Acacia, Erica Large and med. gypsum Warmer
48.3 + High calcite, high
OMOD 1.8 Cooler with more Celtis Pavetta sp., Sedges Acacia, Erica bovids gypsum Warmer
47.0 %
OMODBL 1.8 deciduous taxa more negative Pavetta sp. Large and med.
OMOD2 Pavetta sp. bovids
OMODBL Pavetta sp. Large and med.
GMOD,
BMOD Pavetta sp. bovids
46.6 £
RSp 19 Warming period with Podocarpus Phoenix reclinata Acacia, Erica, Podocarp Large and med. Mastomys natalensis Calcite, high gypsum Warmer
Ysp highly mosaic environment more negative Pavetta sp., Sedges Grass bovids indicates succession Gypsum
Occupational hiatus
~58ka occupation
58.0 +
BSp 21 Post-Howiesons Cooler and drier phase with Asparagus sp. Erica, Acacia, Ficus Large and med. High calcite, gypsum
BSp2 Poort increased grasslands Asparagus sp., Sedges bovids Calcite, gypsum
High calcite, high
SPCA Warmer conditions with Celtis & Podocarpus Asparagus sp., Sedges Erica, Podocarp, Leuco Very large bovids gypsum
BL, Or increased woodlands less negative Sedge, Acacia, Large bovids
Mi Cooler phase, more grassland Overall seed assemblage Grass Large bovids High gypsum
53.6
SS 2.0 dominated by evergreen Large bovids High gypsum
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Layer Age Lithic General environmental Carbon Seeds Charcoal Phytoliths & Macrofauna Microfauna Minera  logy Mag
(ka) Designation trends Isotopes Pollen Sus.
Che, Eb Warm, dry period species Dry-adapted species Large bovids Mastomys natalensis Gypsum Cool
Ma, MY present in assemblage Large bovids indicates succession Gypsum
BO Cold phase and very dry with Asparagus sp. Acacia, Erica, Ziziphus Large bovids Gypsum
P 5%.121 very reduced forested areas Asparagus sp. Large bovids Gypsum Warm
OoP Asparagus sp. Large bovids High gypsum Warm
BP Warming period, cooler and Asparagus sp., Podocarps Acacia, Grass, Large bovids Gypsum
v drier than present Asparagus sp., Podocarps Fern, Sedge Large bovids Gypsum
BM Asparagus sp., Podocarps Large bovids Gypsum
Ch Asparagus sp., Podocarps Large bovids High gypsum
Su, Su2 Asparagus sp., Podocarps including species High gypsum Warming
G1 Sedges such as buffalo and High gypsum Cold
58.6 +
Ch2 1.9 Coldest period in the MSA with Sedges Grass, Sedge equids present High gypsum Cold
Y1 5%.251 more open savanna and Sedges Large bovids High gypsum Cold
B/Mix 572..%t grassland environments Sedges Acacia, Grass Large bovids High gypsum Cold
BL2, BL3 Sedges Large bovids High gypsum Cold
Bor, Ymix Sedges Large bovids Gypsum Cold
YAL Sedges Large bovids Calcite, gypsum Cold
YA2 Sedges Large bovids Calcite, gypsum Cold

Br under YA2

Potential hiatus

62ka to 65ka occupation

GR Howiesons Poort Cold, humid and moist Celtis & Podocarpus Sedges Podocarpus dominates Small forest species Gambian Giant Rat & Calcite, gypsum
GR2 conditions with predominance more negative Sedges the assemblage and and lots of aquatic Geoffroy's Horseshoe Calcite, gypsum
GS of evergreen forests dominated Podocarpus values Sedges other forest species species Bat indicate forests & Calcite
GS2 by Podocarpus have high variability Sedges present Blue duiker dominant humid conditions Calcite
PGS Sedges High calcite
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Table 6.2.Summary statistics for the mean modern (Seatcdk &at Baviaans Kloof)
Podocar pus 5'°C data and mean archaeologiPatiocarpus andCeltis charcoal
carbon isotope data from Sibudu Cave. This talderporates isotope data from Hall
et al (2008) and new values obtained from subsets otoahsamples that were
further treated using the acid-alkali-acid (AAA) tined.

Modern Podocarpus
Baviaans Kloof, Eastern
Seaton Park Branches, KwaZulu-Natal Cape
Period Modern Modern
Date 2005 ~1994
Wholewo Wholewo
od Reduced Oxidised od
Mean -24 -25.23 -24.86 -21.70
Std dev. 0.95 0.97 1.01 0.69
Variance 0.9 0.95 1.03 0.47
Range 4.55 4.65 4.92 5.25
Minimum -26.44 -28.07 -27.92 -25.32
Maximum -21.89 -23.42 22.8 -20.07
n 97 75 71 303
Archaeolog
ical Podocarpus
RSp SPCA G Rocky G Sand
Period Late MSA Post-Howiesons Poort Howiesons Poort Howiesons Poort
Date 48.4 +1.7ka ~58ka 62ka-65ka 62ka-65ka
AAA Origin Original AAA Origin
Original AAA subset Original subset al subset subset al
Mean -24.06 -23.80 -22.44 -22.60 -24.62 -24.37 -24.52 -24.39
Std dev. 0.42 0.39 0.13 0.17 1.11 0.67 0.50 0.59
Variance 0.18 0.15 0.02 0.03 1.23 0.45 0.25 0.35
Range 1.30 1.42 0.50 0.57 5.03 3.14 2.06 2.17
Minimum -24.72 -24.62 -22.68 -22.98 -27.08 -25.48 -25.04 -25.07
Maximum -23.42 -23.20 -22.17 -22.41 -22.06 -22.34 -22.98 -22.90
n 15 15 20 19 57 23 23 65
Correl 0.68 0.38 0.61
Covar 0.10 0.01 0.20
Celtis
OMOD SPCA G Sand
Period Late MSA Post-Howiesons Poort Howiesons Poort
Date 50.3 +2.1ka ~58ka 62ka-65ka
Original AAA AAA Origin AAA
Original subset subset Original subset al subset
Mean -24.27 -24.01 -24.77 -23.24 -23.40 -24.47 -24.92
Std dev. 0.46 0.26 0.27 0.53 0.54 0.13 0.16
Variance 0.21 0.07 0.07 0.28 0.29 0.02 0.03
Range 211 0.89 1.04 2.09 1.62 0.40 0.46
Minimum -25.67 -24.45 -25.39 -24.86 -24.39 -24.72 -25.20
Maximum -23.56 -23.56 -24.35 -22.77 -22.78 -24.32 -24.74
n 36 16 16 12 12 7 7
Correl 0.68 0.75 -0.13
Covar 0.18 0.01 -0.01
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Table 7.1. Optically Stimulated Luminescence (OSL) datedlier pre-Still Bay, Still
Bay, Howiesons Poort, post-Howiesons Poort, latefaral Middle Stone Age levels
from Sibudu Cave (Jacobs and Roberts, 2008; Jatabs 2008a, b).

