
Univ
ers

ity
 of

  C
ap

e T
ow

n

 

 

 

 

 

 

 

 

 

The copyright of this thesis vests in the author. No 
quotation from it or information derived from it is to be 
published without full acknowledgement of the source. 
The thesis is to be used for private study or non-
commercial research purposes only. 

 

Published by the University of Cape Town (UCT) in terms 
of the non-exclusive license granted to UCT by the author. 
 



Univ
ers

ity
 of

  C
ap

e T
ow

n

1/ 1/ 



Univ
ers

ity
 of

  C
ap

e T
ow

n



Univ
ers

ity
 of

  C
ap

e T
ow

n

I am HHJ't.-U<t.-U to 

me to use a 

at 

was US.ZA t:.aucaw:m 

very a 

I am HHJ't.-U<t.-U to 

me to use a 

at 

was US.ZA t:.aucaw:m 

very a 



Univ
ers

ity
 of

  C
ap

e T
ow

n

ABSTRACT 

ACKNOWLEDGEMENTS 

CONTENTS 

LIST OF FIGURES 

LIST OF TABLES 

1 INTRODUCTION 
1.1 The Period in the southwestern 
1.2 Palaeoenvironments ................................................................................... 2 
1.2.1 Southwestern South 
1.2.la WestCoast ............................................................................................. 3 
1.2.lb South Coast ............................................................................................ 3 
1.2.2 Causes of Climate 
1.3 Rationale for ....................................................................................................... 5 
1.4 ..................................................................................................................... 6 
1.5 Structure ........................................................................................................................ 7 

2 SETTING 
2.1 characteristics ................................................................................................ 8 
2.1.1 ......................................................................................................... 9 
2.1.2 Climate .............................................................................................................. 9 
2.2 ......................................................................................................................... 11 
2.2.1 ......................................................................................................... 11 
2.2.2 12 
2.2.3 Wind .................................................................................................................. 14 
2.3 Swartland ...................................................................................................................... 14 
2.3.1 ......................................................................................................... 14 
2.3.2 15 
2.3.3 Wind .................................................................................................................. 17 
2.4 Current and Historic Land-use ...................................................................................... 17 
2.4.1 sites ........................................................................................... 18 
2.4.2 Salt ..................................................................................................................... 19 
2.4.3 Recent Land-use ................................................................................................ 20 

3 THE FEATURE 
3.1 of the feature .............................................................................................. 22 
3.1.1 Pans .................................................................................................................... 23 
3.1.2 Lunettes ............................................................................................................. 25 
3.2 

4 PAN-LUNETTES AT A REGIONAL SCALE 
4.1 
4.2 
4.2.1 
4.2.2 Aerial I-'h"t",rY,,",nh 

4.2.3 Characteristics of the Features ........................................................................... 31 
4.2.3a ........................................................................................................ 31 
4.2.3b Swartland ..................................................................................................... 33 
4.3 ................................................................................. 37 
4.3.1 Dune for the Lunette ....................................... 37 

ABSTRACT 

ACKNOWLEDGEMENTS 

CONTENTS 

LIST OF FIGURES 

LIST OF TABLES 

1 INTRODUCTION 
1.1 The Period in the southwestern 
1.2 Palaeoenvironments ................................................................................... 2 
1.2.1 Southwestern South 
1.2.la WestCoast ............................................................................................. 3 
1.2.lb South Coast ............................................................................................ 3 
1.2.2 Causes of Climate 
1.3 Rationale for ....................................................................................................... 5 
1.4 ..................................................................................................................... 6 
1.5 Structure ........................................................................................................................ 7 

2 SETTING 
2.1 characteristics ................................................................................................ 8 
2.1.1 ......................................................................................................... 9 
2.1.2 Climate .............................................................................................................. 9 
2.2 ......................................................................................................................... 11 
2.2.1 ......................................................................................................... 11 
2.2.2 12 
2.2.3 Wind .................................................................................................................. 14 
2.3 Swartland ...................................................................................................................... 14 
2.3.1 ......................................................................................................... 14 
2.3.2 15 
2.3.3 Wind .................................................................................................................. 17 
2.4 Current and Historic Land-use ...................................................................................... 17 
2.4.1 sites ........................................................................................... 18 
2.4.2 Salt ..................................................................................................................... 19 
2.4.3 Recent Land-use ................................................................................................ 20 

3 THE FEATURE 
3.1 of the feature .............................................................................................. 22 
3.1.1 Pans .................................................................................................................... 23 
3.1.2 Lunettes ............................................................................................................. 25 
3.2 

4 PAN-LUNETTES AT A REGIONAL SCALE 
4.1 
4.2 
4.2.1 
4.2.2 Aerial I-'h"t",rY,,",nh 

4.2.3 Characteristics of the Features ........................................................................... 31 
4.2.3a ........................................................................................................ 31 
4.2.3b Swartland ..................................................................................................... 33 
4.3 ................................................................................. 37 
4.3.1 Dune for the Lunette ....................................... 37 



Univ
ers

ity
 of

  C
ap

e T
ow

n

4.3.2 Methods for Lunette Orientation .................................................. 38 
4.4 Double Lunettes ............................................................................................................ 42 

5 PAN-LUNETTES AT A LOCAL SCALE 
5.1 Introduction ................................................................................................................... 48 
5.2 ....................................................................................................................... 48 
5.2.1 Swartland ................................................................................... 48 
5.2.2 .............................................................................................. 51 
5.3 .............................................................................................................. 53 
5.3.1 Characteristics ..................................................................................... 54 
5.3.1a Colour .......................................................................................................... 54 
5.3.1b Texture ......................................................................................................... 55 
5.3.2 Chemical Characteristics ................................................................................... 59 
5.3.2a 
5.3.2b 
5.3.2c 
5.3.2d 
5.3.2e 

....................................................................................................... 60 
Carbonates .................................................................................................... 61 
Electrical ................................................................................ 61 

H"""A""U,,,-.1 .......................................................................................... 64 

6 CHRONOLOGY OF THE FEATURES 
6.1 indication of age ................................................................................... 70 
6.2 Previous ................................................................................................... 71 
6.3 .................................................................................................................... 72 
6.3.1 ........................................................................................................ 73 
6.3.2 
6.3.3 Radiocarbon 
6.3.4 Sources of Error ................................................................................................. 77 

7 DISCUSSION AND CONCLUSION 
7.1 Evidence from features ofthe southwestern ..................................... 80 
7.1.1 Dune orientation ................................................................................................ 80 
7.1.2 Dune 1 
7. 1. 2a Formation of pans ........................................................................................ 81 
7.1.2b Source of sediments ..................................................................................... 81 
7.1.2c Movement of sediments ............................................................................... 82 
7.1.2d 

....................................................................... 84 
Dune ....................................................................................................... 85 
Palaeosols .......................................................................................................... 86 

7.1.2e 
7.1.2 
7.1.3 
7.2 LOInplllcatllons ............................................................................................................... 88 
7.3 Palaeoenvironmental correlation of lJalJ'-lU""-"IO features within the database of the 

western 
7.4 Concl usion .................................................................................................................... 93 
7.4.1 Current work ...................................................................................................... 93 
7.4.2 Future work ....................................................................................................... 94 

REFERENCES ........................................................................................................................... 95 

APPENDIX A: METHODS .............................................................................................................. 107 

APPENDIX B: RADIOCARBON CALIBRATION CURVES ..................................................... 110 

APPENDIX C: DATA ....................................................................................................................... 112 

5 

5.2 
5.2.1 

uetenmnmg LJU . .,,,,,,,, Orientation .................................................. 38 
Lunettes ............................................................................................................ 42 

"'''''11"'''"''5 ....................................................................................................................... 48 
Swartland ................................................................................... 48 

.............................................................................................. 51 
:set11me:mOlog;~ .................................. , .. , .. , ............................. , .. , .... , .... , .. ,." .................... 53 

5.3.2d 
5.3.2e 

Characterislics ............................................... , .......... ,.,'., ..................... 54 
Colour ......................................................................... ,., ... , .... , .......... , .. ,., .. , .. 54 
Texture .... , .............................................. , ............................ , .. , ............ , .. , ..... 55 

Chemical Characteristics ., .......................................................... , ..... , .. ,., .. , ........ 59 

6 CHR()No:tOGY OF THE FEA TlJRK~ 
6.1 indication of age 

VU,jlV,,'"'' ...... , ........................ , .... , ,., .. , .. ,."., ,., ............... ,., .... , ..... , .. ". ,.", ...... 71 
, .. , .......................... , .. , .. , ....... , .. , .. , ............. , .. , ....... , ... , .... , .................... , .... , ..... 72 

........ , .. ,.,., .. , .. , ..... , .... ' .. , .. ,.".".".,",.,"", .. " .. ,', .. , ................. " .. , .. , ....... 73 

6.3.4 

DISCUSSION AND CONCLUSION 
7,1 Evidence from feai.IJI'es of the southwestern , .......... , ............................. 80 
7.1.1 .Dune orientation ................ , ..................................................... , .. , ....................... 80 
7.1.2 Dune I 
7. Formation of pans ... , ............. , ........ , .......... , ....... , ..... , .... , ..... , ... ,,'.,., .. , .... "" .. ,,81 
7.1 Source of sediments .................................. , ....... , ..... , .... , .. ,." .... ,.' ........ ,,, .. ,.,,.81 
7. l\1ovement of sediments ................... , ..... , ....... , .. , .... , .......... , .. ' ....... """'''''''''' 82 
7. 
7,} ................................. ,." ....... , ............ " ......... , .. 84 
7.1.2 [June ............................................... , .... , .................................................. 85 
7.1,3 Palaeosols ............................................... , ...... , ......... , ......................................... 86 
7.2 ., ........................ ' .................................................................................. ,.88 
7.3 Palaeoenvironmental correlation features database of the 

7.4 
work.,.,., .. , .... , .. , .... , .. , .. , .. , ... ,""',.,""'""',.,',." ....................... , .. "., ........... 93 

work .... , .... , ...... , .. , .... , .. , .. , .. , .. , .. ,.".,.,"""""",., ... " .. " .. , .............. , .. " .... , ..... 94 

REFERENCES ....... , .... ,." .. , .... , ...... , .. , .. , ......... ,", .... , ...... , ............................................................ ,95 

APPENDIX A: 107 

APPENDIX B: RADIOCARBON CALmRATION CURVES , ....... , .. , ......................................... 110 

APPENDIX C: DATA, .. , .. , ........ , .............. , ....... ,., ..... , ................. , ........................... ,."." .............. ,., ... 112 



Univ
ers

ity
 of

  C
ap

e T
ow

n

CHAPTER! 
1.1 

CHAPTER 2 
2.1 
2.2 
2.3 
2.4 
2.5 
2.6 
2.7 
2.8 
2.9 
2.10 
2.11 

CHAPTER 3 
3.1 
3.2 

CHAPTER 4 
4.1 
4.2 
4.3 
4.4 
4.5 
4.6 
4.7 
4.8 
4.9 
4.10 
4.11 
4.12 
4.l3 
4.14 
4.15 
4.16 
4.17 

CHAPTERS 
5.1 
5.2 
5.3 
5.4 
5.5 
5.6 
5.7 
5.8 
5.9 
5.10 
5.11 
5.12 
5.13 
5.14 
5.15 
5.16 

palae()enVlrOmmemal data for the southwestern ............... 3 

............................................................ 8 
winter rainfall area ............................................................ 9 

Basic elements in the seasonal air pressure distribution and wind direction over SA. 10 
'''~''''''J rainfall averages ...................................................................... 11 

of monthly rainfall averages at the weather station ............ 12 
of the cluster ................................................................................... 13 

Annual wind averages for Struisbaai ........................................................................... 14 
dro,('Ir<>1YI of rainfall averages at the weather station ...................... 15 

of Swartland cluster ...................................................................................... 16 
Annual wind averages for ...................................................................... 17 
!u':na'eOlO~llcal sites in the Western ................................................................... 18 

Irtt."",hrot"" ... ",.h and of the feature .. .H"'''5j~VI-' 
Distribution of pans in Southern Africa ...................................................................... 24 

"",",.H"'·V pans and features in ...................................................... 32 
Correlation between pan area and of dune in ..................................... 33 
Pnlm",'V pans and features in the S wartland ............................................. 34 
Correlation between pan area and of dune in the Swartland ............................ 35 
Unimodal wind the three driest months .......................... 39 
Unimodal Struisbaai wind the three driest months .............................. 39 
Lunette orientations in winds .................... 39 
Lunette orientations in Swartland winds ................. .40 

,,",1l1t"""0 at the inner lunette at ~'~"e. •• ~t' 
at "''''''oAUlt'. 

of .................................................................................................. 43 
Texture of inner "lunette" sediments ........................................................................... 44 
Profile of ..................................................................................................... 44 

AV"'AUoA'" north towards the first lunette to the north ....................... .45 

East to West transect of the Voelvlei 
The 15m contour of the lunette at Voelvlei.. .............................................................. .46 

CHAPTER! 
U DaJ:at:lot:IlVllrOllllm:m:iU data the southwestern ............... 3 

CHAPTER 2 
2.1 ............................................................ 8 
2.2 winter rainfall area ............................................................ 9 
2.3 Basic elements in the seasonal air pressure distribution and wind direction over SA. 
2.4 of rainfall averages 
2.5 of rainfall averages at the 
2.6 
2.7 

2. 
2. 

CHAPTER 
4.1 
4.2 
4.3 
4.4 
4.5 
4.6 
4.7 
4.8 

CHAPTERS 
5. 
5.2 
5,3 
5.4 
5.5 
5.6 
5. 
5.8 
5.9 
5.10 
5.il 

5. 

nhf't",=",,,h~ of the feature "'AUH5I'VP 

Southern }\frica ...................................................................... 24 

Vu',r"~''" ... ~ features in 
Correlation between pan area and of dune in Agulhas .............................. "" "".33 
Primary pans and features in the Swartland ............................................. 34 
Corrclation bctwccn pan area and of dune in the Swm11and ............................ 35 
Unimodal wind the three dricst months .......................... 39 

Lunette orientations in r"" .... " .... " 
Lunette ori,:ntations in Swartland 

the three driest months .............................. 39 
pn:ao,rrnnarlt ory-;scason winds .................... 39 

winds .................. 40 
.................................. 43 

1<"'!I~"",,'p .................................................................................................. 43 
............................................... 44 

the Voelvlei 
lunette at Voelvlei ................................................................. 46 

lunette ................................................................................... 49 
......................................................................................... 49 

DL and DV in Droevlei 

Grain sizc scdimcnts from Droevlei East lunette .................................................... 56 
Grain-size of scdimcnts from V oel vlei lunette ............................................................ 56 

.......................................................................................................... 57 

East lunette ......................................................................... 62 
lunette .................................................................................. 62 



Univ
ers

ity
 of

  C
ap

e T
ow

n

5.17 
5.18 
5.19 
5.20 
5.21 
5.22 
5.23 
5.24 
5.25 
5.26 
5.27 
5.28 
5.29 

CHAPTER 6 
6.1 
6.2 
6.3 
6.4 
6.5 

CHAPTER 7 
7.1 
7.2 
7.3 

carbon and calcium carbonate in Droevlei East lunette ................................. 62 
of Droevlei East lunette ......................................................................................... 62 

in Voelvlei lunette ................................................................................. 63 
in Voelvlei lunette .......................................................................................... 63 
carbon and calcium carbonate in Voelvlei lunette ......................................... 63 

ofVoelvlei lunette ................................................................................................. 63 
Some ........................................................................... 64 

sanflDlles from Voelvlei lunette .............................. 65 

Correlation between % kaolinite and 

.............. 65 
sequence ............................................... 66 

........................................................... 68 

........................................................... 68 
minerals ............................................. 69 

T. ventricosa ................................................................................................................. 73 
",nrun,,.,.,,,,n of T. ventricosa from Modern Shoreline.H .. HUU~U •• u .. u~u •• UUUU •• 96 75 
... n(un,,.,.,,,,n of T~ ventricosa from DV3uu.50UU.UU50U~~ ... uu.uu ... U.U ••• HU •• UU.~u. 75 
",n("n,w,,,,n of T~ ventricosa from DVlOu .. uu.u ....... u.uu.Hu.uu ..... u" .. uu.uuu .. 75 
",n(\UH,.,.".,n of T. ventricosa from VL6 .uu.u .. u.u.uu ..• u .. u ......... -* •• uuu.u .... u ... 75 

Ph()to~U'at)h southeast across Voelvlei under water-full conditions ............................... 90 
Palaeoenvironmental of sediment characteristics at Droevlei East ....... 91 
Palaeoenvironmental of sediment characteristics at Voelvlei ............... 91 

7.4 Potential correlations between sediment records in the clusters and .......... 
........................................................................................ 92 

CHAPTER 
6. 
6.2 
6.3 
6,4 
6.5 

CHAPTER 
7. 