Sibudu OSL dates
final MSA Location Level Sample Age (ka)
SIB11 East Co Sediment 347+ 1J7
SIB10 East Bu Sediment 35.6+20
SIB22 East LBMOD Sediment 48.9+2.8
late MSA
SIB14 North MOD Sediment 48.3 £ 2.
SIB8 North OMOD Sediment 48.3+1.
SIB13 North OMOD-BL Sediment 47.0+1.
SIB7 North RSp Sediment 46.6+1.p
SIB12 East RD Sediment 49.0+2p
post-HP
SIB6 North BSp Sediment 58.0+2.1
SIB4 North SS Sediment 53.6+2.
SIB9 North P Sediment 59.1+2.?2
SIB3 North Ch2 Sediment 58.6+1.9p
SIB2 North Y1l Sediment 58.2 + 2.1
SIB1 North B/Gmix Sediment 57.8+2.3
Howiesons Poort
SIB15 GR2 Sediment 61.6+1.5
SIB17 GS2 Sediment 63.8+2.p
SIB19 PGS Sediment 64.7+1Pp
Still Bay
SIB20 RGS Sediment 70.5+2.0
Pre-Still Bay
SIB21 LBG Sediment 725+ 2.(
SIB24 LBG2 Sediment 73.2+2.3
SIB23 BS Sediment 77.3+2.%
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Table 7.2.Summary table for Sibudu Cave and other Middlen&tage sites cited. The general location, age rahafeng techniques, dating

references, available range of environmental psoarea hiatus type is provided for each site. Hggtted OSL ages correspond to highlighted

references and are considered to be the most apldic

Site

Location

Age range

Dating techniques

Datingr  eferences

Environmental proxies

Hiatus type

Sibudu Cave

40km north of Durban
15km form coastline

KwaZulu-Natal

Iron Age: ~1000 BP
final MSA: ~35ka
late MSA: ~48ka
post-HP: ~58ka
HP: 65ka-62ka
Still Bay: 70.5ka

Pre-Still Bay: 77ka-72ka

Radiocarbon (**C)
osL
osL
osL
osL
osL
osL

Wadley and Jacobs, 2004
Jacobs, 2004
Jacobs and Wadley, 2006
Jacobs et al., 2008a, b

Jacobs and Roberts, 2008

Botanical: seeds, charcoal,
pollen, phytoliths
Faunal: Macro & microfauna,
molluscs
Sedimentology & geology
Magnetic Susceptibility

Isotopic analysis of charcoal

3 hiatuses with no deposit
present, may have been

removed by wind action

Border Cave

Southern Lebombo
Mountains

Close to Swaziland border

Northern KwaZulu-Natal

Iron Age
ELSA: ~38ka
Howiesons Poort: ~55-75ka

MSA I

Radiocarbon (**C)
AAR
ESR

Butzer et al., 1978; Beaumont et al., 1978
Miller et al., 1993
Griin et al., 1990a

Griin and Beaumont, 2001

Faunal: Macro & microfauna
Sedimentology & geology
Lithostratigraphy

Isotope analysis of eggshell

Numerous, culturally sterile
deposits formed by natural

processes, spalling, erosion

Rose Cottage Cave

Platberg, near Ladybrand

Eastern Free State

LSA
ELSA: ~29-40ka
post-HP: 56ka

Howiesons Poort: 65ka-63ka

Radiocarbon (**C)
osL
TL

Wadley & Vogel 1991
Jacobs, 2004; Pienaar et al., 2008
Tribolo et al, 2005; Woodborne and Vogel 1993
Jacobs and Roberts, 2008

Faunal: Macro & microfauna

Botanical: charcoal, pollen

Orange Sand layer: sterile

aeolian sands: ~39-55ka

Klasies River

Southern Cape coast

Overlooking Indian Ocean

MSA IIl: ~>45-50ka

Howiesons Poort: 65ka-63ka

Pre-HP: 72ka-71ka

MSA II: ~75-94ka
MSA I: ~90-115ka

Radiocarbon (**C)
AAR
OIS correlation
Palaeoenviro-proxies

Uranium series

Vogel, 2001
Bada & Deems, 1975
Deacon & Geleijnse, 1988; Shackleton, 1982
Butzer, 1978; Deacon, 1989

Vogel, 2001

Faunal: Macro & microfauna
Botanical: geophytes
Sedimentology & geology

Lithostratigraphy

Long hiatus: 12.5-50ka
when

cave sealed by dune sands
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Site

Location

Age range

Dating techniques

Datingr  eferences Environmental proxies

Hiatus type

OoSsL
ESR

Feathers, 2002; Tribolo et al., 2005
Griin et al., 1990b

Jacobs and Roberts, 2008

Boomplaas Cave

Foothills of the Swartberg
in the Cango Valley

Southern Cape

LSA
ELSA: ~21ka
post-HP: >40ka
Howiesons Poort: ~55-65ka

MSA 2

Radiocarbon (**C)
Palaeoenviro-proxies
U-Th
AAR

Fairhall etal., 1976 Botanical: seeds, charcoal,

Deacon et al., 1984 pollen, macrobotanical remains

Vogel, 2001 Faunal: Macro & microfauna

Brooks et al. 1993; Miller et al, 1999 Sedimentology & geology

Numerous short hiatus
periods

with sterile deposits due to

natural processes

Blombos Cave

On coast overlooking the
Indian Ocean

South-western Cape

LSA: ~2ka
3 MSA phases, including
Still Bay: 85ka-76ka, 73ka
MSA 2: ~99-143ka

Radiocarbon (**C)

OosL

ESR
TL

d'Errico et al, 2001 Faunal: Marine fauna, shellfish

Henshilwood et al., 2001; Vogel et al., 1999 Sedimentology & geology
Jacobs, 2004, 2005;
Jacobs et al. 2003a, 2003b, 2006
Jones, 2001

Tribolo et al., 2005, 2006

LSA and MSA separated by
sterile aeolian dune sands

dating to 67.8+4.2ka

Diepkloof

Lower section Verlorenvlei
18km from Elands Bay

North-western Cape

LSA: ~1800 BP
Howiesons Poort: 63ka-58ka

Still Bay: 73ka-71ka

Radiocarbon (**C)
Radiocarbon (AMS)
OosL
TL

Parkington and Poggenpoel, 1987; Botanical: charcoal

Parkington, 1990 Faunal: Macro & microfauna

Parkington, 1999 Sedimentology & geology
Parkington et al, 2005

Tribolo, 2003, Tribolo et al., 2005

Jacobs and Roberts, 2008

Long hiatus from

~55-2ka

Wonderwerk Cave

Kuruman Hills, west of the
Gaap Escarpment

Northern Cape

MSA (incld Howiesons Poort):