carbon and calcium Droeviei East lunette ................................. 62 
Droevlei East lunette ......................................................................................... 62 

in Voelvlei ................................................................................. 63 
Voelvlei lunette .......................................................................................... 63 

carbon and calcium Voelvlei lunette ......................................... 63 
of Voelvlei lunette ..... "" ... " ... " ............................................... " ...... " .. " ............................. 63 

i>h,nl"..,,,,,,.<.nh of T. ventricosa 
i>h,nt..,,,,,,.<.nh of T. ventricosa 

" .. " .................................. " .. " ......... " .. " ...... " ..................... 64 
"''''''''1''';;;'' l'I"om Voelvlei lunette " .. " .......................... 65 
'''«''''1''';;'' Ihlm Droevlei East lunette .............. 65 

sequence ... " ... " ........................................ 66 

tninerals ............................................. 69 

. ................ " ......................... 73 
Modern Shoreline ....................................... 7 5 
DV3 ............................................................ 75 
DVIO .......................... " ............................... 75 
VL6 ............................................................ 75 

water-full ['"ruht",,., 

hpj'''''''pn sedllm,ent records in the n3lrH1Llntme 



Univ
ers

ity
 of

  C
ap

e T
ow

n

CHAPTER 4 
4.l 
4.2 
4.3 
4.4 
4.5 

CHAPTERS 
5.1 
5.2 
5.3 

CHAPTER 6 
6.1 
6.2 
6.3 
6.4 

characteristics of the features in either cluster ............................... 35 
Characteristics of Swartland pans ............................................................................... 36 
Characteristics of pans .................................................................................. 36 

Swartland cluster ............................................................. 41 
Orientation of dunes in the cluster ............................................................... .41 

Voelvlei Munsell colours ............................................................................................ 54 
Droevlei East Munsell colours .................................................................................... 55 

current and research ................................................... 72 
Radiocarbon results ....................................................................................... 76 
Relative CALIB calibrated 
Calibration of radiocarbon ages ................................................................................... 77 

CHAPTER 4 
4.l 
4.2 
4.3 
4.4 
4.5 

CHAPTERS 
5.1 
5.2 
5.3 

CHAPTER 6 
6.1 
6.2 
6.3 
6.4 

characteristics of the features in either cluster ............................... 35 
Characteristics of Swartland pans ............................................................................... 36 
Characteristics of pans .................................................................................. 36 

Swartland cluster ............................................................. 41 
Orientation of dunes in the cluster ............................................................... .41 

Voelvlei Munsell colours ............................................................................................ 54 
Droevlei East Munsell colours .................................................................................... 55 

current and research ................................................... 72 
Radiocarbon results ....................................................................................... 76 
Relative CALIB calibrated 
Calibration of radiocarbon ages ................................................................................... 77 



Univ
ers

ity
 of

  C
ap

e T
ow

n
to some 

occurred in 

successors up to 

... ,,,u,,,,,,-, in 

is 

m,,,'1"'M"I_i'1<.,, humans are 

in the southwestern 

in 

a nnrnh"r 

are as numerous as 

1997). Researchers have aplJfOaCIlea 

et et 

as 

it in a 

in turn 

it is 

to have 

of the 

it is 

at 

Talma 

been 

of 

key "r.':Hun, 

drives 

contended 

the 

oc~~an:,c character 

earth j s oceans, the 

1989; 

fluctuation during the 

as 

a 

IS 

"n"",, "",,, " to have events in the 

occurred in the regi.on. A study of the in the southwestern of the 

origins humankind, the fostered them an,d 

successors up to including 

state of 

period in the 

relatively un:stuClleo, 

Researchers have aplJroaclleO at 

Talma 

et 



Univ
ers

ity
 of

  C
ap

e T
ow

n

did not occur, 

to 

recent 

case, 

1.2.1 

and wetter 

2000 BP 

/>lUUlC;/> III the 

and 

are an aalJUlon:al source 

in 

a 

to 

~ ..... ,~ .. u. it is re,lSonalble 

were 

2 

did not occur, 

to 

recent 

case, 

1.2.1 

and wetter 

2000 BP 

/>lUUlC;/> III the 

and 

are an aalJUlon:al source 

in 

a 

to 

~ ..... ,~ .. u. it is re,lSonalble 

were 

2 



Univ
ers

ity
 of

  C
ap

e T
ow

n

of pal;aeoenv'lroll1mlmta data for the southwestern et 

1.2.1a West Coast 

the western coast comes 

all west coast 

area, 

west coast 

the is in 

3 

of pal;aeoenv'lroll1mlmta data for the southwestern et 

1.2.1a West Coast 

the western coast comes 

all west coast 

area, 

west coast 

the is in 

3 



Univ
ers

ity
 of

  C
ap

e T
ow

n

wet 

more more 

west coast. 

( 

to construct a 

A 

over mtlerl()r 

2.1 

contentious 

was 

a 

2 

MSA 

1.2.2 CAUSES OF CLIMATE VARIABILITY 

U"U'~'H" are 

scale 

not into 

warm 

over 

as a 

cave near 

sequence, as 

s 

It 

4 

wet 

more more 

west coast. 

( 

to construct a 

A 

over mtlerl()r 

2.1 

contentious 

was 

a 

2 

MSA 

1.2.2 CAUSES OF CLIMATE VARIABILITY 

U"U'~'H" are 

scale 

not into 

warm 

over 

as a 

cave near 

sequence, as 

s 

It 

4 



Univ
ers

ity
 of

  C
ap

e T
ow

n

is no ,,, .. ,"',...,,,-. consensus """11-'''''"''''''5 

the that answers 

Cohen (1993: cOllce:Dt1~al model ~UJ~~~;~lI'U westerlies arise 

warmer sea 

other southern n..,rn." .. n, .... H-" events 

still not 

1.3 

the of pan-

Ina 

sources for for 

,... ... ,e'"",1"'" ".,,' on account 

more occur 

vU~;""J''-' Ut:PIJSIllS u.,"v'-' .... ,,"' .... with other ge()rn,oro Pan-lunette 

stucllecl at nr,",,,,,,,,, a 

not to the same 

extent as sand seas, features may be the most effective feature for these 

in two reasons, the ",-,'."""",",u as a 

new on is 

,-"J."'..,'...,' Three. 

The have their as runways, as 

livestock the pV"P""" 

5 

is no ,,, .. ,"',...,,,-. consensus """11-'''''"''''''5 

the that answers 

Cohen (1993: cOllce:Dt1~al model ~UJ~~~;~lI'U westerlies arise 

warmer sea 

other southern n..,rn." .. n, .... H-" events 

still not 

1.3 

the of pan-

Ina 

sources for for 

,... ... ,e'"",1"'" ".,,' on account 

more occur 

vU~;""J''-' Ut:PIJSIllS u.,"v'-' .... ,,"' .... with other ge()rn,oro Pan-lunette 

stucllecl at nr,",,,,,,,,, a 

not to the same 

extent as sand seas, features may be the most effective feature for these 

in two reasons, the ",-,'."""",",u as a 

new on is 

,-"J."'..,'...,' Three. 

The have their as runways, as 

livestock the pV"P""" 

5 



Univ
ers

ity
 of

  C
ap

e T
ow

n

In 

Bateman from the 

an 

manner. 

The 

contrasts 

on the age of the 

on 

Western 

a was 

In the 

did a 

a more COITIlJlre 

were " ......... ...", .... u because are 

the Winter ~~u> .... ~ .. 2.1 

is 

is sustenance 

a 

amount 

at one 

is a worthwhile 

severe 

even, is once 

no 

forces may 

may be 

.... ,"""l','-' in 

currents. 

climatic 

are. 

nn,~"'rr"'r when 

6 

In 

Bateman from the 

an 

manner. 

The 

contrasts 

on the age of the 

on 

Western 

a was 

In the 

did a 

a more COITIlJlre 

were " ......... ...", .... u because are 

the Winter ~~u> .... ~ .. 2.1 

is 

is sustenance 

a 

amount 

at one 

is a worthwhile 

severe 

even, is once 

no 

forces may 

may be 

.... ,"""l','-' in 

currents. 

climatic 

are. 

nn,~"'rr"'r when 

6 



Univ
ers

ity
 of

  C
ap

e T
ow

n

and the context 

Two 

a U"""U'v' 

~~~.!::!;at end 

op,emmg """"""''''' serves as an !!!!!lli!lli;1!.Q:!! to 

on the teatun~s 

is ina==== 

.." .. ,,,,,'",., IS 

the pan-

The 

the 

IS '-'VJ"'HUvl~vU 

7 

and the context 

Two 

a U"""U'v' 

~~~.!::!;at end 

op,emmg """"""''''' serves as an !!!!!lli!lli;1!.Q:!! to 

on the teatun~s 

is ina==== 

.." .. ,,,,,'",., IS 

the pan-

The 

the 

IS '-'VJ"'HUvl~vU 

7 



Univ
ers

ity
 of

  C
ap

e T
ow

n

Chapter 2: Settillg 

2.1 REGIONAL CHARACTERISTICS 

Within a 200 km radius from Cape Tcwn there are two distinct clusters of pan-lunette features 

punctualing: the landscape. Both c1uters of pans arc located in eoastal strips of land, the 

Swartland cluster 10 the north of Cape "Iown and the Agulhas cluster to the wutheast of lhe 

city (Figure 2.1) Although the sites are relatively c1rn;e together, they are situated on 

different substrates and different coan of the southweslCm Cape. and arc thereby the product 

of different weather sysICms and weathering processes. 

flgure 2.1: NASA space image of the southwestern Cape. The Cape Fold Belt Mountains are cle.,-ly 
evid<1!t marking the bound;uy of the co",td region. The pans in Agulhas and the Sw.nland .re 
highlighted in whil<. Soale is opproximatdy 1;2 500 000. 

Chapter 2: Settillg 

2.1 REGIONAL CHARACIERIsncs 

Withm a 200 km rndius £rum Cape T cwn there are two distitlCt clusters of pan-luJ1<'tte features 

punctual1ng: the landscape. Both cluten of pans arc located in COalital strips of land, the 

Swartland cluster to the no!1h of Cape "Iown and the Agulhas cluster to the wuthcast of the 

city (Figure 2.1) Although the si!l!s are relatively c1[)5e together, they are .ituated [)n 

different substrates and d,ffc-n:ni comn of the southwcstern Cape. and are thereby the product 

[)( different w~athcr systems and wcathering processes. 

~'gure 2.1: NASA 'pace image of the southwestern Cape. The Cape rold Deli MOWItairu; are cle.,-ly 
evid<:1!t marl:ing the bouodary of the co.,td region. 'lhe pans in Agulhas and the Swanland are 
highlighted in whit<. Soak i , ""proximal< Iy \;2 500 000. 



Univ
ers

ity
 of

  C
ap

e T
ow

n

CllIIptcr 2; Srtting 

2.1.1 GEOGRAPHY 

The southweotcro Cape of Sou til Africa is a g<XIgrap/lically distinct region of southern Africa. 

It is distinguished from the rest of tire COillltry by winter rainfall (Figure 2.2) and a substrate 

that together host tire lIlliquely diverse Cape Floristic Region, the smallest of six floristic 

kingdoms in the world (Meadows and Sugden, 1993). Fynbos, One of the globally richest 

plant commilllities in krms of plant species per unit area. is a characteristic vegetation 

covming 47% of the Cape FIQristic Region (RichardSOll et aI., 1995). Renostcrve1d is another 

major vegetation furmation of tile region. A general description of the climate succeeded by a 

more detailed explanation of the g<XIgrap/ly and climate of each site follows. 

2.1.2 CLIMATE 

The oouthwestern Cape is ",bjed to a Mediterranean-type climate, with cool wet winters and 

wann dry windy summers (Tyoon, 1986). Tbc climate at both sites is controlled and 

moo"rnted by the proximity to dominant ocean currents (Figure 2.3). In brief, the cold 

Benguela current stabilises air masses and causes the summer aridity (Meadows, 1999). The 

winter min is brought by \\esterly fronlnl depressions (Meadows, 1999). ~cipitation 

gradients in the region are extreme. 1~'1lding towards dner conditions to tire north of lhe 

Swartland and to the east of Agulhas and wetter wilh a1till!de in both sites. In the 

southwestern Cape. annual rainfall varies from <200 mm in the inlands to about 400 rrun on 

the coastal foreland, and up to 3000 mm in the mountains (Meadows, 1999; Deacon el a/., 

1992). The change /rom winter-rainfall to non-seasonal rninfall in the eastern part of the 

southern Cape occurs abmptly at the Breede River. the boundary between the southwest,:m 

and southeastern Cape Floristic Region (Richardson et a/., 1995). 

"., 

.. 

FIgure 2.2: Southern 
Mrka, show~ 
Winter Rainfull 
Region (af\eT 
Cowling. 1991). 
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2.1.1 GEOGRAPHY 

The southwestern Cape of South Africa is a geograpllically distinct region of southern Africa. 

It is distinguished from t~ r<,.t of the COlllltry by winter rainfall (Figure 2.2) and a substrate 

that together host the lII1iquely diverse Cape Floostic Region. the smallest of six floristic 

kingdoms in the world (Meadows and Sugden. 1993). Fynbos, One of the globally richest 

plant commllllities in K'TIIlS of plant speele. per unit area. is a characteristic vegetation 

coeming 47% of the Cape Floristil: Region (Richan::lSOll et aI., 1995). Renostcn'eld is another 

major vegetatioo fu<matioo of the region. A general <kscription oft~ climate succeeded by a 

more detailed explanation of the geography and climate of each site follows . 

2.1.2 CLIMATE 

The oouthwestern Cape i. ",-,bjed to a Mediterranean·type climate, wllh cool wet wimers and 

wann dry windy summers ITyoon, 198.6). lbc climat~ at both .ites is controlled and 

lI!O<k.>nIted by the proximit~ to dominant ocean currents (Figure 2.3). In bnef, the cold 

Benguela cUTTent stabilise. air masses and causes t~ summer aridity a-Ieadows. 1999}. The 

wmter min is brought by v.esterly frontal depressions (Meadows, 1999). ~c;pitation 

gradients in I~ region are extreme. 1~'1lding towards dner condllions to the north of lhe 

Swart land and to lhe east of Agulhas and wetter wjlh altillllk in both sites. In the 

southwestern Cape. annual rainfaU vanes from <200 11El in the inlands to about 400 rrun on 

the coastal foreland, and up to 3000 mm In the mo .. mtains (Meadows. 1999; Deacon el 01 .. 

1992). The change from winler-rainfall 10 noD-seasonal rainfall in the eastern part of t~ 

southern Cape occurs abnrptly at the Breede River. l~ boundary b<.tween too southwesn,rn 

and southeastern Cape FIOTlstic Region (Richardson el a!., 1995). 
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FIgure 2.2: Southern 
Afrk., ,how~ 
Winter Rainfall 
Rellion (af\eT 
Cowling. 1991). 
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ChoplIT l: Selling 
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.'igu..., 2.3: Ba,it ckmt·nl' in Ihe ",asonal air p"'"ure dimiblKioo and wind dire<:lioo (I) over South 
Africa in SummIT (A) "",1 wiDlef (B). SAA and SIA are South Atbntic and South lndion Atltkyclooes 
(high pressure sy'tem,). 1 n summer (A). 'iOUthcrly .nd "}~th-caMcTly wind, blow along Ihe west co.,t 
causing cold water u) upwdl inshore. E."tctly wind, as.ociated wilh an tiC)"donic ridging lo.cc, 
upwell ing O\'C"", along Ihe ",",h tOaM, Th,· willi"," rainfall region 0) is dry durin~ Ihe ' umtucr (A) 
becauso low prc"LJJe 'yMem,. a"ociatc·d told front< "rod we'terly wirod, ore displated >O<J.lhwat,k 
The ,ummer rain lall region (3) however reteive, moi't air and he""" t'3infaU frOOl the SO</Ih Indian 
high. In willt<r (B), w· high pre"u,", ')"km, move norUl"rod we'terly wind, blow along Ihe we>! and 
'<)lith ooa<I,_ Cold frunl' .trctcil over the willler rainfall region bringing willi" rain while the , umm<:r 
rainfall region ,",main., dry_ Region (2) doe. r-.oI exhibil strongly "'"SOItal rainf,U, TIl< Agulha.s (. ) 
and Swartland (. ) pan_lunc,t!c- dU'ler.; ore indicated, (a,dapted frum Cohen. 19-93) 

ChoplIT 2: .""n;n~ 

IAI 

-_ ....... _ ......... _ .. _ ........... _ ............ _---

\ 

---

."igu..., 1.3: Ba,it clem.:n" in Ih~ ",,,onal .it p",",ure dimib,Kwn and wind dire<:tion (1 J over Sou~, 
Af,i<, ,n SumIl1cr (AJ and wiDle .. I B). SAA""" Sl A ~r~ South Atbntic and South lnd,o" Antkyclone, 
Ih1gb pressure systems). 1n summer 1 A), "",,"therly .nd s"~'h"" .. "crly wind, hlow along Ihe west C(las! 
C:lUSlng cold wme' Ul upwell in,bo,e. Easterly wind, as .. ",iated wilh an<iqckmic ridging r<><cc, 
urweUmg <ye_ alOflg Ihe ,outh to"M. [11<: willi'" "infaU ",gion (lJ i. dry duriny 'he 'umllle, (A) 
t>eC"USO [ow pre,,",e 'yMem" a, .. "i.I,:d told fronl< .nd we'te.rly wind, ore displ>ted """hwat,h. 
The ,ummer ,,,,n lidl region (3) !I<>wever receive, moi't air and brnce roinfall fmm the SO<J,b [ndian 
mgh. In wi",er (B J. tht· high p"·,,u.-c- ,y"cm, move 11<.-111 ond weslerly ""nd, ~J"w al"ny ,I\c "c,t ond 
,outh "",,-,I,. Cold frun" """«h owr Ih. willler rainfuU region bringing w;nler rain while the ,umOl<.·, 
'Olmall reg,on ,,:main., dry. Region (2) doe, r-.oI "thib;1 strongly ",o"",al rainf,U, 'fh< Agulhas r. ) 
"00 Swanl.nd 1- ) pan.lun<:<lc. du'len; ore indicated, I a.dap!ed frum Cohen, 1'193) 
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III M.'rrJQ$bo,HY 

I-D<orl<fl\l 
tJ R<>I:JbeIlIo.land 

. Capo A!l<i t>aoo 

. 'igu,"" 2.4: HiM"gmrn of ""!nlilly rainfall "V~,"gc, al CO.Mal ,,"aliltr M"lion, In [lie 
wulllwc,lorn Cape (SA W~ .. h'T Sen;",,) 

Ai; can be ,een in Figure 2.2. the Win,,:r Rainfall region of South Africa slrdches from the 

'OUlhwe'lem Cape north along the cml<l to Namibia. A., registered in monthly precipitation 

records from a nUlnbcr of W.::uhCf stations of the southwestern Cape (Figure 2.4), 1m. <aim 

increase dramatically from April (>30 rnm) to June (-70 rom) and persist until at 1=1 

Octolle •. ]a..ting the ,mlrem nemi'phere wint~r. The summer months from Noverlllxr 

through March are drier_ All {lr the 'lalion, graphed show lhls panem, though Ih~ n:cord, 

from Cape Agulhas, a station silUalOO on the border with the ycaHoond rainfall r~gion 

(Figure 2.2) >how a less extreme seasonal effect. 

The gro" arumal evaporation in th ~ southwe,tern Cape coastal area is rooghly 1270 mm 

while rainfall is only 3RO mm, giving a net ~v~poration rate of 890 nun (lingo, '1974). 

2,2 AGULHAS 

2.2.1 CEOCRAPHY 

The Agulhas region of the southwestern Cape is a generally flat. nten.ively fanned plain 

stretching fmm th e Brcd:Lwnrp Mwntains nf the Cape Fold Belt tn the sea, at the 

swthcrnn1(lst pn;nt of Africa. Th","aitc and Cnwling { 1988) coined the term "Agulhas Plain" 

to <kscribe the regional geomo'1'hic surface. most re~ently valley floodplain' with many vkis 

aJld pans. MOM likely. thi, surface wa, formed during the last interglacial wh~'D sea level wa, 

7·9 m above pre"-"Dt levels (Dav;'. 198 n. On account of the vlei;" pam and ,treams Ihc area 

has been described as "too one area of South Africa wher~ there is stil l an abundance of 

tIeshwater" (Dav;,. 198 L p.2J6). 

" 
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IElMaIm .. blJry 

,"-C Rot:t>eI1 Jsilwl 
_Capo Agl.Jhao 

~·igu..., 2.4: Hi""gmrn oj ".",lIlly rainfall "V~,"gc, al "NI."-"I woaU><, ""liun, In II", 
>OtllllwtslcTn Cape (SA W~alh,~ s"n;,"J 

Iv; cUn be .eeo in Figure 2.2. lhe Win,,'f Rainfall regiun of Swlh Africa stretches from the 

'i.OUlhw~'lem Cape nonh along [he co;i<l to Namibia. A.< regi,lered in monthly p=ipitalion 

records from a nu,l\bcr of w.::uhcr stations of the SOUlhwestern Cape (Figure 2.4), 1m, <aim 

increaStl dr~malically from April 1>30 rnm) to June (-70 mn:i) and persi,t until at least 

October. ]a..ling lh~ ,ruthem h~mi,ph~re w;nt~[. Tlle summer month, from Nov~llJh..,r 

(hrough "'''arch are drier_ All {If (he 'tallon, graphed .how thIS panem, though Ihe record, 

from Cape Agl1]has. a sialioo silualcd on the border with the ycaHoom! rainfall r~gion 

(Figure 2.2) >.buw a le ss ""trcme seasonal ctf':<:l. 

The gro", annual ev,,-poration in th e southwe,{em Cape coastal area i, roughly 1270 mm 

while ralufalilS only 3RO mm. giving a n~t ~vapora1 ion rate of 890 nun (I lugo. 1974). 

2.2 AGULHAS 

2.2.1 CEOCRAPHY 

The Agulhas r~gion of 1he >outhwe>tem Cape is a gen~ralJy flat . exten>i,ely fanned plain 

w"tching fmm th ~ Brcd:L"lnrp 1\100ntainl nf the Cape rold Bell to the sea. a1 the 

,wthcrnnl(lst pnint of Africa_ Thwaitc and Cnwling (I98S) coined the term ··A!,'Ulha, Plain·' 

TO descnbe the regionail,;eonJOlllhic surface. moSt re~ently valley floodplains wilh many vkis 

aJld par,,_ 10.10" likely. thi, sur6c ~ wa, fOllnetl during the last interglacial when sea level wa, 

7-9 In above prc'I."Ilt level, (Davh. 1981). On a<:count of too vlei,_ parui and stream.' Ihc area 

has been <ks.oribed lIS "the 1Jfl~ Mea of SOUlh Africa where {hel'e is stIli an abundance of 

lie,hwmel'·· (Davis. 19S '- p_2J6)_ 

" 
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Chtlptl'1' 2: Setling 

The underlying geology is a rrmaic of ,hale, alluvial sand. sandy cby. and day. The ,hale i.< 

part of the Bokkeveld Groop of tlle Cape Supergroup. The :;andSlOJJ€. which i, commonly 

interbedded with "haley layers and quartzite. i< pan of the Table Mountain Group. also pan of 

the Cape Supergroup. Older Malme,bury Group shales occur aloag the upthrmt ,ide of a 

number of fauillioos. Mud of the ,urface i, young (<Tertiary) calcified dUJJ€ sand of the 

Bredasdorp Group (Geological Survey, 1963). The sediment< COIlsi,t of a bi:;equaJ duplex 

profile with alluvial or colluvial topwils over residual and transported clays. Numerou.' 

actiye dune field, occur along the C03!.t. 

2.2.2 PRECIPITATION 

There is a ,trong rainfall gradient across the Plain from 480 mm per annum at Cape Agulhas 

to 54D mrn at Gansbani (SA Weather Bureau). It is a Mediterranean·lype climate with 

between 65% and 75% annual precipitation falling III the winter (Thwait~ and Cowling, 

1988). 

'" 70.0 

00 (0.0 , ~ 50.0 

! 40 
c 

40.0 " 
~" 

, 
?OO 1 , ro ;00.0 .. 10.U 

" " Jan foto Mo:" iv,): '~'Y J,.n ,I" "-'xJ s.,,,. m, No, 0", 

FiWl~ 2.5: Moothly a,'erug<s a"lk Cape Agulhas WC,1tOOr ,mtiOll. 
PrecipllatiOll Tecooh ar~ from 1899--1999. Annu,l [>l'ocipit,ti<>ll "'crage. 
470.9nun. T cruperaturc recocd, are from 1 \l92·2(X12 (SA W~a{h.:r s.,rvic~). 

EXlI'ell'" precipitation event, may indicate an amplification or the rainfall gradient in recent 

histol')'. In a paper mmitoring molluscan activit} in the pans and vle;s of the Agulha., region. 

Davis (1981) observed an eastward ruaching Hridity during the past centul')'. Based on 

communicalions with local farmer;, he Slated that during the summers or 1%9 and 1970 a 

number of the "lakes" in Ihe Agulhas region dried entirely for the fir.st time in 50 years. 

Soclcndahvlei. the largeSl water body in the region. was dry lhrOllghout a seven year drought. 

ending in 1973 (Davis, 1981). 

Chapler 2: :;rIling 

The undcrlying geology is a rrmaic of ,hale, alluvial sand. sandy cby. and day. The ,hale i., 

part of the Bolkeveld Groop of (lie Cape Supergroup. Tile :;.anrn;tone. which i, commonly 

imerbeddeJ with ,haley layers and quartzite. i< pan of the Table Mountain Group. also pan of 

th~ Cape Supergroup. Older Malroer.bury Group shales OCcur aloag the upthnm side of a 

numoor of fault lines. Much of the surface is young (<Tertiary) ealcifieJ du!ll' ,and of the 

Brcdasdorp Group (Geological Survey, 1%3). The sedimen« COIlsis! of a bi!>equaJ dupltlX 

pO'Ofile wnh alluvial or colluvial top.<Oil' over residual and transporteJ clays. Numerou., 

acri\"e dune field, occur a long the coa.-.t. 

2.2.2 PRECIl'ITATION 

There i~ a strong rainfall gradient aeros; th~ Plain from 480 111m per annum at Cape Agulhas 

to 54D mm at Gazd'aai (SA Wealher Bureau). It ,s a Mediterranean·type climate ",th 

betwe~n 65% and 75% clnnual prccipitauon falling on tile winter (Thwait~ and Cowling. 

1988). 

ro r----------------, 70.0 
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FiWl~ 2.5: Moo(hly a'<nl~es m 'Ik Cope Agulha, wcmhc< '(ll/iOll. 
f'recipllation T""ool> ar~ from 1899--1999. Annual [>l"t'Cipitll/",u ",' .. age. 
470.<,tnun. T crupcralurc 1"CC<Jfd, are from 1991·21X)2 (SA W~..th.:r s.,cvic~). 

Extren", precipitation events may indicate an amplification of the rainfall g;radient in recent 

hi,tory. In a paper roonitoring roollu..clUl activit} in the pan' and vlei, of (he Agulha., region. 

Davis (1981) <:>bserved an eastward ",aching aridity during lhc past century Based on 

communications with local far"",,,, he 'tated that during the su!l1J1le-rs of 1%9 and 1970 a 

numher of the "lake," in the Agnlhas region dried entirely for rhe fiN tim.: in 50 years. 

Soclendahvlei. the large.'t water hoJy '" the region. waS dry lhroughout a seven year drought. 

ending in 1973 (Davis, 1981). 
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Chapter 2, Selli!1g 

2.2.3 WIND 

A, evident in Figure 2.7, Agulhas' i, .mbjected to a birrxxlal annual WInd regime wi{b calms 

for OfLly 5.5% of the time. The wind, like the rainfall. is sc~sona1. For roughly 18% of the 

year. wind is blowing from the wcsr. gusting greater than 8 ml., for ..\% of th~t {imc. 

Likewi'>C. for another 17% of {he year. win d i. blowing from the ~ast and gusting greater {h~n 

8 m/s for nearly 5% of that tiroo. 

n.""" "'" 
'~ ~ ,~ .. ("" 

.,." D 

~ .. -

Figu..., 2.7: Annuat wirKI a'=gcs fo,- Slmi"'aai (:14°4.'!·S 2()"()4 ·E). N(}Ie arm, poi"t in 
directi(Kl fTOm which wirMl hiow, . Percentage in Cenltc irMlicalc.< calm timc (SA Weather 
Service). 

2.3 SWARTLAND 

2.3.1 CEOGRAPHY 

The Swartland is a gently undulating plateau mantled by nutrient-rich .<oil.<. T1le Swartland 

region is inland from {he more coa.rol ,",ctions of {he region which are referred to as 

Sandvcld: the Swanland site here occurs ~(a Co~&t-wanJs extreme, Ix:>rtkring on the Sandveld 

(Talbot. 1947). 

'The Weatiler Bur""u' , 'tation at Agulha, doe, nol record wind dat"- n.c Strui<;baai ,,,,,ion i, some 
10 lm ca.{ .Iong Ll>c penin, ula. and ;, likewi'e a co,,-<[.I ,,"{ion. 

(!,,,pler 2, Sellilrg 

2.2.3 WIND 

As evident in Figure 2.7, Agulhas' i, .mbjected to a bimodal armuaJ wmtl regime "itb calms 

for OClly 5.5% Oflh~ tilll<'. The wind.lik~ the rainfall. i\ sc~sonal. For roughly 18% ofth~ 

year. wintl is blowing from lhe west. gu"ing great~r than 8 nv.' for -1'* of th~t time. 

Likcwi'>C. for anotl"'r 17% of the year. wind i, blow ing from the ~aSl and gusting greater than 

8 m/s for n~arly 5% of that tiroo. 

, 
" 

' •. ~ .~ .. ("" 

"'"D 

•••• L::.J 

~ .. -

Fi gu..., 2.7: Annual wind a'cntg"" fo,- SImi"""'i r:W'4JI's ~()·(WE). N(}Ie arm, [>Oi"t in 
dl,-~cti('" fmm ",hiell "Hid hlow,. P«cenlage in Cenltc irklicaic.< coJm tim~ (SA Weather 
Service). 

2.3 SWARTLAND 

2.3.1 GEOGRAPHY 

TlIe Swanbntl is a gently undulating pl~teal1 mantled by nutrient·rieh .mil.<. Tbe Swa"lanti 

res,on i, Inl and from the more eoa.rul "",UOClS of lhe region which arc referred to as 

Sandvdd: tile Swan land site here occur:< ~t a Co~&t·wartls extreme. Ix:>r1:kring on the Sand,'dtl 

(Talbot. 1947). 

t I'he We.tiler III1r""u' , "alion.t Agulha, doe, IlOl """.-d wind Jala 11>0 Strut<b.." statio" i, onme 
10 lm ~ .. t .k>ng 'he peninsula. and i, liknv;,c a cO .. <,I..l ",",ion. 
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(hurl",2: Xlti"g 

The region is primarily underlain by the s hal~s (If the Pr""ambrian Mal OIewury Group. Ncar 

Durling; where ttle pans oemr, however, a numher of different ro<:k-type, OIee1. The 

Precambrian coarse porphyritic Ddfling granite. (If the Cape Granih) Suit.), intrude, into 

Precambrian Malrnewury Group IOCla-sedlTIl'nts an<l nutcrops in a series of small roumle<l 

hi lis (Scheepers, I 995). The r~OIaining geology of thi, particulm part of t!J., Swanlan<l is 

Quaternary sand and loamy sand lypical of the "hillocky veld" (Geological Survey. 1972) 

2.3.2 I'IUjCll'lTATlON 

Thc Swartland r<lCcives a ",,"Iar amount of annual l"""ipit;J/ion to Agulhas but with a 

,lightly more pronounce<l seasonal <liSiindion. P<'rhap, more noticeable hecau"" the Darling 

weather sfUtion is significantly further in land tMn the Agu lha, 'lations which are aI the coa,\. 

90 , --' - --
00 

'" 
I 00 , 
• 00 

[ • c -c 00 

00 

w lLL 1I 0 
J"-n Coo ~/c.r .. , >~ ~hy Jen c'" Al'l ~c N ~ ~ 

Fig ..... 2.~: MOTllhly '''"Tag", atm. Darling weotlleT '!ation 
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Charier 2: $riling 

2.3.3 WL~tJ 

The Malmesbury weather station io the Swartland cxperience' a weak bimodal to unimodal 

annual wind r~8i""e with calm for 25.9"1;. ()fthe ti""e. The wind blo ws from the >OIlthwest for 

approximately 14% oflhe tim::: . 2% ()fthat ti"", gu.ting up to 8 mI,. Th~ SwartlaJld', strong 

winds arc a Imown caus~ of aggravated soil erosion in an area with a history of soil 

<kgradation(falbol,1947). 

.,,, .... ,,(-.0,: 

" .,. U 

.~" -
,." -
.... -
"' -

. 'igure 2. HI: An1>ll.1 wind a"erag'" fOT M.tme.,hlKY (32"'58' S I 8"' to'E) (SA Weathor Sf" ice). 

2.4 CURRFNT AND HTSTORTC LAND-uSF: 

Waves of hum::m acti,ity ha'c left thcir mark on the land,cape, ()f the southwc,tem Cap". 

The area ha. been inhabited by humer -gatherer-f"hing humans for the past two million )·ears. 