~70-220ka

U-Th

Johnson et al, 1997 Faunal: Macro & microfauna

Johnson et al, 1997 Sedimentology & geology

Beaumont and Vogel, 2006

Long hiatus from 70-12.5ka
layers of culturally sterile
deposits due to natural

processes
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APPENDIX A:

Detailed pre-preparation methods for wholewaosdellulose and charcoal samples

for stable carbon isotope analysis and high precisadiocarbon dating.
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A.1. Collection and treatment of trunk disc, branchand core samples

A series of modern trunk discs, core and branctpssrirom three indigenous
species were collected to provide a range of an&ldgta to create absolute annual
chronological isotopic records of environmentapsses to prevailing climatic
conditions. Trunk discs fromlimusops caffra were taken from two specimens that
had been cut down as part of urban developmengqiroj the Umhlanga region north
of Durban. A single trunk disc fromRodocar pus falcatus was obtained from the
Baviaans Kloof region in the Eastern Cape Provir@ace the trees had been felled,
suitable discs, 15cm to 25cm thick, were cut fromntrunk using a chainsaw or bow

Saw.

Core samples frorRodocar pus latifolius were removed from selected specimens
growing in Seaton Park, north of Durban, using md®increment borer. In all cases
cores were removed from the main trunk at a heght5cm to 125cm from the
ground. The increment borer was driven in as $guassible and the core sample
carefully extracted and stored in 12mm diametepeopiping to prevent breakage.
The borer was then removed from the trunk. Alltibées in the trunks were sealed
with tree sealant to prevent further damage arettidn. Branch samples were also
collected from the same trees that were cored. bféweches had a diameter of 30mm

to 60mm and were 15cm to 20cm in length.
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Table A.1. GPS co-ordinates for all sites from where sampie® collected.

Location Province Species analysed GPS co-ordinates

Sibudu Cave KwaZulu-Natal Podocarpus andCeltis 29°31'2134"S
archaeological charcog 31°05'07 94" E

Seaton Park KwaZulu-Natal Podocarpus latifolius 29°47'32 39" S
31° 0120 62" E

Admiralty Beach KwaZulu-Natal Mimusops caffra 29° 45'06 26" S
31°04'19 17" E

Umhlanga Rocks KwaZulu-Natal Mimusops caffra 29°43'3096" S
31° 0514 11" E

Baviaans Kloof Eastern Cape Podocar pus falcatus 33°40'09 69" S
24° 34'39 26" E

On return to the laboratory, the trunk discs wafteelled, sectioned parallel to the
growth axis, and the transverse sections sandédanelt sander using progressively
finer grades of sandpaper (grades P22, extra c(B26@um) to P240, extra fine
(40um)) until the growth ring sequences were cjeadible (Fig. A.1). Grades for

the sandpaper used are reported in internatiogtdlydardised terminology (Orvis
and Grissino-Mayer, 2002). Core samples were &ddor three weeks. They were
mounted between recessed blocks using cold gluge(Pand then cut in half using a
band saw (Fig. A.2). Core samples were sandeckisdime manner as the discs.
Samples for carbon isotope analysis were taken éoenhalf and the other was
retained as a witness section. Three sectionspaippately 15mm in thickness were

cut from each branch and sanded to reveal thewtbrangs.

The growth rings were traced around the circumfegenf each disc and branch
section and across each core using a binoculapstope and an incident light
source. The total number of growth increments @sablished for each disc/core and
each ring numbered from the exterior to the ceofttbe disc/branch or length of the
core. This was necessary to ensure the accutatai@bn of each sample to their
respective rings. Once the growth rings were tracgukncil, they were scored with a

sharp blade along the longest transect from tleggattion of the bark and cambium
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to the centre of the disc (Fig A.1). This was donerder to obtain the maximum
number of samples for isotopic analysis duringgrevth period of the tree/branch.
The core samples were marked in a similar fastiamnA.2). Every tenth ring was
marked with a nick to aid in counts and to fadiétaampling for high precision
radiocarbon dating. The discs, branches and eeees lightly sanded removing all
pencil marks to avoid sample contamination.

Figure A.1. Sample transect across a sanded trunk distimfisops caffra from
Admiralty Beach, KwaZulu-Natal.

Figure A.2. A prepared core frorRodocarpus latifolius from Seaton Park, showing

the witness section (top) and the sampled sectitnsample and ring numbers.
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Branch samples were used to compare carbon isgtdpes under reducing and
oxidising conditions (Fig. A.3). Three adjacentadisvere cut from each branch with
each slice 15mm thick. The first disc was left wwdt as a control to provide
wholewood samples. A second disc was tightly wealpp a double layer of heavy
duty aluminium foil to exclude any oxygen. Thesgcdiwere then placed in a muffle
furnace, preheated to 450°C and left for two hodrsis produced charcoal under
reducing (Q-free) conditions. The disc were removed from tiradce and allowed
to cool. The third set of discs was placed onilectovered grid over an open wood
fire to simulate natural burning conditions and \esuntil completely charred (Fig.
A.4). This method produced charcoal under oxidig{dgrich) conditions. This
process took less than 15 minutes for the largest(@0mm in diameter) and
approximately five minutes for the smallest (30nmadiameter). Once the discs were
completely carbonized, the combustion process \atischto prevent the discs

becoming completely converted to ash.

Figure A.3. Three discs from a singkodocarpus latifolius branch. From left to
right: Disc burnt under reducing conditions, un#iutisc and disc burnt under

oxidising conditions.
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Figure A.4. Branch samples combusting under oxidising conuatio

Samples for isotope analysis were drilled out ftbmtrunk and branch discs using a
2mm drill bit. The first sample was taken from theersection of the bark and the
most recent growth ring (Fig. A.5). The second danmaas taken slightly offset from
the first, but with some overlap to ensure thab@tiouous sample of wood tissue is
taken across the entire growth sequence of eagfatr@ to provide sub-annular
samples from the wider growth rings. The samplesewdrilled out in batches of
twenty. Each batch was assigned an alphabetit daldeeach sample numbered from
one to twenty, e.g. Al to A20, B1 to B20. Each gkmwas drilled out to a depth of
approximately 10mm. The material removed by agjlivas carefully collected using
a paintbrush and a sheet of weighing paper. Torerbat sufficient material was
available, 15mg to 25mg of wood tissue was remdrad each drilling. Each
sample was placed in a 15ml plastic container wisimap lid and carefully labelled
e.g. Umhlanga 1 C17. Each batch of twenty sampéesstored in a labelled zip-lock
plastic bag, prior to further pre-treatment. Saesgtom the cores were removed
using a woodworking burr, collected, labelled atatesd in the same manner as the
drilled samples. In the case of the core samptespverall amount of wood tissue
taken per drilling was more substantial due toléinger type of drill bit used and
therefore the sub-annual resolution was not asaa#hose taken from the discs.
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Figure A.5. Close-up view of samples drilled frofedocar pus fal catus from
Baviaans Kloof, Eastern Cape. The first sample (#€s been taken at the boundary
between the bark and the first growth ring (left).