Khoikltoi pastoralists h av~ been ",is in g stock for the past two thousand years. Jan van 

llicbeeck mnved in 1652 t() establish a rest station for the Dutch Ea,t India TI:lding 

OmopaJly Engli'h colonial spreading c()ntinued dramruically during the late IS'" cenrury 

from the epicentre of the "Mother City"' of Cape Town. Tk land of the Swanland and 

2.3.3 WL~tJ 

The Malmesbury weather station in the Swartland eXlX'ricn~~' a weal bimodal to unimodal 

annual wind r~8in"e with calm for 25.9'11:. of the tin"e. The wind blows frum the >OIlthw~st for 

approximately 14,} o[the time. 2% o[thm time gusting up to 8 ml,. Th~ Swanlalld', 'trung 

winds arc a lmown caus~ of aggravated soi l erosion in an area with a hhtory of soil 

<kgradation (falbo!. 1947). 

2..1 CURRENT AND HISTORIC LAND-uSF 

. ... " .. ,(...., 
o"'°U 

.~" -
,." -
.... -
., -

Waves or hurn:rn activity Itd"e left their mark on the laJl<bcapc, of the southwe,tem Cap". 

The area ha. oo.,n inhabited by hunt'" -gmherer-fishing humans [or the pa't two million )'eaI"'L 

Khoikhoi paslOralists ha"~ been r.lis ing stock for th~ past two thousand years . Jan van 

Riebc·.,d arriwd in [652 to establish a re,\ station fur too Duwh Ea,t India T",ding 

Company Engli,h colonia! spreading continued dramatically durin!\ t~ late 18'" cenrury 

from the epiccotrc of the "Morber City"' of Cal'" Town. The laud uf the Swartland and 
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Chapler Z, :klting 

Agulh"-' Plain i, currently u,ed primarily for the cultivation of wheat and grapes and for 

raising: livestock ,uch a' sheep. dairy cows, and ,,,nich. ~"than 6% of rCl\OStcrveld and 

14% offynbos in the we,tern Cape lowland~ remain untran,formed (Richard,on ct al., 1995). 

2.4.1 ARCHA EO LO G ICAL SITES 

There are nun",rou, an:haoolog:ical bites in the sooth western Cape. In the Swanland, near the 

pan-lunette feruures, ,ites such as Saldanha Bay. Melkbo" ElalKMontein and Eland's Bay 

have been excavated (Jerardino, 199], Deacon and Lancaster, 1988). Near Agulhas some 

,ite, "rn Stanford, Die Kelder:, and Byneskranskop (Ayery, t993; Deacon and Lancaster, 

1988), 

.'igu~ 2. 11 : A numheT or archaeologicat ,ite, in the western Cape (from O<acon and Lancaster. 
1988). Scale is wughly 1:5 000 M. 

After 1600 BP (Latc St()ne Age) the Cape landscape wa' altered by livestock. kept by 

Khoikhoi herder-forage",. In one of the earJie~t southern site'. sheep appeared at Die Kelder; 

between 19O()..1600 BP (Smith, 1992). Avery (1997) foond 342 'heep 'amples introduced 

betw""n 2000-1500 BP (LSA). po'sibly in conjunction with pottery, but pre~ent a few 

hundred year< before cattle, Cat~e kept by the Khoikhoi "P~ar in low numbers in the 

an:haeo10gical record ()f the wuthwestem Cape around 1300 BP (Smith. 1992). It was 

concluded that Middle Stone Age (MSA) peoples were less effective hunter-gatherers than 

,ucce"or< (LSA), m\Sed on mammal. hird and t()rtoi se remain, found in the cave. 

Heydenrych (1999) identified Later SlOne Age ,hell middens and t"h traps along the coa't 

abo left behind by Khoi\;:h()i pastoralist., 

Agulh'b Plain is currenlly u,ed primarily for the culth'ation of wheat and grapes and for 

raising live,lock ,uch a' sheep_ dairy cows, and o,trich. ~ .. , than 6% of rcoosterveld and 

14% oft)"nbos in the we,tem Cape lowland, remain untran,fOl1TOld (Richani>on ct al., 1995). 

2.4.1 -\RCHAEOLOGICAL SITES 

There are nun",rou, ardlilOOlogkal ,ites in the soulhwt";tern ("ape_ In the Swanland. near Ihe 

pan-lunetle feruures, <iles such as Saldanha Bay. Mcllbo<, Elan<Monlein and Eland', Bay 

have been e.cavated (Jerardino, 199], Deacon and Laru:a:,(er. \9S8). Near Agulhas SOme 

,ile, "I"C Slanf",d. Die Keldet"l> and Byneskranskop (Avery, 1993; Dtlacon and Lanca5ter, 

1988) . 

• ·i~u ... 2. 11: A numM or orch..'lWlogical ,ite, in the western Cape (from o.,,,,,on and Lancaster, 
1988)_ S,-.ue is wugWy 1:5 000 IXIO. 

After 1600 BP (Late Slone Age) tOO ("ap<l land>eape wa' altered by livestocl kept by 

Khoikhol herder-forage",_ In one of the earliest ;oulhem site<, sheep appeared at Die Kekler; 

between 19O().-1600 BP (Smith, 1992). Avery (1997) foond 342 <!Jeep <amples lttlroduced 

betw","n 2000--1500 BP (LSA), f'O'Sibly in conjunction with polwry, but pre,enl a few 

hundred year< before Cattle. Cat~e. kept by the Khoikhoi appear in low numbers in the 

archaeologica l record of the wuthwestrm Cape 3fOIJnd 1300 BP (Smith. 1992). It w"" 
concluded that Middle Stone Age (MSA) people< were less effective humer·g;llherers than 

,uece,,,",, (LSA). rnb.ed on mmnmaL hird and tono;", remain, found in the ca'..,. 

Heydenrych (1999) identified Later Stone Age. ,hell middens and fi,h traps along the coast 

abo left behind by Khoilhoi pastorali,t<. 
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Chapter 2: Setting 

Although vegetation previous to the pastoralist economy has not been documented clearly for 

the southwestern Cape, there is little evidence to indicate that the seasonal migrations of the 

Khoikhoi and their herds between velds caused anything close to the magnitude of modern 

known 'environmental degradation', but rather that this transitory lifestyle was well-suited for 

sustainable livestock and veld condition (Hoffman, 1997). Other authors do argue, however, 

that resources such as nutrients, water, fuel, and fibre were scarce before the "substitutive 

technology" of the European colonialists, a system referring to the substitution approach to 

farming that relies largely on introduced plants and animals (Richardson et al., 1995). 

Fire activity is a necessary force upon fynbos vegetation and the renosterveld vegetation 

endemic in these coastal strips (Le Maitre in Richardson et al., 1992). Seedling activity of 

these vegetation types is nearly confined to the period immediately following burning (Le 

Maitre in Richardson et al., 1992). Natural ignition is credited to lightning strike, but humans 

have been using fire as a tool to 'domesticate' the landscape through the course of their 

occupation. Early fire stick methods of burning were employed for the noticeably more 

fertile regrowth properties of the fynbos, but it was only the frequent burning by Europeans, 

which have been recorded, as detrimental (Hoffman, 1997). 

2.4.2 SALT 

Salt production may be the oldest human industry in South Africa. The Pretoria saltpan 

shows evidence of salt extraction before the arrival of Europeans (Beaumont, 1984). In the 

Western Cape, pans were first mentioned in the historical record by Leendert Janssen, 

commander of the survivors of the Haarlem, a ship from the Netherlands, which was wrecked 

near Bloubergstrand in March 1647 (Hugo, 1974). In 1649 Janssen recommended the 

founding of a refreshment station at the Cape, highlighting the presence of salt in abundance 

(Hugo, 1974). In May 1652 Jan van Riebeeck inspected a coastal saltpan near 

Bloubergstrand and soon initiated harvesting for both local inhabitants and passing ships 

(Hugo, 1974). In 1727 Kolbe reported the discovery of other pans "south of the Zondereind 

River near the sea", near Bredasdorp today (Hugo, 1974). 

A number of pans in both Agulhas and the Swartland have been mined in the past 50 years 

(Spies et al., 1963; Visser and Schoch, 1973). Burgerspan South in the Swartland and 

Soutpan in Agulhas continue to be mined for salt today. 
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Chapter 2: Setting 

2.4.3 RECENT LAND-USE 

2.4.3a Agulhas 

The Agulhas area was first colonized by Europeans In the 18th century 

(http://www.lagulhas.co.za). The European settlers brought with them traditional wheat and 

sheep farming methods. Cape Agulhas lighthouse was built 150 years ago making it the 

second oldest lighthouse in South Africa (http://wwwJagulhas.co.za). The lighthouse was a 

necessary addition as the earliest recorded shipwreck along the coast of Agulhas occurred in 

1552 and they have continued to occur regularly into the present. 

Two major transformative forces have been documented on the Agulhas Plain in recent 

history (Lombard, 1997). Firstly, cereals and pastures have been cultivated on more fertile 

shale-derived soils, which previously supported Coastal Renosterveld and Elim Fynbos. This 

land-use practice is responsible for the estimated loss of 34 693 ha (22.5%) of the area's 

indigenous veld (Lombard, 1997). Secondly, alien plants such as Australian wattles have 

replaced an estimated 17 470 ha (14.7 %) of natural habitat reducing natural biodiversity, 

increasing fuel loads and the resultant wildfire hazards, and exhausting water supplies 

(Lombard, 1997). Lombard (1997) blames the overall regional fragmentation of native 

vegetation on the invasion of alien plants and agricultural clearing for pasture and cereal as 

described above and to lesser extents, urbanization linked with the development of coastal 

resorts, non-sustainable harvesting of indigenous wildflowers, and inappropriate fire regimes. 

2.4.3b Swartland 

Dutch pioneers first explored the Darling region of the Swartland in 1682, though the 

namesake of the village, Lt. Governor Charles Henry Darling, only established a farm there in 

1853 (http://www.geocities.comldarlingvillageihistory.html). 

The regional economy moved from a stock-based system to the production of wheat, oats, 

barley, and rye during the late 19th century. By the end of that century, viticulture was 

beginning to replace the cereals as the international market opened. By the late 20th century 

after 1 000 000 years of fire stick farming, 2 000 years of stock raising, and 300 years of 

cultivation, farmers are beginning to struggle with the repercussions (Deacon et al., 1992). 

Donga formation, accelerated by down-slope furrowing, water run-off, and wind erosion, is 

an increasing problem in the area. Since 1947 farmers have actively addressed the situation 

by growing lupins and building walls, with noticeably positive results (Morel, 1998). 

Currently as much as 75% of the land is cultivated (Macdowell in Meadows, 2001). 
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Chapter 2: Setting 

The name Swartland is derived from the dark-hued vegetation that greeted the first Europeans 

in the area. Indigenous Renosterveld is all but missing now except for the inaccessible 

scrubby heights ofthe Darling hills; the rest was ploughed up for wheat (Smith, 2001). 

This research occurred amidst fields of wheat on farms in both the Swartland and Agulhas 

regions. This land-use has had a long-term effect on the development of the landscape. The 

topographic relief of the original lunette dunes may have been reduced by centuries of 

ploughing. Salt works cause chemical and physical changes. The farmed lands do dearly 

expose the pan-lunette features, however. In Agulhas, many of the features are now part of 

National Park land. 
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Chaptey 3: Pan-lunette dynamics 

3.1 DF.5CRJPTIOI\ OF THF. FEATURE 

Thc term ·pan·IWlellC' is a tcnn used herein to deseribe pans bordered by luncnes. A pan is an 

eph""",rally flooded c1o..,d basin water body found in arid zones and a lun~tte is a transverse 

dune composed of sediment ranging trum sand to clay-sized on the leeside of the pan (Shaw 

and lbomas, 1997). rhe lWlettes in Agulhas and the Swartland, as evident in l'igurc 3.1, arc 

relict fcarurcs and currcntly vegetated, in most cases even famted. The pam never dJy out 

entirely. The com)XIncnts and distributioo of these pan-IWlctte feature" are described in morc 

detail below. 

Fig ure 3.1' Onhuphutugra-ph (Dircctur:atc ofSmv<y •• oo ),tapping, 1981) '00 photograph, ofm. 
ron_lunette kolUIT Slaogkop. "Tho top Footo ",os t"h~ und", >OInO of the dri<.t condition. 
"illlessed during Ibi, siudy (SMG, April 2(02). Nolo figure on height of inn", "lunette" for "".k 
J he bottom poolO was taken Ullder waler_full conditions (SMG. Oclober 2(02). 'lhe Crest of the 
ouler lu""n. con be ,.,. n.1 the middle horizon. The photos look westward. T)" onhaphotograph" 
'li:IOOOO. 

Chaptey 3: Pan-lunette dynamics 

3.1 DF.5CRJPTIOI\ OF THF. FEATURE 

Thc tcrm ·pan·lunenc' is a tcnn used herein to deseribe pans bordered by luncHe,. A pan tS an 

~ph""",rally flooded cJo..,d basin wat..- body found in arid zon~. and a IUMUe is a transverse 

dune composcd of sediment rangmg tium sand to clay-,ized on tbe lccside of the pan (Shaw 

and lbo"""" 1997). rhe IlIIlettes in Agulhas and the Swartland. as evident in l'igurc 3. I. arc 

relict fcatures and currcntly vegctated. in most cases even farm~d. The paw; never dJy out 

entirely. The components and distribution of these pan-lunette feature" are described in morc 

detail below. 

FiIlU"" 3.1' Onhophutugr..-ph (Dirceto.-..rc of S"""y' .00 ),tapping, t 98 \) ond phOlOJ!T"Ph' of the 
pon_lunctte tc"llIT Slangkup. Tho top photo ",os t"h~ undcr 00"'" of the dn<,t eun,htioTlS 
"i""'ssed during thi, study (Sl>tG, April 2(02). Nute figure on height of inner "JUIlCtte" for "".k 
I he bottom photo was taken lIII<kr w.ter_full conditions (SMG. October 2(02). ·the crcst uf the 
outer lunone COlI be ,.,en.t the middle horizon. The photos look westward. T)" onOOphotograph iI 
.tJ:IOOOO. 
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Chapter 3: Pan-lunette dynamics 

3.1.1 PANS 

Pans are commonly found in zones where annual evaporation exceeds precipitation, creating 

the saline water bodies. They occur on a range of different sizes and from a range of different 

origins. They exhibit ephemeral surface waters. Pans are labelled interchangeably worldwide 

as playas, salt lakes or sabkhas. In the southwestern Cape of South Africa, they are often 

referred to by landowners as vleis, indiscriminate to other water bodies. Usually clearly 

productive salt-pans, characterised by a crust of salt, are so called. 

The distinguishing characteristics of pans include flat surfaces devoid of vegetation, their 

occupation of topographic lows, the lack of surface outflows, and ephemeral standing surface 

water caused by evaporation exceeding hydrologic input (Shaw and Thomas, 1997). In 

addition to a suitable sedimentary substrate, factors such as a tectonic or climatic drainage 

disruption, and geologic structures like intersecting fractures or basin-shaped sills encourage 

the initiation of pans (Shaw and Thomas, 1997). Pans are propagated by animal activity, 

surface deflation, and a lithology that is favorable to weathering in saline environments 

(Partridge, 2000). 

The closed nature of pans is an important characteristic for many research purposes. 

According to Torgerson (1986), there are three assumptions that can be made to simplify the 

scenario if the basin is, in fact, closed. A closed basin means that (1) the pan sediments are 

controlled by water chemistry and depth within the pan, (2) a near equilibrium environment 

exists because of the fast response time of the surface water, (3) dry lakes cannot alter their 

own sediments or surface-waters in a simple manner. A closed basin is not an entirely closed 

system as it receives atmospheric inputs of chemical and particulate matter. Many of the so­

called vleis in Agulhas have inflow channels, but no surficial organized drainage outflow. 

For the sake of this work, these vleis are considered to be pans, although technically they are 

not closed. 

The distribution of pans in southern Africa has been described using 1 :50 000 topographic 

sheets and aerial photographs (Goudie and Thomas, 1985). Pans in southern Africa primarily 

occur on the arid side of the 500 mm mean annual isohyet and the 1000 mm free surface 

evaporation loss isoline, occupying as much as 12% of the surface area, frequently along 

paleo-river courses (Goudie and Thomas, 1985). The distribution of pans in South Africa 

corresponds to rock and sediment types, usually shales and unconsolidated sands, such as 

Kalahari sands, Dwyka tillites and the Ecca shales in the Karoo Supergroup (Goudie and 

Thomas, 1985). The major regions of pan concentration are in the northern parts of the 
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Chapter 3: Pan-lunette dynamics 

country with clusters in the western Free State, Northwest Province, and the Northern Cape 

Province (Figure 3.2) . 

ATLANTIC 
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NAMIBIA 

AIIUlh •• plll1s 

ZIMBABWE 

BOTSWANA 

• • 

" :: .-
" :ft" I .... :.. ~ ,.: .... .,1,. OTH 

.tI. V. .. r.-. .. 
" •• 

Figure 3.2: Distribution of pans in Southern Africa (adapted from Smith, 2000). 
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While the coastal regions of the southwestern Cape do not figure prominently in geomorphic 

reviews of pans throughout South Africa, much of the Swartland and the Agulhas Plain fall in 

what the Geological Survey of South Africa consider salt-pan regions. Although pans in the 

southwestern Cape are smaller and less densely distributed, they are of considerable economic 

interest. 

Salt producers credit the presence of salt in the southwestern Cape with a combination of 

direct inundation of seawater into the pans by periodic flooding or gradual seepage, salts sunk 

into old marine sediments, and rainwater leaching salt from the dunes (Hugo, 1974). These 

theories are supported by chemical impurities in the salt that are the same as those found in 

seawater (Hugo, 1974). The replenishment of salt in these pans is not rapid enough to permit 

annual harvesting. 
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Chapter 3: Pan-lunette dynamics 

3.1.2 LUNETTES 

The term lunette was coined in Australia by Hills (1940) to describe the lunate morphology of 

clay-rich pan-side dunes. Lunettes are defined as clay-rich transverse dunes on lake margins, 

meaning, firstly, that they have a clay loam composition and, secondly, that their horns face 

into the wind. Lunettes do occur in a range of textures and mineralogies in deserts around the 

world where mean annual precipitation is less than 700 mm (Goudie and Thomas, 1984). To 

clarify, it is common to label the lunette with its texture class: a clay loam lunette, for 

example. They range in height from a few meters to a few tens of meters. 

In southern Mrica, lunettes are common and well developed in the Northern Cape Province 

and Northwest Province (Goudie and Thomas, 1984). Lunettes of the Kalahari tend to be 

very sandy - up to 90.4% sand (Goudie and Thomas, 1984). Many lunettes in the region are 

calcretized, a process of post-depositional cementation with calcium carbonate (Goudie and 

Thomas, 1984). 

A clay dune - composed of at least 20% clay - has a number of characteristics distinguishing 

it from its sandier cousins. This textural characteristic determines larger distinguishing 

characteristics. Clay dunes do not exhibit the cross bedding common in quartz sand dunes, 

but instead have a parallel bedding structure (Bowler, 1973). They form low-angle slopes, the 

steeper of which occurs on the windward side. Also, because they stabilize rapidly, they do 

not migrate from the original source, commonly the margin of a coastal lagoon or an inland 

saltpan. Not all clay dunes, however, are lunettes; only those dunes forming on salt lake 

shorelines are referred to as lunettes or fringing dunes. 

Besides texture, lunette morphologies are also affected by wave action and shoreline drift in 

deeper pans, extent of aeolian activity often causing blowouts in clay dunes, and groundwater 

bevelling which serves to flatten the pan floor, often causing cliffs around the margins 

(Bowler, 1985). 

Active clay dunes have been documented on the margin of coastal lagoons in Texas, on the 

west coast of Senegal, and inland on pan margins in Algeria. Clay dunes are actively forming 

in a wide range of climatic and environmental conditions (Bowler, 1973). Studies of these 

active systems have benefited theories of propagation. 
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Chapter 3: Pan-lunette dynamics 

3.2 PROPAGATION THEORIES 

Although there is some contestation, it is generally agreed that lunettes form along pans in the 

following way (as described by Price, 1963): 

During the dry season, the pan water table drops and the bare clay-rich shore and flats are 

exposed to rapid heating and drying, forming a clay crust. Because of the efflorescence of 

salts present, the crust flocculates into clay pellets of sand size. These pellets are then deflated 

by a predominant wind, accelerated across the pan floor, and deposited onto the leeward shore 

of the pan. During the ensuing wet season, on account of the hygroscopic nature of clays, the 

clay pellets are quickly stabilized into dunes in thin layers of clay, often preserved as 

individual laminae. 

Clay dunes thus form in the presence of (1) a shallow saline water body that has (2) 

seasonally exposed mud flats and is subjected to (3) strong unidirectional winds during a (4) 

hot dry season (Bowler, 1973). Salinity is important for inhibiting plant growth on the pan 

floor, and for creating sand-sized clay pellets by efflorescence. Water is a necessary agent in 

this process, concentrating and distributing the salt and sediment supply. Seasonal high 

temperatures are necessary for high evaporation rates, which must lower the water table and 

desiccate clays rapidly. Necessarily high dry season temperatures may exceed 28°C (Bowler, 

1973 as quoted in Lancaster, 1978). Winds during the mid to latter part of the dry season after 

the water table has lowered must be strong and unidirectional. Despite these limitations, 

modem clay dunes are forming in a range of climates, with local controls playing a more 

important role on hydrologic factors than regional controls. 

The major issue of contention in regards to formational theories of lunettes deals with the 

presence of standing water in the pan. Hills (1940) theorized that droplets of water are wind­

deposited from standing water in the pan to the downwind shore, there encouraging 

deposition and retention of the majority of dust. Hills then associated lunette propagation 

periods with humidity. Stephens and Crocker (1946) and many subsequent workers 

(including Price, above) stated the most important sediment addition was a product of dry­

scouring of wind over an entirely desiccated lake bed, depositing sediment in a dune which is 

then self-propagating as wind is deflected over the dune crest and forced to deposit its particle 

load on the dune (Campbell, 1968). Stephens, Crocker and later authors connected dune 

building with arid climate phases. 
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Chapter 3: Pan-lunette dynamics 

Additionally, the importance of vegetated lunettes is contested. It has been argued that 

vegetation on actively growing dunes helps to catch and deposit air-blown dusts and actually 

provides a foundation to retain sediment on a steep windward slope (Campbell, 1968). 

Vegetation, then, in addition to the cohesion provided by high clay content would be 

responsible for the diagnostic steep windward slopes. In most analyses vegetation goes 

unmentioned. 

An additional mechanism suggested is that the composition of the lunette is detennined by the 

hydrologic environments during formation. Quartz-rich dunes are formed during lake-fun 

conditions while clay or gypsum-rich dunes form when the basin is dry and the floor itself is 

deflating (Bowler, 1983). The sedimentary contrast thus reflects different origins. 

In a number of examples, a series of lunettes with varying textures and orientations were 

identified along one pan shore and regarded as the product of different dune-building phases 

(Marker and Holmes, 1995; Lancaster, 1978; Bowler, 1985). In Australian examples, Bowler 

(1985) observed clay lunettes built stratigraphically above sandy lunettes as a result of a shift 

from surface water to groundwater-controlled basin hydrology, essentially a shift from 

standing water to arid halite-crusted pan basins. The southern Kalahari arcuate margin dunes 

in Botswana frequently have an inner dune ridge consisting of poorly sorted sediments, 12-

20% silt and clay and 12-15% calcium carbonate (Lancaster, 1978). The outer dunes are 

composed of fine red quartz sands and have been interpreted as the product of initial deflation 

of the surface Kalahari sands during a dry period in the late Pleistocene. The age of the inner 

dunes has been assumed to be 9-10 000 BP, during post-glacial desiccation in the southern 

Kalahari (Lancaster, 1978). In the northeast Cape of South Africa, Marker and Holmes 

(1995) also identified a pan with a series of three marginal dune ridges, with textures ranging 

from silt and clay near the pan basin to fine sand in the dune furthest out. It was concluded 

that the sandy dune formed first, perhaps correlating with similar proximal sites, 

luminescence dated at roughly 20 000 BP. The smaller clay dunes were formed at the margin 

of a shrinking pan, under more arid post-glacial conditions. 

3.3 PALAEOENVIRONMENTAL SIGNIFICANCE 

In summary, clay lunettes require saline environments, seasonal flooding and evaporation, 

strong unidirectional winds, and a hot dry season during the windy times. 
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Chapter 3: Pan-lunette dynamics 

Despite the arid environment breeding the feature, dune formation requires at least the 

seasonal presence of water so that evaporation can exceed precipitation. Bearing this in mind, 

periods of dune formation are not solely indicative of arid periods. 

Palaeoenvironmental inferences have been reached based on evidence in a number of pan­

lunette features. These studies were first conducted in Australia (Hills, 1940; Campbell, 

1968; Bowler, 1973; Bowler, 1983; Chen; 1995). Although there are pan-lunette features in 

the winter rainfall area of southeast Australia, the work there has focused on features in the 

summer rainfall regions. More recently studies have been done in southern Africa (Lancaster, 

1978; Marker and Holmes, 1995, Thomas et ai., 2002). 

The current study is one of the first of its kind in this part of South Africa. It is distinguished 

from other studies in the country by virtue of its locality in a winter rainfall region and its 

proximity to the sea. Additionally, no other regionally comparative studies were found. The 

work of this project does borrow heavily from previous techniques and approaches to the 

interpretation of these kinds of features, as this chapter indicates. The technical approaches to 

the pan-lunette features of the southwestern Cape are discussed in the following two chapters. 
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Chapter 4: Pan-lunettes at a Regional Scale 

4.1 APPROACH 

A perspective infonned by a number of different proxies at various scales provides the best 

explanation of the history of the pan-lunette features. This work approaches the features from 

a regional scale, inspecting the entire duster, and at a local scale, with detailed studies of two 

individual pan-lunette features. 

At a regional scale, the spatial distribution of pan-lunette features can be morphometrically 

quantified using maps and photos. The map work utilizes orthographic photographs, 

topographic maps and aerial photographs to document characteristics such as the size, location, 

elevation, primary axial length and orientation of pans, and lunette orientation. Particular 

attention is paid to the relationship between pans and the surrounding landscape as well as the 

relationships between the pans themselves. Not aU of the pans in the southwestern Cape have 

associated lunettes. Both the pans and the lunettes take many different fonns. These 

variations are documented. The morphology of the modern landscape of the Swartland and the 

Agulhas Plain is studied in tandem with modern wind and precipitation data from the South 

Mrican Weather Service. This work comprises the current chapter. 

At a local scale, a number of different techniques are utilized to detennine the sedimentary and 

geochemical nature of the interactive pan-lunette system. Sedimentary analyses on samples 

from the lunettes and pan floors specifically look at texture to detennine clay fraction of the 

lunette, carbonate and organic components, and the clay mineralogy, pH and conductivity to 

consider weathering within the dune. This approach is described in the next chapter. 

Finally, the age of the pan-lunette features and the relative timing of formation and dune­

building is discussed in Chapter Seven. Radiocarbon dates obtained from gastropod shells are 

compared with geomorphologic evidence, ages measured in other studies of the area and the 

relative ages of related events in the southwestern Cape. 
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Chapter 4: Pan-lunettes at a regional scale 

4.2 MAP WORK 

The pans and pan-lunette features of the region were described generally using a number of 

different kinds of maps as well as Geological Society of South Mrica (GSRSA) reports on salt 

in South Africa (Lourens, 1992). 

4.2.1 RECOGNITION AS PAN-LUNETTE FEATURES 

The first step in this work was to establish that the features under consideration are, in fact, 

pan-lunette features. 

As discussed in Chapter Three, some characteristics of pans include flat surfaces devoid of 

vegetation, the occupation of topographic lows, the lack of surface outflows, and ephemeral 

standing surface water caused by evaporation exceeding hydrologic input. The basin floors of 

the southwestern Cape pans are free from vegetation. Maps indicate that the basin floors are 

flat. The water bodies do occur in topographic lows. Many of the shorelines are marked by a 

cliff or sharp break of slope. With the exception of Soetendalsvlei in Agulhas, based on map 

and fieldwork, all of these bodies of water lack organized surficial channels draining the basins 

in a network of outflow; they are essentially, thus, closed basins displaying endorheic drainage. 

The volume of standing surface water is ephemeral. In the two-year duration of this project in 

2001 and 2002, particularly wet years for the southwestern Cape, none of the basins were 

observed at an entirely dry state (see Figure 3.1 for some extremes observed). 

The dune features are less simply defined. Some characteristics of clay dunes were outlined in 

Chapter Three, but lunettes do form in a range of sediment texture and hence develop different 

overall morphology. There are a number of different origins besides the pan-lunette scenario 

that could potentially explain the current morphology: a gentle rise along one side of the pan 

margin, lunate in plan, steeper on the pan-side than the far side, which slopes gently away from 

the pan. What follows are other possible explanations for the current morphology, followed by 

the rationale for discrediting them. For example, the Pretoria saltpan is a crater formed by a 

meteorite impact (Partridge et ai., 1993). This up-thrown origin of the topographic highs at 

pan margins in the southwestern Cape can be discredited on account of the parallel one-sided 

orientation of all the lunettes in each cluster, the lack of impact breccia and similar geology, 

the morphology of each individual feature, and the fine-grained sorted sediments within them 

(described in Chapter Five). Likewise, a sea-level bench from previous high water levels does 

not explain the individual yet parallel morphology of each feature in the cluster. Detailed 

sediment analyses (described in Chapter Five) were necessary to definitively establish a wind-
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Chapter 4: Pan-lunettes at a regional scale 

blown origin for the southwestern Cape 'lunettes', but no other explanation for origin proves 

satisfactory based on regional-scale evidence. 

4.2.2 AERIAL PHOTOGRAPH STEREO PAIRS 

Stereographic analysis of aerial photograph pairs was attempted in order to recognize those 

dunes not delineated at a 5 m contour interval on the orthophotographs. However, because of 

the low-relief landscape of each region this effort proved unsuccessful. Careful, magnified 

inspection of individual photos was more informative, and based on these, a number of dunes 

with a height smaller than 5 m were recognized and included in the maps in Figure 4.1 and 4.3. 

4.2.3 CHARACTERISTICS OF THE FEATURES 

4.2.3a Agulhas 

There are ten principle pans on the Agulhas Plain (nine of the ten are shown in Figure 4.1). 

They range in size from 10 to 1495 hectares and occur at roughly 20 m elevation above mean 

sea level (see Table 4.2). The largest, Soetendalsvlei, cannot currently be considered a pan 

because of the organized outflow drainage there, but previous arid conditions, when surface 

water was less prevalent, may be responsible for the apparent dune. Of these ten pans, 50% 

feature a clam-shaped morphology, a circular shape, flattened along one side and narrowing on 

the opposite side. The other 50% display a more regular oval shape. The features occur on 

shale and sand (Figure 2.6) although much of the Plain surface is occupied by marshy vleis. 

The oval morphology is more common on shale (3/4) while the clam morphology appears on 

the sandier substrates. 

Half of the pans (5110) are accompanied by lunettes, all of which occur on the eastern margin. 

The recognized lunettes are from 3 m to 17 m in elevation above the pan floor. The 5 m 

orthophotographic contour reveals a fragmented morphology to many of the dunes, especially 

those at Soetendalsvlei and Voelvlei (Figure 4.1). Many of these dunes are also characterized 

by an erosional cliff on the pan-side. Other dunes follow exact lunate morphology; Soutpan 

and Renosterpan are examples of these. There is no apparent correlation with underlying 

geology or pan morphology for the occurrence or morphology of a lunette. However, as 

shown in Figure 4.2, there is a good positive correlation between the size of the pan and the 

height of the dune, indicating that the sediments in the dune are derived from the pan basin, not 

just accelerated across the floor surface. 
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Chapter 4: Pan-lunettes at a regional scale 

Roughly 60% (7112) of the pans are accompanied by lunettes which range from 5 m to 10 m in 

elevation. Lunettes in the Swartland cluster occur on the northeastern shore of the pans. Based 

on 5 m contour interval lines from orthophotographs, the lunettes of the Swartland are one of 

two forms: a lunate morphology with narrowing hooked limbs, or a simple rounded rise sitting 

on the north margin of the pan. In the field, all discernable lunettes do have recognizably 

narrow pan-hugging horns. Of the five pans mapped on granite, four have lunettes; a majority 

of the Swartland pan-lunettes (4/5) occur on granite. Otherwise the morphology (including 

size) of the Swartland pans is not a determinate of lunette propagation. Unlike the Agulhas 

cluster, which is composed of much larger pans, the Swartland pans do not show a significant 

correlation between pan area and lunette height (Figure 4.4). 

r=0.038 
r:::0.33 not including no-lunette 
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Figure 4.4: Correlation between pan area and height of dune in the 
Swartland. Points on the x-axis indicate pans without dunes. There is 
essentially no correlation here (r=O). 

Table 4.1: Major characteristics of the pan-lunette features in either cluster. 