A.2. Pre-treatment of wood samples for radiocarbomating

It was necessary to establish if the growth riregnswere representative of an annual
growth cycle in order to allow the isotopic datédo®compared with the climatic data
on a sub-annual basis. Three samples were prefmarkih precision radiocarbon
dating from the Umhlanga 1 trunk disc using theladkali-acid (AAA) treatment
(Lermanet al., 1970; Vogel and Waterbolk, 1967; Vogel and Mara$1).

The central core was carefully drilled out andwu®d collected (Fig. A.6). In order
to have sufficient material (20g to 25g) for a hgglecision date, approximately 10
rings were removed from the centre of the disc.o Bditional rings were selected
using the convention of counting backwards fromlthek towards the centre of the
tree in the anticipation that they would correlatth the years AD 1987 and AD
1979 respectively. Samples of 20g to 259 from edichese rings were shaved off,
taking care to avoid contamination from adjacemysi The samples each were split
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into small fragments and weighed. The samples plaieed in clearly labelled Pyrex

beakers and the following chemical treatment ofwbed carried out.

The wood samples were covered with a 2% gig$olution and placed in an oven
overnight at 70°C. The HCI solution was decantadl the samples washed with
distilled HO until reaching a pH of 4. A solution of 2% NaQkjwas added to the
samples and they were placed in an oven overntigh@°€. The NaOH solution was
decanted and the samples washed with distillgd &htil reaching a pH of 8 and the
wash water was clear. A second treatment of 2%d®as added and the samples
placed in an oven overnight at 70°C and then thgptes were decanted and washed
with distilled H,O until reaching a pH of 4. The washed sampleg\p&ced back
into the oven and allowed to dry out. They weentheweighed. A minimum of 8.5g
of sample was required for high precision datinge $amples were then combusted
and the carbon dioxide produced was collected anifigtd. Measurements were
carried out on the samples at the Ecosystem Presassl Dynamics (EPD)
laboratory at the CSIR in Pretoria.
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Figure A.6. Trunk disc ofM. caffra from Umhlanga Rocks, KwaZulu-Natal showing
the removal of the central growth rings for higkegsion radiocarbon dating.
Approximately 10 rings were sampled.

A.3. Chemical pre-treatment of wood and charcoal saples

The method used to pre-treat wood samples waallgitieveloped by Green (1963)
and adapted by Loadetal. (1997). This method allows for the rapid batch
processing of numerous small wood samples foretzdalbon isotope analysis.
Originally this method was developed for processuogd samples ta-cellulose.
However, recent research on wood cellulose preparatethods have shown that the
Soxhlet extraction step is not necessanygkllulose is isolated (Boettgetrral., 2007;
Rinneet al., 2005). The method has been adapted for tbjegirwith the pre-
treatment proceeding to the end of the Soxhletlldigdn and no further. An
experiment was conducted to compare wholewdddd values withy-cellulosed™*C
values and results indicate that suitable isotogsalts can be obtained from
wholewood samples (Chapter 4). Charcoal sampégs pre-treated using a similar
method used for radiocarbon samples.
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A.3.1. Soxhlet distillation:

All the wood samples were run through a Soxhldilidison process to remove all
resins, oils and waxes present in the wood tis3ine removal of such components is
particularly necessary for softwood species, swdPodocarpus. These mobile
components move through wood tissue during tissuadtion and have an effect on
carbon isotope ratios. Their carbon isotope conipposwill not necessarily be
reflective of the environmental conditions occugragturing the formation of cellulose

and lignin from a particular year and thereforeegivmixed isotopic signal.

Each wood sample was placed in a clean and cliedmled 70mm borosilicate
Soxhlet extraction thimble with a No. 2 sinteredgd filter in the base. A record was
kept of which sample was placed in which thimblsugr that the sequence of wood
samples was not altered. This was important aswaod sample from a particular
tree is representative of a specific growth penothe tree’s lifespan.

The thimbles with samples were placed in a Soxdpearatus and underwent a two-
stage extraction process (Fig. A.6). All reagemsisduin this study were standard
laboratory grade and were used without furtherfimation. Each Soxhlet apparatus
could hold twelve thimbles and for each extrac8tage, two units were used,
allowing 24 samples to be prepared at a time. rigutthe first stage, samples were
processed with a 2:1 toluene-ethanol azeotropi¢urexor six hours. The thimbles
were removed and dried overnight in an oven s@0G5C. The following day the
samples were processed with 100% ethanol for sixshand dried. The wood
samples were carefully removed from the thimblasraplaced in their original,
cleaned containers prior to being analysed on thesmpectrometer. The toluene-
ethanol and ethanol were replaced on a regulas basivoid any sample
contamination. After each two-stage processinggtktraction thimbles are carefully
washed and cleaned to avoid contamination. Timelileis are placed in chromic acid
(chromium (111) oxide, C#O3, in 80% sulphuric acid) for twelve hours and then
washed repeatedly with distilled water and drigtle chromic acid ensures that any

organic matter is removed from the thimbles.
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Figure A.7. Soxhlet distillation apparatus for extracting rasioils and waxes from

wood samples.

A.3.2. Isolation ofa-cellulose:

At the start of the study an experiment was caroigicdto compare carbon isotope
values of wholewood angicellulose from the same samples. This was done to
determine the manner in which the remainder oktmaples would be pre-treated.
The results of this experiment are presented irp@&na.a-cellulose was isolated
using the following method.
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After Soxhlet distillation, the wood samples wez#t In the engraved Soxhlet
thimbles. Two 400ml Pyrex beakers were filled vdtktilled water and heated to
70°C on a hot plate. A thermometer was used tarertbe temperature remained
constant. Twelve thimbles were placed in each beahka allowed to partially fill

with water. A small amount of acidified sodium atile (NaCIQ (5q) Solution was
added to each thimble and left to react for 60 t@su This entire process must take
place in a fume cupboard as potentially dangerblioe dioxide (CIQ) gas is

produced during the reaction.