Swartland Agulhas 

Number of pans 12 10 

Size of pans 5 to 18 ha 10 to 1495 ha 

Morphology of pans Clam (75%) and round (25%) Clam (50%) and oval (50%) 

Elevation of pans 55 to 105 mamsl 15 to 25 mamsl 

Substrate hosting pans Sand and granite Shale and sand 

% with lunettes 60% 50% 

Size of lunettes 3 to 11 m above pan floor 3 to 16.8 m above pan floor 

Rough orientation of 
Northeast pan margin East pan margin 

lunettes 
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Table 4.2: Swartland pans 

Pan name Chemistry Substrate Size (ha) long axis Short axis Elevation lunette Elevation Shore Morphology 
(Smith, 2000) (m) (m) (mamsl) elevation change 

Burgerspan South brine sand 12 650 490 60-65 tapa low round 

Burgerspan North brine sand 21 670 240 62 73 11 cliff clam 

Droevlei brackish granite 18 700 450 70-75 75-80 5 clam 

Droevlei East granite 3 235 150 70-75 70-75 3 clam 

Droevlei South granite 4 300 180 75-80 84 8 clam 

Koekiespan brine sand 7 280 160 57 cliff clam 

Kiekoesvlei brackish sand 30 800 620 55-60 clam 

Rooipan South brine sand 7 380 260 60-65 70-75 10 tapa low round 

Rooipan North brackish sand 2 330 220 60-65 clam 

Siangkop brackish granite 7 400 225 100-105 111 6 round 

Swartwater South brine granite 10 660 80 71 tapa low clam 

Swartwater North brine sand 5 310 180 70-75 tapa low clam 

Table 4.3: Agulhas pans 

Pan name Substrate Size (ha) long axis Short axis Elevation lunette Elevation Shore Morphology 
(m) (m) (mamsl) elevation change 

Melkbospan sand+shale 42 810 620 29 tapa low clam 

Die panl Vispan sand+shale 51 900 730 5-10 tapa low clam 

Voegelvlei shale 43 1330 340 20-25 24 3 oval 

Voelvlei shale 340 3560 1680 8 17 9 cliff oval 

Renosterkop sand 12 550 470 10-15 15-20 5 clam 

Soutpan sand+shale 167 1650 1360 9 22.8 13.8 cliff clam 

Langepan shale 26 1080 350 15-20 tapa low oval 

Rondepan shale 10 450 320 21 clam 

Soetendalsvlei sand 1495 3800 2570 2 18.8 16.8 oval 
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Chapter 4: Pan-lunettes at a regional scale 

4.3 DYNAMICS OF SEDIMENT TRANSPORT 

4.3.1 DUNE PROPAGATION: APPLICATION FOR CLAY LUNETTES 

The direction of dune propagation is not determined by wind direction and force alone, but 

rather by sand moving effectiveness. Fryberger (1979) established models for sand roses in 

quartz sand seas based on wind vectors and drift potential. Fryberger's work (1979) defines 

wind regimes that are characteristic of certain dune types. His sand roses, introduced in the 

1979 work, have been used by many subsequent arid zone geomorphologists to indicate 

direction of sand movement. The sand rose differs from a wind rose because the arms of the 

rose are vector quantities representing drift potential whilst the wind is blowing in the given 

direction thereby producing a resultant drift potential. Force of wind is not the sole 

determinate of drift potential; calculations of drift potential are complicated by the effects of 

shear velocity, namely grain diameter, surface roughness, vegetation and moisture (as 

expressed by the Lettau equation cited in Fryberger, 1979). 

In dynamic environments like those of the southwestern Cape, where surface roughness and 

vegetation are highly variable through millennia, moisture is seasonally variable, and grain 

size is partially dependant on the flocculating activity of salts in different clays, calculations of 

drift potential are practically unattainable. 'Sand moving potential' must necessarily be 

referred to as 'sediment moving potential' as much of the sediment moved is actually sand­

sized clay pellets. Bearing this in mind, wind data from the South African Weather Service 

weather stations have been used alone as indication of modern direction and force of wind, an 

approximate 'sediment moving potential'. 

The 'Fryberger method' has been applied to calculate sand moving potential from winds by 

discounting those winds below the 5 mls threshold and resolving the remaining wind vectors. 

This approach was not utilized here for two primary reasons. According to more recent work 

by Wiggs (1997), wind with velocities as low as 20 cmls is capable of moving grains. The 

5 mls figure is less of a 'threshold' perhaps than previously considered; using that figure as a 

cut-off point would ignore winds with sediment moving potential. Also, the average wind 

speeds in either region studied here are below 5 mis, in the case of the Swartland site, 

significantly below that limit (Figure 4.5 and 4.6). Excluding those winds would leave few 

remaining gusts, and oversimplify the scenario. An alternative, more appropriate approach to 

resolving the wind data and suggesting sediment moving potential is applied in the following 

section. 

37 

I. 

rose are vector 

In 

size is 

5 mls 

VI-""o"U\"U is not rlp·tpr1'n.nprl 

geclmolrptllolclglsts to 

IJV •. vWLUU are ""'tn,-,II" 

delJenldaJot on 

aJOd su~~ge:stinlg ""YUllo;;;, 

o.-Ull,-,u"n.v •• " of 

an 

wind vectors. 

to more recent 

as a 

is " ....... 11" • .-1 

37 



Univ
ers

ity
 of

  C
ap

e T
ow

n

Chapter 4: Pan-lunettes at a regional scale 

The surface-wind data are not without inaccuracies. There is a significant problem of observer 

bias; the observer is much more likely to take note of extreme weather conditions than more 

subtle average ones. Major variations also occur in the actual method in which the data are 

gathered, for example the height at which a wind meter is mounted (it should be a standardized 

10 m) and surrounding topography will vary. A third common inaccuracy comes with the data 

summary where data is condensed from 36 to 16 directions and the resolution of statistics is 

thereby coarsened (Fryberger, 1979). 

4.3.2 METHODS FOR DETERMINING LUNETTE ORIENTATION 

Despite the problems inherent (irregular grain diameter, surface roughness, vegetation and 

moisture) in applying Fryberger's (1979) method to environments like those in the 

southwestern Cape, it is useful to note that he associated transverse ridge dunes (barchanoid 

dune types) with wind regimes characterized as narrow unimodal, wide unimodal, or acute 

bimodal with one mode much stronger than the other. Barchanoid dunes occur in areas with a 

variety of wind energies or drift potential. Of all dune types Fryberger (1979) studied 

(barchanoid, linear, star), the barchanoid dunes are associated with the least variability in wind 

direction over a large range of drift potentials. 

The formation of a pan-margin transverse dune is a different process from the formation of a 

transverse dune in a uniform quartz sand sea. To begin with, there is a limited position and 

extent possible for a structure that derives its sediment from the pan floor and margin. Despite 

the limitations, however, a lunette still requires a minimal amount of wind and a well-directed 

sustained force in order to develop its indicative arcuate morphology. Based on this argument, 

this work proceeds with Fryberger's (1979) conclusion that unimodal and imbalanced acute 

bimodal wind regimes in a range of strengths are the most ideal winds for lunette propagation 

and the generally supported conclusion that clay lunettes develop when some pan floor is 

exposed during the drier times of the year. 

Because of the seasonally unimodal (annually averaged bimodal) winds and seasonally 

arid/humid climate of the southwestern Cape (see Figures 2.5, 2.7, 2.8, 2.10), this work will 

heretofore take the assumption that during the dry period (the period of greatest sediment 

moving effectiveness, currently the southwestern Cape summer specifically from December 

through February), the wind regime is actually unimodal (Figures 4.5 and 4.6). 
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Chapter 4: Pan-lunettes at a regional scale 

Figure 4.5: Unimodal Malmesbury wind regime during the three driest months of December, January 
and February. (See Figure 2.4). The average wind speed during this time is 3.20 m1s with calms for 
19.05% of the time. The annual average wind speed is 2.64 m1s with calms for 21.33% of the time (all 
data from SA Weather Service from 1986 to 1988). 

Figure 4.6: Unimodal Struisbaai wind regime during the three driest months of December, January and 
February progressing from imbalanced acute bimodal to unimodal. (See Figure 2.5). The average wind 
speed during this time is 4.78 m1s with calms for only 1.49%. Annually, the average wind speed is 4.57 
m1s with calms for 2.29% of the time (all data from SA Weather Service from 1988 to 1998). 

There have been a number of means of identifying the orientation of lunettes and hence wind 

direction. Bowler (1983) stated: "The axis of symmetry which also intersects the lunette at its 

highest point reflects the direction of the controlling wind regime". His statement here 

reinforces the above assumption that a unimodal wind is responsible for lunette growth. 

However, in the case of sand lunette orientation, Bowler (1983) comments that the 

development and orientation of sandy beaches determined by a complicated interaction 

between wind, waves, and sediment transport in the lake is also important. Lancaster (1978) 

measured the alignment of dunes by the "perpendicular bisector of a line joining the upwind 

anus of the dunes" and then assumed wind direction from that azimuth. For the purpose of 

this work, Lancaster's (1978) perpendicular bisector approach was employed as, in virtually 

all cases, no highest dune point is easily recognizable. 

Figure 4.7: Lunette 
orientations in Agulhas 
against predominant dry­
season winds. The month's 
wind has been divided into 16 
even divisions on the 360 
degree plot. The arrow 
indicates the direction of the 
resultant drift potential, and the 
expected lunette orientations. 
Each dot on the outer ring 
represents the orientation of a 
lunette in the Agulhas cluster. 
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Chapter 4: Pan-lunettes at a regional scale 

Figure 4.8: Lunette 
orientations in Swartland 
against predominant dry­
season winds. The month's 
wind has been divided into 
16 even divisions on the 360 
degree plot. The arrow 
indicates direction of the 
resultant drift potential, and 
the expected lunette 
orientations. Each dot on 
the outer ring represents the 
orientation of a lunette in the 
Swartland cluster. 

In both cases, the January wind regime, the middle month of the three driest months, was used 

as a basis to determine the unimodal wind responsible for sediment movement. Although 

January is not likely to be the absolute driest time of year on the pan floor, it was selected as a 

middle-ground representative of the dry summer season to avoid the variable wind and rain 

extremes of the season. For example: although April was a dry month in 2002, it was drier in 

the Swartland than in Agulhas, and downright wet in other years. January was chosen as a 

mid-summer point, which in terms of rainfall, at least, is a standard annual low throughout the 

southwestern Cape (Figure 2.4). 

The component wind vectors representing more than 5% of the average January winds were 

resolved to give one vector of effective wind and hence resultant drift potential. This 

calculation yields a resultant drift direction of 331 degrees in Agulhas and 044 degrees in the 

Swartland. The orientation of the Swartland dunes is on average 11% (40°) off the resolved 

modem January wind (Table 4.4). The orientation of the Agulhas dunes is on average 33% 

(119°) off the resolved modem January wind direction (Table 4.5). Although the modem wind 

resultant is more similar to the modem lunette orientation in the Swartland cluster, neither of 

the resultant drift directions in Agulhas or the Swartland, as calculated, would yield the 

lunettes. 

The resultant drift potential may change if the wind vector is recalculated using only those 

winds capable of moving sediment (not such an easy task for complications discussed in 

4.3.1). In terms of grain moving potential, particles between 0.04 and 0.40 mm (sand-sized) 

are most susceptible to entrainment or movement by wind, with velocities as low as 20 cmls 

threshold shear velocity (Wiggs, 1997). Smaller, clay and silt sized particles actually require 

higher velocities to counteract their forces of cohesion, tendency to retain moisture, protection 
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Chapter 4: Pan-lunettes at a regional scale 

A more thorough comparison of modem wind orientation and lunette orientation to detennine 

the wind regime during dune fonnation would include the analysis shown in Table 4.4 and 4.5 

for each month of the year. Despite producing numerical values, this approach would not 

necessarily sustain a more critical analysis of changing wind regime. The resolved wind 

directions above are already a rather gross representation of the actual wind regime. The 

statistical exercise could be perfonned, but a precise reconstruction of ancient wind regimes is 

neither in the scope of this research nor substantially more infonnative than the above analysis 

and the discrimination of the human eye with the unaltered wind roses. Finally, the 

orientation of lunette dunes, unlike other transverse dunes, is ultimately detennined by the 

orientation of the pan from which it springs in concert with wind directions. Wind 

reconstructions do not encapsulate all motivations for lunette orientations. 

4.4 DOUBLE LUNETTES 

In Section 3.2, the occurrence of double lunettes with different textures was discussed as a 

proxy for two environmentally distinct periods of dune building. Three potential examples of 

this double-lunette morphology have been identified in the two study sites. Although the 

dunes have not been sampled thoroughly for textural comparison of the pairs, the general 

morphology, both from aerial photographs and field surveying, indicates two sets of dune 

ridges. 

At Slangkop, the most southerly pan of the Swartland cluster, a small bare crest is clearly 

evident within the larger vegetated lunette (Figures 4.10 and 4.13). This ridge is not large 

enough to appear on the 5 m contour intervals of orthophotographs. Slangkop is unique 

among these pans in the way it is eroding into the cliff of the southern Darling hills which are 

underlain and outcropped with granite (Figure 4.11). Salt was harvested at Slangkop in the 

1960s, so there is some doubt as to whether the inner ridge is a result of human manipulation 

in order to deepen the basin for the salt works (Figure 4.11). The volume of sediment moved, 

however, would represent major earthworks, and the general eroded morphology of the ridge 

is similar to that of lunettes in the eastern Cape (Holmes, personal communications). In the 

hope of elucidating the fonnational history of this feature, the site was surveyed and the inner 

"dune" sampled (Figure 4.9) and analysed by wet sieving for texture (Figure 4.12). The outer 

dune was surveyed (Figure 4.13) but not sampled on account of the impenetrable nature of the 

densely packed clay sediment. 
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ChapllT 4' ?uno/undieS at a regiona/scaR 

A basic textural analysis discriminating only between COil['" and fine, using 63 microns as 

the division, r~veal" n generally Courser IcxtlITC at the Slangkop inner "dune" than that of 

other lunettes. Although the limited number of "'mples taken from each pit necessarily 

limits interpretations of trends, lh~'TC is a gt.'11cral relationship of equivalent to coarsening 

lexture at depth, the oppo:o;ite trend to the rming seen at depth in the other lunettes. 

Howev~'T, this analysis and sampling strategy is not cxlt.'11sivc coough 10 be significant. 

2.5 , , , ' 
1.5 -

, ' 
05 0' SE , 

-o,5.P 

SD , I " 
" 

Figure 4.9: Sampling at the lflfler luneue at Slaoglop. Unib in met,,, 
Two times Hnk.l exaggeration. (0,0) reprt.enlS 1M w.I.,.line. (26 April 2(02). 

Figure 4.1 0: Sllrr4'liog at 
Slaogkop. Vi,w tow.rd, 
tho we,1. Note low waItt 
lev,l and clifT at left .ide 
of photo (SMG. 26 April 
2(02). 

figure 4.11: Aeri.t 
photograph ofSlangkop. NOie 
solt works. Approximately 
L 14,400 scak, (Directorate of 
Surveys and Mapping. 1960), 

Chap4T {. Pun-tum/Ie: M a regional KIIW 

A basic textural analysis dismmmsung only betw""ll com.., and fine. using 63 microns as 

the division, r~veal" n generally Courser tc;\.\urc al the Slangkop inner "dune" than that of 

other lunelles. Although the limited numbe.- of samples taken from each pll nec~ssarily 

limits interpretations of trends. tht.'TC is a gt.'11cral relationship of equivalent to coarsening 

texture at depth, the oppo:o;ite trend to the rming ",en at depth in the other lunelle •. 

Howewr. this analysis and sampling Slrategy is not c>.lt.'11sivc coough to be significant. 

2.5 , , , ~ 
1.~ - I" , ~ 
05 - SE 

1 " , SD 
-'>.5 _0 , 

" " 
Figure 4.9: Sampling at the lllflet lunette at Slaoglop. Unib in met,,, 
Two tim:, Hrtk.l exaggeralion. (0.0) reprr;enlS Ih' wal"I;"". (26 April 2(02) . 

-

• ·Igure 4.1 0: Sllrr4'liog at 
Slaogkop. Vi,,,, toward. 
the we,1. Note low "",I" 
1",1 and eliffatlen.ide 
of photo (SMG. 26 April 
2002). 

Figure 4.t1: Aeri.1 
pl!otcwaph of Slangkop. NOie 
solt works. Approximately 
];14,400 sc.lo. (Directorate of 
SurveY' ond "'opping. J 960). 
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ChI/mer 4- Paa-Iunerlu al a rHWt"'[ Kale 

~.OO 40,00 00.00 8c .<Y 100.00 

0.' 

" 
} SA 

0.' 
O~ 

} SG 

0.' 

"0 
} ~oc 

0.' } SD 
0.' , 

"' , J oII<>rel 1 - = 

Figu", 4. 12: Texture of inner "!ut>eu£" sediment'. The co",selfine fraction 
divide i< ~3 micro", ( .. 'elsie,,,d), both the clay and silt of the more 
detailed anaIY>e&_ 

Figu re ~. 13: prom, of S]angkc.p. NCtle 10 time. verTic,i e.alllle'aI;on (0 I September 2(02). 

BurgeT'pan. a loamy ,and-ba;ed pan further to lh~ north in (he Swarlland duster, is activ~ly 

min~d for ~ah (<>day (Figure 4.14). The pan i, surrouOOed by a 5 m cliff that f"llow, a ,mall 

infl(}w ,(ream to the pan from the nOt1hWe'l (Figure -I. 15). There are two set, "f ridge" 10m 

above the pan floor with a 5 m drop between them. There i8 a road currently running between 

lhe (wo ridges. but there is lJ{) evid~nce to indicate the preM:nc~ of the road is (he cam~ of the 

valley Nl,,:e..n the ridg~s. No sediment <;arnpling wa, performed at Burge,."pan because of the 

scale of the feature. the considerable ~xt~nt of modification by ~a]t worh and agricuhur~. and 

the limitations of time. 