After 60 minutes, each sample was filteredacuo and placed back in the beakers.
A second amount of (NaC}Qy) was added to the samples and allowed to react
again. This process can be repeated up to eigbstor until the samples appear
completely white. In the case of this projectellulose was isolated after two to
three bleaching procedures. This was due to ttdliat the samples were very
small. Larger samples will take longer.

Once the samples were bleached, they are be wastiedistilled water and filtered
in vacuo for a minimum of five additions. The temperatafeéhe water baths was
increased to 80°C and the thimbles placed badkamiater. The thimbles were then
filled with 10% NaOHaq and allowed to react for 45 minutes. The sampia®

then filteredin vacuo and washed with distilled water (min. 5 addition$he water
was drained off from the beakers and replaced aigtilled water at room
temperature. The samples were placed back in ther wad the thimbles filled with a
17% NaOHaq) solution and allowed to react for 45 minutes. yitvere then filtered
in vacuo, washed with 17% NaOR, with distilled water and then washed with 1%
HCl .y After the acid wash, the samples were repeatedhed with distilled water
until pH neutral. The samples were dried in annoae60°C overnight.
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A.4. Collection of archaeological charcoal samples

A.4.1. Charcoal analysis from Sibudu Cave

An analysis of charcoal from the MSA layers hashbegaried out by Allott (2004,
2005, 2006) characterising temporal changes intaéiga and wood use at the site.
The identification of the various taxa was donengsiharacteristic wood anatomy
features visible under an incident light microscapd a scanning electron
microscope and comparing these with a series ofenmocharcoal reference
collections. The charcoal subjected to stableararbotope analysis in this project
was derived from the material analysed by Allo@(2, 2005, 2006). For a detailed
explanation of Allott's sampling and identificatiomethodology, please refer to Allott
(2005).

A.4.2. Selection of charcoal for isotopic analysis

Two generaPodocarpus andCeltis, were selected for stable carbon isotope analysis.
Both genera were been identified in three MSA mirigHowiesons Poort, post-
Howiesons Poort and late MSA). Charcoal identisceitheiPodocarpus or Celtis

by Allott was removed from the assemblages reptagethe three periods. Charcoal
fragments identified aBodocarpus were taken from layer RSp (late MSA, ~48ka),
SPCA (post-Howiesons Poort, ~58ka) and layers ®eaoky (GR) and Grey Sand
(GS) representing the Howiesons Poort (65ka-62Kaltis charcoal fragments were
taken from layer OMOD (late MSA), SPCA (post-Hovaas Poort) and layer Grey

Sand (GS) representing the Howiesons Poort.

A.4.3. Treatment of archaeological charcoal

Each charcoal fragment was initially manually ckduto remove any contaminants
on the surface. They were then sub-sampled. Wsnagor blade, the fragments were
carefully cut into smaller fragments and placethbrelled 15ml plastic containers

with snap lids. Where possible, fragments weresarpled along visible growth
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ring sequences. The samples were then ready éonichl pre-treatment prior to

isotopic analysis.

Charcoal samples were placed in clearly labella@®Piest tubes and covered with a
1% HCl gy solution. The test tubes were packed in to sheskers to prevent
spillage and placed in an oven at 100°C overnigihe following day, the samples
were removed and allowed to cool. They were reguhatvashed with distilled water
until pH neutral. The samples were once againgolac an oven and allowed to dry.
After drying they were replaced in their respeciastic containers to await isotopic

analysis.

A subset of charcoal samples was subjected toiadditpre-treatment to ensure that
there were no post-depositional contaminants pteasimg the acid-alkali-acid

(AAA) method. Charcoal samples were placed in ¢ydabelled Pyrex test tubes and
covered with a 0.5% NaOH] solution. Due to the fragile nature of the chatand
potentially aggressive reactions to the Na@igolution, all the samples were placed
in a refrigerator overnight. The following day tbe&mples were repeatedly washed
with distilled water until pH neutral. The samplesre then again covered with a 1%
HCI (a9 solution and placed in an oven at 100°C overnighe following day, the
samples were removed and allowed to cool. Theyp wegeatedly washed with
distilled water until pH neutral. The samples wenee again placed in an oven and
allowed to dry. After drying they were replacedlieir respective plastic containers

to await isotopic analysis.
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APPENDIX B:

Botanical and environmental information on the sielé tree species used in the

analysis.
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B.1. Mimusops caffra

Taxonomy:

Family: SAPOTACEAE
This is a large family occurring in predominantiggical and sub-
tropical areas. The family is characterised byptesence of a milky
latex or sap present in the bark, branches, leavédruit. There are
four species oMimusops found in southern Africa.

Genus: Mimusops caffra E. Mey ex. A.DC.

South African tree no.: 583

Common name: Coastal Red Milkwood

Description:

This is a variable, evergreen species. The groarthn is affected by the location in
which the tree grows. It may occur as a small tdioma-sized (4m-10m, up to 20m)
tree in favourable, sheltered conditions or asalgd shrub in more exposed areas,
such as the salt-spray zone. The bark is darkigreglour and fissured. The leaves
are hardy and leathery, arranged alternately witlua-green upper colouration and
paler with whitish hairs below (Fig.B.1a). The spsgroduces small, creamy-white
flowers between June and October and edible, red fruits from June to January.
The wood is reddish-pink in colour. Due to the haind durable nature of the wood, it

is used for general construction and boat-building.
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Figure B.1la.Close up view of leaves and trunk dflacaffra growing in the dune
cordon along Admiralty Beach, North Coast of Kwazilatal.

Figure B.1b. Distribution ofM. caffra in South Africa.