1"'-1 C % Ina 0.00 ~.OO 40,00 00.00 8c.CC 100.00 

, 
, 
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i • , 
• • 
i 

0.' 
0; } SA 

" , 
O~ 

} :'in 

" , 
0.' 

} ~oc 

0.' } 5D 
0.' - "' 

FiIlU", 4.12: Tt~IU'" of inner "!uflCue" ",dimc"!,. The eoof.dfine fraction 
divide is ~J mLe'''"' (wet.in,d), OOI~ 1M day and ";It oflhe m.w 
detailed analy",s. 

Figure 4. 13: prom, of Siangk"l'. NC>le 10 times veme,l e.allllcrauon (0 I Septemt>er 2(02). 

BurgcT'pan. ~ loamy ,and-ba;ed pa n fUnOOT to the north in (he Swarlland du,(er, i, acti"~ly 

mjn~d for ~aJl (oday (Figure 4.141- Too pan i, surrounded by a 5 m cl iff (hm ["llow, a ,mall 

infl"w 'tre~m to the pan from the nOt1hW~'l (Fi/!,Ure -I. 15). There are two set, ,,[ rids"', 10m 

above the pan floor with a 5 m drop ootwe<:n (hem. There is a road currently running bet""en 

11le IWO ridges, but there is lJ{) evid~nce to indicate the pre!.enc~ of the road is (he cam~ of the 

,-alley ootwetm the ridg~s. No sedilllCnt o;ampling wa, perfrnmed a1 Burll""'pan lrcau8e of the 

scale of the feature. the con,idcrnble ~"l~nl of modification by ,alt worh and agriculture. and 

lire linti lations of lime. 
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Chapler 4: Pan_lun{/Ie' at a regional scale 

Figure 4.14: BurgerspOJl North 1ooI<ing north tov."anis 
the flTSt lunette to the north. Note crystalliz.d •• It along 
the shore (SMG. 26 April 2(02). 

Hgur. 4.15: Orthopbotograph ofBurg. rspan. Approximately 
1: 10,000 ",al. (Dire~tt>Tate of Survey, ond Mopping. 1981). 

Voelvlei is the only pan in (he Agulhas duster with clear evidence of a double lunettc. 

Vllelvlei is .urrounded by a 5 m topographic dilT. In the field it can be se~"tl thaI (he western 

margins of this cliff consist of a rnor~ gmtle, vegetated slope by eomparioon with the eastern 

shores where the oliff i. a sheer v~rtical fac~. Walking from the top of this cliff further 

eastward. the land surf= dips mto fl hollow before climbing the st""p face of the primary 

dune. This hollow is more prominent clo""," to the hom. of the lunette In the 

orthophotogmphs it appears as two separate fmgers along the I~ m contour line that delineates 

Cnapler 4: Pqn_lunf/le, at!l regional sea/.: 

l'i2ure 4.14; Burge"p"" North Joo<;ing north towards 
the flTSt lunette to the IIOrth. Note cryst.llized •• It along 
the.oore (Sl>IG. 26 April 2002). 

~lgure 4.15; Orthophotograph of Burgers p.o. AppTOximatdy 
I; 10.000 scale ([)irecttnate of Survey. and Moppmg. 1981). 

Voelvlei is the only pan in the Agulhas dlJ.'>ter "ith clear evidence of a double lunettc. 

Voelvlel is surrounded by a 5 m topographic difT. In the lkld it can be se~"t1 that the western 

margins of this olifT consist of a mor~ gmt!c. vegctated slope by eomparioon with the eastern 

shores where the oliN" is a sheer ,·ertic.! face. Walking from tM top of this cliff further 

eastward. the land surf= dips mto fl hollow before climbing the Sleep face of the primary 

dune. Thi~ hollow is more promment closer to the horns of the lunette In the 

orthophotogmphs il appears as two separate rutgers along the l~ m contour line that dehneates 
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Chamer 4: Pan-Iunerles at a regiQllalKalf 

the main luo..tte (Figure 4.17). As can be seen in Figure 4.16 there is yet another rise behind 

the ridge of the primary dune. Th..,.,> is no evidence that Voelvlei was ,'Ver mined for salt, noc 

does it currently have a particularly salty nature, as the water levels are kept high by an inflow 

channel through a vlei at ~ northernmost pm of the pan. Voelvlei is developed in shale . 

The sediments of the top two laY"l'S of the cliff are chenrically and texturnlly .imilar to the 

..,di"",nt, in the top two layers of the nest gully (see Chapt'>f Five). The ,~milarities in the 

texture of ~ top 0.50 m at the shoreline clift" and at the ere.t would indicate they are part of 

the """'" dlllle 

w _ 

;::::l / ........,. 
, 

j 

0 
0 ~ '" ,~ '00 ,~ = 

l'iKUCO 4.16: E •• ! to We,t tnm'ect A toA' ofthc Vodvlci 
luuene. Unit, OTe in """-'leTs. Note 20 time. ",,-tical exaggeration 

Figure4.11: n,., 15 m 
contOIlT of the lunctte .t 
Vodvld (5 m contour 
inletvalj. TIle trnn.ect wa, 
done above tho nonh edge of 
the road jully. Approximately 
1:46000 .eale. 

At this point.. without detailed ,edimentology ofthese features, it i. impo.sible to say whether 

rn., g'>Jleral morphology is the product of a ..,t of lunettes Although the topography does 

indicate two dune, at these Utrcc sites. the paucity of sites and infonnation about tho.e ,ites 

doe. uot provide the e,idence neccssary 10 tal«: these observations further. Although IlIO<1' 

comprehemive analy..,s were condm·ted on lhe sediment at Voclvci, the analyses focuscd on 

the main luo..tte (Figure 4.17). As can be seen in Figure 4.16 there is yet another rise behind 

the ridge of the primary dune. Th..,.,· is no ..vidence that Vodvlei was..v<'T mined for salt. nor 

does it currently have a panicularly salty nature. as the wat""levds are kept high by an inflow 

channel through a vlei at ~ northernmost part of the pan. V""lvlei is developed in shale. 

The sed,ments of the top two laY"l'S of the cliff are chenrically and texturnlly similar to the 

",di"",nt. in the top two layeru of lhe nest gully (see Chapl'>/' Five). Th,' ,~milarities in 1m, 

texture of the lop 0.50 m al lhe shoreline cliiI' and at the crest would Indicate they all' part of 

the "'''''' dlllle 

10 _ - - ::::::-1 
/ ........,. 

, 
, j 

o 0-. 
0 ~ '" ,~ '00 ,~ = 

liiRUCO 4.16: E •• t to We,t tnm<etl A to A' of tile Vodvlci 
lunene. Umts.,-e in meiers. Note 20 time. ",,-tical ""'ggcTation 

liiKur~4.17: 1lle \5 m 
C""'OUT of the lunetko at 
Vodvld (5 m contour 
illle",alj. n.. trnn.eot was 
done above fur nonh edge of 
the road llully. Approximately 
1:46000 scale. 

At this point.. wilhout detailed ,edimentoiogy ofthese features, it is impossible to say whetm,r 

the general morphology is the product of a "'t of lunettes Allhough the topography does 

indicate Iwo dlllle< al these three sites. the paucity of sites and infonnation about those .,tes 

doe. not provilk 1m, ",ideme necessary to take these observatlOl1s further. Although more 

comprehemive analy",s were wnduc·ted on tm, sediment at Voclvci, Ihe analyses focused on 
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ChaNa4: Pan-lunettes al a rr~imwillale 

one profile <II the """t of the June. along the (rnnse<:t line. with only (wo sample, tak~n from 

the ,hore·line cliff. Detailed sediment an~lyses ~nd major e,c~vatio ns. beyond!he !.Cale of lhe 

curren! re=h. are ncce"",-y. 

In !he neM chapter. Voelvlei and Droevlei &,t. where extensive sedimen!ology was 

perfonned. will be discussed in detail. (he work (here comprising (he local-scale as~ct of this 

research. 

ChaNa 4: {'(in-luI/mrs at a re~iorwl "ule 

one profile", the crtl>! of th~ Ju"", along the (rnnsec! line, with only (w(} sample, tahn from 

!h~ ,hore-line cliff, Detailed sed imen( an~lyses ""d major e,c~vations, heyond the ~ale of lhe 

current re=h, are ncces=y, 

In the ne~t chapter, Voelvlei and Droevlei Ea,t, where extensive sedirrw.ntology wa:, 

perfonned, will be discussed in detail. (he work (here comprising (he local-scale as~ct ofthi. 

re",arch, 
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Chapter 5: Pan-lunettes at a Local Scale 

5.1 IVl'lZODlJCTION 

Because of the limited extent of this work. a number of Ill~ior assumptions were oecessary to 

proceed with a local-scaled invcstigation. Although multiple pan-Iuneuc features at each site 

were oc..er,·ed and sampled briefly between Scptemher 2001 and October 2002. one feature at 

each site was sampled aIld unalysed intensi\'ely. With this ,ample limitation in mind, one 

feature i, taken a, roughly representative of the clus(er at each ,ite. The features selected at 

Droovlei East in the Swartland cluster and Voolvl~i in th~ AgulhlL' c1ust~r were cho,en for 

their clear pan-lunette morphology. acc~"ible ,ize and centml location in the respective 

du,ter, For purposes of interpretation. thi, decision assumes that all the pan-lunette fcature, 

in each clust~r evolved synchronou>ly under similar conditions. Of course, based on the 

morphological differeoees and the age determination, discu"ed in the following chapter. 

conclusions may determine O1herwi"", 

5.2 SAMPLING 

5.2.1 [)ROEVL.EI EAST 

The lunelle at Droel'lei East in the Swartlaoo cluster was sampled using a backh"". Two pit~ 

were e~cavated (Figures 5.1 and 5.6), One pit (OY). 2.5 m in depth. was excavated through 

the vegetated from face of the dune, The =ond hole (OL) was peoetrated through !he 

ploughed. alheit unvegetawd. crest of!he dune to a depth of 1.5 Ill. There was evidence of 

remnt calcrete and ferricrete addi!ion for agricultural purposes in the field at the crest of!he 

dune. aIld shal low furrows were present. BO!h sections lacked a clear Mratigraphy through the 

homogen()l.ll; clay layers (Figures 5.3 ~nd 5.6). Only the basal sample in the ere,! pit (DL) 

exhibited distinctions, being boIh sandier and yellower than overlying ",diment. Soil 8amples 

were taken every 0.15 m to 0.30 m. Agricultural practice, have significantly disturbed 

slraligraphy to at least 0.5 m depth. and inferences from samples !aken at less than 0,5 m d~pth 

are avoided. where pos.ibte. 

Chapter 5: Pan-lunettes at II [oeal Scale 

5.1 IVl'lZODlJCTION 

Bocame of the limited extent of this work. a number of Ill~ior assumptions were l)C,essary to 

proceed with a local-scaled invcstigation. Although multiple pan·lune((c features at each .he 

were ,*,,~r"ed and s.ampl~d briefly between Seplember 200! and October 2002. one feature at 

each site was sampled and analysed inteosi\'cly. With this sample limitation in mind. ooe 

feature is taken a, toughly representa1ive of the clu,!er at each 'ite. 1lIe features :;eleCled at 

Droevlei East in the Swartland dUSler and Voeh'l~i In the AgulhlL' c1US1er were ehosen for 

theIr dear pan-lunette morphology. lICe~"ible ,ize 3I1d cen!ml location in the respectiye 

dU;Ia'. For purposes of inlerpretation. lhi, decision assumes that all t'" pan-lunene fearure, 

in each c1ust~r evolved synchronou>ly under similar conditions. Of course, based on the 

morpJmJogical differene~s and the age deterrninatior" discu"ed in 1he following chapter. 

conclusion, may de1~rmine O1rerw;;e. 

5.2 SAMPLING 

5.2.1 [)ROEVL.EI EAST 

1lIe lunette at Droel'lei East in the Swart land cluster was sampled using a backh"", Two pitS 

"ere e~cavated (Figure, 5.1 and 5.6). One pi! (DV). 2.~ m in depth. was excavated through 

the vegetated from face of lbe dUM. 1lIe =ond hole rDL) was penetrated through the 

ploughed. albeit uMegetated. crest of the <IttM 10 a depth of I,';; Ill. There was evidence of 

recent cakrete and ferricre1e addition for agricultural purposes in the field at the Crosl of lhe 

June. a/ld shal low furrow s were pre:;en(. BOlh sccti<:ms lacked a clear stratigraphy through the 

homogenow; clay layers (Figures 5.3 ~nd 5.6). Only the basal sample in 1he ere;t pit (OL) 

cxhibited disti nclions. being bo! h sandier ~nd yellowff lhan ovalying scdimen1. Soil sampb 

were taken cvery O.l~ m to 030 m. Agricul!ural pracric~, haye significantly disturbed 

Slratigraphy 10 at least 0.5 m depTh. and inferences from samples laken at less than 0.5 m depth 

are avoide<l. "here pos.ible. 
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Ji\:u re 5.1: I'l"Ofiit ufDwev\ei Ea,t lUlle tte mcluding 
,a~je pi" (in gr<")"). L.;uit, ",e in llX'{el"'. "\;/(){e 10 ti m" 
vertical ex,£geT,{ion. The graphed zero;" {lie pall 11001. 
70m elev.lion above meal] ,~a jevel. 
:\Ieosurcd4 Jnm 2(~12 

Chapler 5, Pan-Iunelle:; 01" Local Seal" 

~. 

~'il:ur~ ~. Z: .\c"T",1 photo~'Taph of [)TOCVicJ 
Ea,t with, general outline of the lunelie 
.n<! the tr.nsec{ graphed in Fig"re 'i_I 
(Directomte of Survey, .nd M .pping, 
j%()) 
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1 rn, double-pit oampling strategy (l igurc 5.1 and 5.2), nece,saT)' in ocder to gain depth in 1M 

dune while at the ""me time reveahllg too structure, eaus~s ,ome complications. n.e ""mpling 

strategy provides infonnation both vertically and laterally across the dune. By sampling in 

this way. it should be possible to determine if """imentation ha, occurred in a seri~s of 

laminar parallel beds or with beddiilg that eonfonns uniformly to the to]Xlgmphy of the dune 

Conn in successive stages of clay dme growth (Bowler. 1983). U'1Ilg the relationship of the 

two pit" the ,urvey~d profile of tht- dune and sample sites, the ""diment data which follows i, 

graphed continl>OUsly, starting firS! with the shoreline _,ample and then from the ere"t of the 

dune (OLl, <kpth=O m) extending oownto the bottom of the klwer pit (DVIO, real depth in 

the holc-2,5 mI. This approach is purely a practical way to simplify graphical rupre,entation 

of characteristic. within each dune (one dune, one graph): it is not intended to indicate that the 

layers arc cumulatlve. In all ea.~" the sample" are labdkd by depth and pit in order to 

maintain distinctions between the t=ils. 

..., -,._, 

Hgure .5.~: !lack,hoe 
excavating lunette face, 
l'urrowed r .. ld, III foreground, 
View facing ~"'tw~d. 
(&,\10, 4 Juno: 20(2). 

Figure ~..5: Back-OOc 
c>;ca,'ating lunette cre,t Photo 
fa,log 'OIllh. oeros, !he p.n 10 
lhe H,Mon forrnbou.e (SMG, 4 
June 20(2) . 

Figu'" 5.6, Sa~lcd pit (DV) 
in fronl face of dune. Heap of 
.",1 from '4'P"1 pit (UL) on 
horizon, V;'w lc>o~iog north 
from the ~ shoreline 
(SMG. 4 Jm.. 20(2), 

Ciulpler 5: p~n ·lunj'/le5 ~I R Loco! Sg!le 

1m. double·pit oampling strakgy (Figure 5.1 and 5 .2), nee~,sa:ry in order to gain depth in m., 

dune while at the ""me time revea.hllg I"" structure. caus~s "ome complications. n.e ""mpling 

strategy provides infonnation. both vertically and laterally across the dunc. By "ampling in 

1his way. it slmuld be possible to determin~ if .ooimcntation has occurred in a seri", of 

Imrunar parallel bcds or with bedding that eonfonns uniformly to the tOJXlgmphy of the dune 

[onn in successive stages of clay o:l!ne growth (Bowler. 1983). Us"'g the relationshlp oftbe 

two pim, the "tITVe)'~d profik oftht- dun~ and sample ,itc .. the sediment data which follow" i, 

graphed continl>OUsly. starting firS! with 1he shoreline 'ample and then from the cre't of the 

dune (OLl. oopth=O m) extending down to the bottom of the klwcr pIt (DVIO, real depth in 

the holc--2.5 m). Tbis awroach is purely a practical way to simplify graphical rupre"entation 

of characterIstic. within each dunc(one dune. one graph): 1t is not intended to indicate thaI tile 

layers arc cumulatwe. tn all ca.~" the sample, are Jabdkd by depth and pit in order to 

maintain distinctions between the t=ils. 

nlure .5.~: !lack·hoe 
=avating lU!1e1.te face. 
l'urrowoo r",ld. In foreground. 
View facing ~ •• t~d. 
(&,\10, 4 Juno: 2(02). 