Distribution:

The four species dflimusops are concentrated in the warmer, moist regions of
southern Africa. Two species are restricted toeidigtern coastal belt and one has a
wider range across the north-eastern portion aiheon Africa. All the species grow
at low altitudes.M. caffra is restricted in a narrow band, to the east colasbuthern
Africa, occurring from Mozambique, along the KwadNatal coastline, through the
Transkei and into the Eastern Cape Province.dtnsjor component of Coastal and
Dune forests and may comprise up to 75% of theahttele cover. They are generally
found on poor, sandy soils from the high-water mat& the dune cordon and
beyond. This species plays an important role irecgtabilization. They may also

occur along riverine fringes.
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Sources:

Coates Palgrave (2002), Palmer and Pitman (1908)ef (2003), Van Wyk and
Gericke (2000) and Van Wyk and Van Wyk (1997).
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B.2. Podocarpus latifolius and P. falcatus

Taxonomy:
Family: PODOCARPACEAE
The family is widely distributed in the forestssafuthern Africa, as
well as further northwards up to Ethiopia. Two lné three species
found in southern Africa often comprise a significproportion of
forest communities.
Genus: Podocarpus latifolius (Thunb.) R.Br. ex Mirb.
Podocarpus falcatus (Thunb.) R.Br. ex Mirb.
South African tree no.: P. latifolius. 18
P.falcatus. 16
Common name: P. latifolius.  Broad-leaved Yellowwood
P.falcatus.  Outeniqua Yellowwood
Description:

P. latifolius is variable in appearance, depending on the kydaliwhich it grows. It
occurs as an evergreen, tall, straight small toimmedized (10m to 30m) tree in
sheltered and forested areas (Fig B.2a) or améestevergreen shrub in exposed
areas on mountainsides or at the coast. The béighido dark greyish-brown in
colour, longitudinally fissured and peeling in gfrion older specimens. The leaves
are thick, leathery, dark green in colour and areally arranged, concentrated at the
branch tips. They bear male and female conesnidie cones are produced from
July to September and female cones develop seedd$leshy receptacle from
December to February. The receptacles are edibkefifie-grained, yellow to white

wood is highly utilised for furniture today.
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Figure B.2a.A specimen oP. latifolius from Seaton Park, north of Durban in

KwaZulu-Natal.

P. falcatus occurs as a tall (20m to 60m) medium to large greem tree in forests.
This species is the tallest indigenous South Afrifcaest tree. The bark is dark
purplish-brown and flakes off in rough round orteexgular flakes on older
specimens. The leaves vary in colour from lightoxeish to dark green and are
arranged in a spiral pattern. Male cones develom f6eptember to May and female
cones form a yellow, fleshy seed from DecembeuteJThey are eaten by a variety
of animals. The wood is fine-grained and is algghlyi prized for general construction

and furniture.

Distribution:

P. latifolius is the most common species, widely distributethenforests of South
Africa. It occurs from the Western Cape in a brbadd along the coast and
escarpment, the Drakensberg, KwaZulu-Natal, Swaditnd further north into
Mpumalanga (Fig B.2b). The species also occursdéunmorthwards, extending up to

Ethiopia. This species is found at a range ofualgt from sea-level up to 2150m in
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the eastern sections of the Drakensberg MountRBinatifolius often forms the major
constituent of evergreen forest types. It can ledon evergreen forests,
afromontagne forests, exposed mountainsides, ¢dastats, as well as along river
and stream banks, deep kloofs and gorgefalcatus has a more reduced range,
occurring from the southern Cape northwards inralar manner td°. latifolius (Fig
B.2b). This species occurs as a medium to largeitr@igh, moist forests, but is
generally lower growing in drier conditions. Itatso found in sheltered woodland

ravines, patches of mountain forest and in coastamp forests.

In southern Africa forests follow the line of higtieainfall, between 760mm to
1525mm per year. These conditions tend to prel@ilgathe eastern and south-
eastern slopes of mountain ranges and along thbesouand eastern coasts of South
Africa. However, in drier areas, if there is sufiet moisture available (e.g.
groundwater)P. latifolius will be able to establish itself. The followingctfars play a
role in the distribution of this genus, namely gemipical position, climatic
conditions, aspect, soil type, moisture availapilitequency of fires and degree of
exposure. Both species favour southern and eafsteimg slopes which are more
shaded, cooler, less exposed and wetter than wadmer northern and western-

facing slopes.

Figure B.2a.Distribution ofP. falcatus in South Africa.
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Figure B.2b. Distribution ofP. latifolius in South Africa.

Sources:

Coates Palgrave (2002), Grant and Thomas (2000icK({1990), Palmer and Pitman
(1972), Pooley (2003), Schmidt et al. (2002b), Véyk and Gericke (2000) and Van
Wyk and Van Wyk (1997).

Environmental control of 8*°C for P. falcatus from the Baviaans Kloof

As part of the analysis to demonstrate thattfié values of stem samples recorded
past environmental conditions presented in Chdptardisc from @odocarpus
falcatus from the Baviaans Kloof was analysed. The redattshis were not included
in the paper. The carbon isotope sequence wasarechvith annual rainfall records
for the region (Fig. B.2c). Unfortunately the ralfrecords for the Baviaans Kloof
region were incomplete (Appendix C) with data nrmgdior the period 1944 to 1955.
Interpretation of the tree’s response to rainfaliability was further complicated by a
number of missing rings at various points durisgifespan. A tentative
interpretation of the environmental signal recoritethed**C time series suggests
that the tree had an annual response to rainfalthis could not be verified
statistically due to the missing rings and rainfigta. During periods of high rainfall
83C values became more negative and less negatiirgydinier periods, suggesting a
negative correlation between isotopic compositiot &infall. The Baviaans Kloof
region receives low average annual rainfall and thoisture availability will be a

major constraint for trees growing in this envir@mhas opposed to trees from the
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KwaZulu-Natal region where humidity has a greafégat on stomatal opening and
closing and therefore will have a greater influeanehe carbon isotope composition

of the tree.
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Figure B.2c. Moderns*C values foPodocar pus falcatus from the Baviaans Kloof

plotted with corresponding annual rainfall for tlegjion.
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B.3. Celtis africana

Taxonomy:
Family: ULMACEAE (CELTIDACEAE)
This family is represented by five species in seuthAfrica.
Genus: Celtis africana Burm. f.
South African tree no.: 39
Common name: White-stinkwood
Description:

C. africana is a morphologically variable species. It gengraticurs as a small to
medium-sized (10m to 30m) deciduous tree (Fig B3af) can also be small and
shrub-like under certain conditions. The growthriasf this species will vary
according to rainfall, with specimens smaller anohted in areas of lower rainfall. It
is generally deciduous, although along the coassgecies will keep their old leaves
until the appearance of new ones. The bark isgrahg to almost white in colour and
smooth. Mature leaves are dark green, whilst ydeages are pale green. They are
asymmetrically shaped with three prominent veing serrated edge€. africana
produces separate male and female flowers on the sae between August and
October. Small yellow-brown fruits are present fr@rtober to December. The wood
is white to yellow in colour, tough and althoughrdhéo work, used for a number of

domestic purposes.
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Figure B.3a.A large specimen df. africana growing in the Hawaan Forest on the
northern coast of KwaZulu-Natal.

Distribution:

This species is very widespread, occurring in aldeom the Western Cape through
to the majority of the eastern half of South Afr{€&g B.3b). The range extends
further north as far as Ethiopi@. africana grows from sea level up to an altitude of
2100m. It can be found in dense forest, rocky s (particularly dolomite), in
bushveld, open grassland, mountain slopes, klgogsstal dunes and along
riverbanksC. africana may also act as a pioneer species in forested aretergoing

succession. It prefers to grow on southern ancgeeaicing slopes.
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Figure B.3b. Distribution ofC. afriana.

Sources:

Coates Palgrave (2002), Palmer and Pitman (190®)ef? (2003) and Van Wyk and
Van Wyk (1997).
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APPENDIX C:

Annualised rainfall, mean temperatures and reldtivaidity data from three weather
stations in the vicinity of Sibudu Cave, KwaZuluibleand two weather stations in

the vicinity of the Baviaans Kloof, Eastern Capewhmce.

Summary table of global and regional palaeoclimageords used in Chapter 6.
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Table C.1.Annualised weather data (rainfall, temperatureratative humidity)
from 2005 to 1928. The dataset is composed ofiveeatata from three stations,

Durban, Mount Edgecombe and Virginia Airport. Rielahumidity data were only
available until 1983 (South African Weather Seryice

Year Mean annual Mean annual Mean annual Year Meamnnual Mean annual
rainfall (mm) temperature (°C) humidity (%) rai nfall (mm) temperature (°C)
2005 453.37 20.88 70 1966 865.25 20.09
2004 710.43 20.40 68 1965 856.10 19.98
2003 775.60 21.32 68 1964 951.25 20.71
2002 1139.90 21.29 69 1963 972.20 20.58
2001 687.95 21.16 69 1962 736.10 20.27
2000 1495.43 21.49 71 1961 1214.35 21.00
1999 861.73 22.01 68 1960 773.55 20.20
1998 1194.67 20.72 71 1959 758.35 20.65
1997 1085.87 20.91 69 1958 1339.00 20.83
1996 1090.73 20.58 70 1957 1298.45 20.35
1995 986.32 20.59 66 1956 865.55 19.98
1994 888.90 21.48 63 1955 1084.80 20.16
1993 489.80 21.33 63 1954 839.90 20.47
1992 652.90 21.10 65 1953 1290.60 20.82
1991 1092.30 20.62 68 1952 2407.80 19.93
1990 1135.10 20.48 67 1951 1502.60 20.07
1989 983.00 20.45 67 1950 843.10 20.76
1988 1978.10 20.56 69 1949 864.70 20.59
1987 991.20 20.77 68 1948 931.50 20.31
1986 959.60 20.80 66 1947 861.50 20.73
1985 1032.20 20.60 67 1946 616.90 20.69
1984 1507.70 20.23 68 1945 903.70 20.72
1983 609.20 20.80 67 1944 1041.90 20.25
1982 926.90 19.77 1943 1309.80 20.33
1981 1163.90 20.34 1942 815.30 20.98
1980 646.50 20.34 1941 771.20 20.95
1979 712.50 20.67 1940 1018.50 20.55
1978 716.90 20.51 1939 1006.80 20.30
1977 1072.95 20.81 1938 978.10 20.13
1976 1365.75 20.29 1937 854.80 20.48
1975 887.50 20.46 1936 998.00 19.68
1974 1233.55 20.20 1935 1227.80 19.84
1973 670.35 20.23 1934 1006.40 20.48
1972 955.80 20.23 1933 640.80 20.68
1971 1222.95 20.38 1932 1014.90 20.40
1970 868.55 20.37 1931 837.30 20.23
1969 958.35 20.18 1930 837.20 19.90
1968 915.45 19.91 1929 1011.10 19.69
1967 832.80 20.28 1928 451.00 21.01
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Table C.2.Annualised climatic data (rainfall, temperature aelative humidity)

from 2004 t01927. The data set is composed ofiveeatata from weather stations in
Joubertina and Kareedouw in the Eastern Cape.tiRelaumidity and temperature
data were only available until early 1997 (Southigsin Weather Service).

Year Mean annual Mean annual Mean annual Year Meamnnual
rainfall (mm) temperature (°C) humidity (%) rai nfall (mm)
2004 483.4 14.50 51 1965 849.1
2003 330.1 15.70 53 1964 889.6
2002 537.9 16.20 54 1963 789.8
2001 469.25 16.40 55 1962 742.4
2000 514.25 16.60 57 1961 687.9
1999 319.8 16.60 55 1960 825.9
1998 459.1 16.30 57 1959 933.2
1997 629.05 13.60 60 1958 668.4
1996 840.9 1957 700.5
1995 927.3 1956 1026.7
1994 810.8 1955 NA
1993 937.8 1954 NA
1992 9334 1953 NA
1991 434 1952 NA
1990 728.5 1951 NA
1989 826 1950 NA
1988 578.9 1949 NA
1987 675.7 1948 NA
1986 672.5 1947 NA
1985 647.6 1946 NA
1984 453.6 1945 NA
1983 896.7 1944 NA
1982 664.7 1943 818.4
1981 1179.8 1942 661.6
1980 602.6 1941 721
1979 918.8 1940 761.5
1978 689.7 1939 964.8
1977 864.5 1938 569.8
1976 725.8 1937 636.3
1975 429.7 1936 781.6
1974 363 1935 979.8
1973 252.2 1934 774
1972 559.7 1933 929.5
1971 1068.7 1932 786.7
1970 612.3 1931 764.7
1969 591.2 1930 758.8
1968 1108.5 1929 615.5
1967 850 1928 668
1966 633.1 1927 523

91



Table C.3.Summary table for all sources of palaeoenvironnemties cited. The type of site (e.g. archaeaaljideep sea core), location, age model or

dating methods, proxy data types, a brief indicatibenvironmental changes for the period 70-50icraferences are provided for each site

Site name Sample Location Age model/Dating Proxy da Environmental changes 70-60ka References
Sibudu Cave archaeological KwaZulu-Natal, Southcafr OSL dating Seeds, charcoal, pollen, fauna, ft 8bim cooler, humid, moist, Refer to Wadley addbs,
Podocarpus evergreen forest 2006 for full listing

site

phytoliths, sedimentology
geology, magnetic susceptibility

carbon isotopes

environmentolder, drier savanna

grassland, very reducessfor

Tswaing Crater

borehole

Gauteng, South Africa

4 ahd sedimentation rates

Fission-track dating at base

Lithological data, saiittee

to create rHipfaxy

Wetter between ~70-67ka and then

drier from ~62-50ka

Partritige, 1997

Lake Sibaya

coastal lake

system

KwaZulu-Natal, South Afric

C* and geology

sedimentology, geology

diatomite deposits, aeolian sands

Coastal dundotore-established
~@@tkesediments formed under

coastal wetland conditions

Wright al., 2000

Scettal., 1992

Port Durnford

geological

formation

KwaZulu-Natal, South Afric

Th/U disequilibrium dating

Note: Dating not secure!

Peat, pollen, fauna

sedimentolaggology

rriration of marshland (peat)
at 70ka followed by development of
Podocarpus forest under cooler

conditions

Maud Botha, 2001

Oschadleust al., 1996

RC 17-69

deep-sea core

West Indian Ocean
east of KwaZulu-Natal

South Africa

3% record of
foraminifera correlatedtwi

data from other cores

380 and foraminiferal assemblages
indicate shifts between
occurrenceotd and warm

water masses in region

Isotopes and foiifera
indicate colder SSTdd@ms in MIS 4

and slightly warmer in MIS 3

Hutson, 1980
Prelet al., 1979, 1980

&all., 2002

MD962080

deep-sea core

Western slope of Agulhad

Bank, south of Africa

3'%0 record of benthic
foraminifera correlatectwi

SPECMAP record

Planktonic foraminifera asseagbsk,
3'%0 benthic foraminifera record
and sediment composition trace

temporal behaviour of water masses

Warm water taxa low abundance,
high sand content lands**C
during MIS 4 (H6) glacial

due teepofl cold

subantarctic water

PS2487-6

deep-sea

piston core

Agulhas Current

Retroflection

580 record of planktonic

foraminifera correlateith

Nannofossil and foraminifera

fossil assemblages used to

During MIS 3 and 4 there is a

reduction in tedfsiabtropical

Floretsal., 1999
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Site name

Sample

Location

Age model/Dating

Proxy da

Environmental changes 70-60ka

References

south of Cape Town

data from other cores

trémeig-interglacial
cyclicity

species and increase in colec#gs

MD962094

deep-sea core

Walvis Ridge, SE Atlantic|

580 record of planktonic
foraminifera correlated with

SPECMAP record

5'%0 record and sediment grain-size
as proxy for wislength and

aridity

Relatively hurpidditions in glacial
(MIS 4) shifting to relatively

arid conditions ineirglacial (MIS 3)

Stuwet al., 2002

MD962086

deep-sea core

Lower slope, Namibian

coastline, near Lideritz

%0 record of benthic
foraminifera correlaéth

SPECMAP record

Alkenone measurements as

proxy for SST

NemesSSTs are cooler
during MIS 3 and 4 due to

increased upwelling

Pichewral., 2005

MD962087

deep-sea core

Upper slope, Namibian

coastline, near Luderitz

14 A®IS dates of planktonic
foraminifera and data

correlation with other cores

Sediment grain-size as a

proxy for wind strength

indver conditions during

MIS 4 and early MIS 3

Pichevigt al., 2005

resultingri d upwelling

GeoB 1706

GeoB 1711

deep-sea

gravity cores

Upper continental slope

of Walvis Ridge

380 record of benthic and
planktdii@minifera

correlated to SPECMAP

Geochemical, micropaladogtcal

and'®0 & 3*°C analyses

Eutrophic conditions between MIS 3
and MIS4, high abundance of cold
water foraminifera, BWC - high

productivity due to upwelling, glacial

Liteteal. 1997

WC03-1, 2,5
WCO03-10, 11,
18

aeolian dune

cores

West coast of South Afric

Elands Bay to Kleinsee

OSL dating of dune sand

Sedimentation changes
related to viariatin moisture,

windiness and sediment supply

redsed phase of aeolian
activity/deposition 63-73ka dgrin
glacial pedbihcreased humidity

and windiness, also wetter

Chase and Thomas, 2007

Lake Malawi &
Lake
Tanganyika

lacustrine

deposit cores

Malawi & Tanzania

East Africa, Rift Valley

CAMS dates of bulk

rganic matter & OSL

Ostracods, diatoms, pollen and
sedimentological analyses
used as proxies to

reflect local & regional conditions

egiéh experienced extremely
eoidditions prior to 70 ka and

then became more humid

Cotetral., 2007

Schelzal., 2007

Bahia state

caves

speleothems

& travertine

North-eastern Brazil

les&iU/Th dating

Dated speleothem growth phases
associated with other higdehation

records such as Hulu Cave, GISP

vidtloonditions between
60-74ka, correlates with H6

indicaimget period

Warggal., 2004

Botuvera Cave

speleothem

South-eastern Brazil

déTing

High-resolutiod*0 record

reflecting shifts in rainfall

50 record indicates a wetter
period at 70Kallowed by

drier conditions until ~62ka

when wetter conditions prevail

Cruzetral., 2005




Site name Sample Location Age model/Dating Proxy da Environmental changes 70-60ka References
Hulu Cave speleothem Nanjing, China 230Th dating High-resolutiod*®O record 580 record indicates a drier Waggal., 2001
of the Late Pleistocene East Asian perioa/beh 70-60ka, followed by
Monsoon wetter conditions from 58-55ka
shows shift from dry to wet during H6
Vostok ice core Antarctica GT4 timescale High-rasioh records 08D, 3D record indicates a slow Barnadbal., 1987
CH,, dust flux and C® period of warming during H6 Chappelleizal., 1990
The dust flux and Ckrecords show Jouzetal., 1987
increasing aridity and the GO Leuschner and Sirocko, 2000
concentration rises, indicating Petital, 1990, 1999
lower marine productivity Schmittnet al., 2003
Stocker, 2000
EPICA ice core Antarctica Ages are given on Higbetetion records a3D 3D record indicates a slow Joumehl., 2005
ECD2 timescale Fe, nssCa, ssNa angl fE@es period of warming during H6 Wolf al., 2006
The Fe and Ca records show
increasing aridity and the 0
flux is reduced, indicating
lower marine productivity
ssNa flux slowly decreases,
extent of sea ice reduced
Byrd ice core Antarctica See file gisp2age.datother High-resolutios*®0 record 5'%0 record indicates a slow Blunier and Brook, 2001
information on the timescale. period of ming during H6 Stocker, 2000
GRIP ice cores Greenland glaciological timescale ighHiesolutions*®0 andsD records 580 andsD records indicate an Blunier and Brook, 2001
given in the file gripage.dat abrupt coolthging H6, Grootest al., 1993
between D/O 18 and 17 Joueehl., 2005, 2007
Landaiset al., 2007
Schmittnert al., 2003
Stocker, 2000
GISP2 ice core Greenland See file gisp2age.ddufdver High-resolutior*®0 andsD records 580 andsD records indicate an Blunier and Brook, 2001
information on the timescale. abrupt coolihging H6, Grootest al., 1993
between D/O 18 and 17 Joueedl., 2005
Landaiset al., 2007
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References

Leuschner and Sirocko, 2000

Schmittneret al., 2003
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