Figure ~.5: Bac~-1lOC 
c>;ca,·ating lunette crc,l Photo 
fac,ng soulh, oel"O,,, the pan 10 
lhe n ... "" farmhouse (SMG, 4 
June 20(2). 

Figu'" 5.6, Sampled pit (DY) 
in £ronl fac~ of dune. Heap of 
.OJI from '4'P"r pit (UL) on 
horizon. V;'w l<>o~in& north 
from tk ~ ,barnli"" 
(SMG. 4 June 2(02). 
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C/"'ptcr 5: Patl-i1mettes at a I,oeal Scale 

.5.2.2 VOEl VEl 

The luneHe at Voelvlei was sampled from the face of a road cuning thal run, transversely 

across the dune (Figure, 5.7 - 5.10). The cuning was cleaned with a shovel and e~ten<led to a 

depth of 1.9 m below the height of the cre,t (VLI-VU). Funher excavation hy hand wa, 

imp,,,,ible due to too hardne" of the clay. Additionally. a number of sampi<Js were taken 

from a cliff at the edge of the pan (VS1. VS2); sample, were taken roughly every 0.30 m. A 

more distinct 'tratigraphy i, evident at Voelvlci. A red-brown layer exteD<ls from 0.50 m to 

0.90 m with well-defined contacts between overlying and underlying layer,. The clays here 

form columnar and angular ped, throughout. A number of shell-rich layer, exi,t, most 

ohviooslyat 1,45 m and 1.88 m. 

10 "----~----~---------------

5 

o vs J 
o 50 100 150 200 250 300 

Figure 5.7: Profil~ (Jf V(J~IYlei 1"",,11< including "'mphng (in grey). Units in meter. NC>lc 10 lime, 
,"rtkal naggc.,-atioo. II", grap/l<d «-T(J i, lbe pan noo<, 2() m ahoy" meaTI sea leveL I>le",ured 12 
Cktober 2002. 

C/"'pll'l' 5: Patl-i1mel/t'fi at a J !l('1l[ Scale 

.5.2.2 VOELVEI 

The luneHe at Voelvlei was sampled from the face of a road cuning Ihal run, transversely 

OCr"" the dune (figu"" 5.7 - 5.10). The cutting was cleaned with a shovel and extended 10 a 

d~p!h of 1.9 m below lhe height of th" <:re,1 (VLl-VL7). Funh~r excavation hy hand wa, 

imp,mible due to Ihe hardne" of the clay. Addilionally. a number of ,ampks were taken 

from a cliff al the edge of the pan (VS1. VS2); sampl", were laken TOll!;hly eve .. y 0.30 m. A 

more dislinCt 'tratigraphy i, evident at Voelvlci. A red-brown layer extends from 0.50 m to 

0.90 m with wdl--defined conlact' between overlyin!; and underlying layer,. The clays here 

form columnar and angular ped, throllghout. A number of shell·rich layer> "xi,t, most 

oll\'iooslyal 1.45 m anti 1.88 m. 

10 c,----~--------------------

5 

o \S J 
o so 100 ,so 200 250 300 

Figure 5.7: PT()fiI~ (Jf V(J~'Ylei lu[I<11< ind<>.ling "'mphng (in !Tey). Unit, ill meter. N(>[~ 10 lim<' 
>e,lka' naggc.,-ntioo. n><: grap/l<d ,em is the pan n,>o<, 2\) m ~hoYC meon sea level. Me",L1red 12 
O:;tober 2002. 
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¥j~urc 5.S: Orthophotog"ph or V oci .. ld with" 
gcocmi uuLlil'" uf {he lUll<ttc a,,<1 {he tTan""", 
graphed infigur< 5.7 

Chapter S: Pan-lunettes "I a LOf"i S<'"i(' 

Figure ~.9: Ph(J{ul!'aph uf {he .oo{h side 
ortn., gully ,ampkd at VueMd (prufile VL). 
(SMG. 5 Oo{nocr 2(~) I). H~urc ~.S, Orthophotogroph or V Dei .. ld with" 

gcocTO i (}ULlin." uf the lUll<nc aIXl the tTansccl 
graphod infigur< 5.7 

Chapter S: Pun-/unfltcs"1 a LOf"! ;;"'"11' 

Figure 5.9: PhuluW"ph uf the .""th Side 
ortll< gully ,ampkd at VueMd (prufile VL). 
(SMG. 5 Octnocr 2(~) I). 

--.- ­"'_.," 

VSt 0.>0." 

vs 2 0 . ..0 '" ",." .. oct ....... 

L __ -.l ~-

"Igure 5.10: )'l<o",red. k>ggCil pTOiilc< ot 
,ikS VL .1Id VS in Vodv1ci lunette. 
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Chaptq 5: PIlt,-lu""ltes a/ a Local Scale 

5.3 SEDIMENTOLOGY 

The sediments e[)ll1pri,ing the luO)Ctte< are typical neither of sand dun~' DOC of ,oil profile" 

thllUgh lmits of both are relevanl I<J interpretation<. 11>c ",diment< in th.: lun~!te, are the 

product of at le~st thr~~ pl1~ses of weathering transportation; the ero,i()n of ,ediment front 

parent rock.. lhe aoolian transport aero." the pall floor, and the deposition and :;ubse4'lent ;n 

s;/" ~lteration ill the dun~. A study of (he sedimenl attempls lo ,erify and nnmvel the detail:; 

ofthi< process. 

There arc many factor., at play in detennining the curr~nt ch~mckriS(ks ()f the lunette 

s~diment.' A ""di"",nt is defined as (runsport~d material. ';.. hile a ,oil form< in place, although 

a gradalion bet';.. een lhe lwo i, possible (Retallack el al., t9!l4). Th~ luu~((~ sediment, 

repre,ent tran'ported material Ihat ha, ,ince und~rgone a degre~ of wil formalion; the term 

sediment wi(h be u:;....:l primarily in this discussion. S()il is a three-dimensional ·'materlal at the 

,uIface ()f a planet or ,imilar body, aller",j in place by phy.,ical, chemical or hiological 

agencies, or by a combinatioo of them" (RetaTlack et a/., 1984. 1'.7). Jenny (1941) defi""d the 

factors of soil formation as clim.'lk, organisms/,egelation, parent material. topography. ~nd 

lime. By scrutinizing a number of different qualit"" of the IUllCtte .,edilllent, l:>oth phy:;kal 

and chemical, the influentiul factors of .",d l"",nt und soil formation m.1y be i,olaloo. 

Proces:;es of soil fOlTlla(ion are dcpend~nt upou pro~imity to (he almo,ph~re, The known 

pr<JCess~, for soils that d,,,c1op in unconsolidated sedilllents (Birkeland, I 984), proce"es thm 

too procooure, enumeraloo in brad.els attempt to uncowr, include: 

chemical \wathering (.ueh as dccalcificution) 
[pH, caroon~tes. XRD] 

• downward leaching of soluble Illi neral., Including weathering producl, 
[pH. conductivity. carhonaks, XRD] 

• precipitation of soluhle ,aUs in near-surface horizons kcause of evaporation 
[conductivity. pH] 

• incorporation of decomposiug organi~ matter 
[organic.,] 

• disturbance of roils (by biological or physic~l proc~sses) 
[field d",cripli()us] 

• oownward mowment (du,ia(ion) of day and redepo'ition (illmiation) 
[particle-<ize, XRD] 

• ,eduction of brown. yellow or ferric iron mineral., to more wluble grey 
ferrou, compounds in waterlogged conditions 

[coklur] 

Chaptrr 5: P""-I",,dtes ot a Local Swk 

5.3 SEDIMENTOLOGY 

The sediments comprising the 11lO)Ctte< are typical neither of sand dun~' IlOl'" of ,oil pmfil~,. 

th<JUgh lmit, of both are relevanl to im~rpretalion'. The ""dinICm, in th.: lun~tte, are the 

product of at le~st thr~e pI1~s.es of weathering transportlllion; the ero,iun of sediment from 

parent rock.. Lm a""lian transport acro.« the pall floor. and the deposition and :;ub~41"'nt ;n 

,;/" ~lteration in the dun~. A >ludy of the sooimml altemp" lo yerify and llnl""dvel the details 

ofthi< process. 

There arc m.ny facmr.' al play in detcnnining the curr~nt chamct~rislks ()f the lunette 

~~diment.' A r.:dinwnt is defined as lrunsport~d material. while a ",il form. in place, althou!!h 

a gradalion between Lm lwo i, possible (Retallack ~I al .• 19!i4). ".., luudle sediments 

repre,em (r,m'portcd material that ha. ,ince und~rgone ~ degre~ of ",il formalio]]; the tenl1 

sediment with be us...:! primarily in this discu:;,;ion. S()il is a lhree-Jimensional "'mater~"ll at the 

,urfllCe ()f a planet or ,imilar body, alle.-Ni in place by phy.,ical, chol11ical or hiological 

agencie,. or by a cornbinatioo [)f them" (Retallack et a/ .• 1984. p.7). Jenny (1941) defined the 

faclors of soil formation as clim~k, Ofganisms/Yegelation. parent material. topography. ~nd 

lime. By scrutinizing a number of different qualities of the iUIICne .,ediment. hoth physical 

aOJd ctlemical, the i"flu..n(iui factors of .",d l""'~l und soil formltion mny be i",lalNi. 

Pro.;ef,SeS of soil fOlTlllltion are dcp"nd~nt upou pro~imity to the almo,phere. The known 

p<<JCess~, for soil!; that deyclop in uncousolidated sediments (B irkeland. I 984), proce.'<e! tlmt 

the procedure, enurneraled in bracht, ~ltempl to unc()wr, induue: 

chemical w"atllering (.uch a, decalcification) 
[pH, carhon~tcs. XRD] 

• downward leaching of soluhle mi neral •• Including weathering producl, 
[pll. conductivity, carhonates. XRD] 

• precipitation of soluhlo 'alh in near-surface horizons because of evaporation 
[conducti vity, pH] 

• incorporation of decomposiug organi~ IIl(lUe.­
[organic.,] 

• Jisturbmx:e of roils (by biological or physic~l proc"sses) 
[fiel,1 de;cripli<ms] 

• downward mowmenl (duyidtion) of day and reJeposition (illmiation) 
[partide-<ize. XRD] 

• reduction of brown. yeUow or femc iron mineml., t[) more ",Iuhle grey 
ferrou, ""mpounds in waterlog!!ed condilion~ 

[colour] 
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Clwpl"" 5, ['au-Junelles al a LocaJ ScaJr 

5.3.1 PHYSICAL CHARACTERI STICS 

The physical properties of coklur. p;lrliclc sizc. and thc collective ch~r()Cterization of te"ture 

are presentoo here. Soil ,tructure Wa. mentioned in the ,ite deM:riplion above . The methods 

used to characterize the samples arc presented in detail in Appcndi~ A. Thc rationale and 

results of analyse, are presented her~; a more detailed discussio n of the implicmions of the 

results follow, in Otaptcr 7. 

5.3.1a Colour 

Colour is the most obvIOUS visual charnctcristic of a ,ediment. and i~ a potentiall y useful 

parameter a, it can abo provide an initial index of (){her propertic, such ab mineralogy. parent 

material, fonnationaJ conditions, particle-,ize and weathering hi,tory. The colour of soil, was 

quantified using the MunscH Soil CoklurCharts (Mun,ell Colour, 1994), 

The ,ediments, when ob,erved in profile, are gen.rally light grey to brown excepting a red 

horizon (Figures 5.9 and 5.10) in the Vaelvlei lutleUe. These pale greys and browns arc the 

e~pccted hues of deposits deri"ed from light-coloured bedrock source, high in silicic minerals 

IUch"" the feldspar-phenocrystie Darling granite. Upon further cQ!lsidcrotion, using the 

Mun,ell 'y'tem. it was observw tha( samples in the uppermost halfTrnterofboth the Vaelvlei 

p tt and the pun-~idc Drocv1ei East pil have hues clO8"r to red Ihan the (){her samplcs (Table 

5.1.5.2), Red hue, arc frequently (hc result of (he oxidation of iron minerals, and arc one 

common characteristic of pa l.reosols (Retallack, 1990). As there arc many factors uffecting 

so il f{)l"t1lJlion, these observation, and possible e"planalions require additional quantitative 

proof, und are disl1l"ed further once other evideoce ha. been ~sented. 

Tabl~ 5.1 : Vocl~lci Munsell c(}!ow. of :;amplC-' VL I to VS2. 

sample depth from Mun x ll colo~r Description surface (m) (dry) 

'" n.w 1 UYR 5/3 brown 

'" U.~ 4 1 UYR 7/3 very p<,1e brown 

'" 0.63 1 UYR 4/'<. dark yellowish brown I 
, VL4 , .CS 2.SY 6/J I'dh' ye llowish brown; 
! VL5 26 2.5Y 7/2 Igh'grey 
: VL6 , .S~ ?SY Gi ? I'qhl urn w'li "t , grq 

'" 1.88 2.5YU2 I:qht urn'."",d, gre y 

'" C,2 2,5Y 6"-Z liqht urrJ'."mish grey 

'" C,G 2,5Y 5 .. "2 gr~yd' brm.Tl 

Chi/plfT 5, F~,,-I'mm,," 1ft Q Loco] SCQI~ 

5.3.1 PHYSICAL CHARACTERISTICS 

The physical propertics of colour. particle ,i7C. and Ihe wllective ch~r()Ctcrjza!ion of le>..lure 

are rre>entoo here. Soil ,tructure Wa. menlioned in Ihe ,ile description above. The rrrlhcxJs 

used 10 characterize lhe samples arc presented in detail in Appcndi~ A. The rationale and 

results of analy= are rre-""nted t-",,-~; a n""" deTailed disclI"ion of the implicmions of lhe 

resulls follow, in ChaplCr 7. 

5.3.1a Colour 

Colour is lhe moM ohvlOus visual charocteriMic of a ,ediment. and i~ a poleTliially uscful 

pilfaImle1" a, il can abo provide an inilial indcll. of other properlie, ~uch a.. mineralogy. parent 

""'terial, fonllationaJ condition" particle-,ize and weathering hi<lory. The colour of wil, Wal. 

<juanlified u,ing lhe Mun,ell Soil ColourCharts (MuII>ell Colour, 1994), 

Th~ ,edirrrnU;, when ob,erved in profile. are generally light gIl'y to brown excepling a red 

hori7on (Figures 5.9 and 5.10) in the VeeTvlei lunette. The"" pale greY' and brown, = the 

cll.pccted hues of <kpo~its deri.ed from light-coloured bedrock sources high in silicic mineral, 

such <I.'. lhe feldspar-phenocryslic Darling gnnitc. Upon further considcrolion. using the 

Munsell 'y'tem. it was observe<llhat samples in lhe uppermost half Imler of both the Veelvlei 

pit and the pun-sKlc Drocv1ei East pit ha.ve hues closer to ",d than the other samples (Table 

5.1. ~.2), Red hue, are frcquem I)' (he resul( of the oxidation of iron mlllCrals. um] arc one 

common ehamct""sl;" ofpalaeosolt (Retallack. 1990). As there arc many factors .u"fecting 

'011 formation, these oo.ervalion, and possible e"planations ",qui", additional quantitative 

proof, and are dL,""U"ed furth~r once other evide""", ha, been ~,emed. 

Table 5.1: Vocl~lC1 Munsell c(}!O\lT. of ~mrlC-' 'ILl to VS2. 

'" 0.(,;0 t UYR 5/3 brown 

'" U.~4 t UYR 7/3 VfHy p<"li& br(),",n 

'" 0.63 t UYR 4/". dark ),sliuwish brown I 
, VL4 , .CS 2.SY 6/J I'd'" yellow,sfl brown; 

! VL5 26 2.SY 7/2 Ig"'grey 
: VL6 , .~~ ?~Y Gi? I'qhl orn ..... "i"t, grey 

'" 1.B8 2.5YU2 I:qhl orn'."",d, grey 

'" C,2 2,5Y 6/2 liqhl oro'."mi.h grsy 

'" C,G 2,5Y 5 .. "2 gr~yd' orO'1'''' 
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Charier 5: P",-Iw,etles al a Lo"ol $cule 

Table 5.2: Drocvlei E..,. Mun""n colou" of sampl.s DV ,1I<>'.lioo to J)VlO. 

""'mp~ 
depth lTom MlIn~ 11 

D~ !K'riptio" 
s .... lac ~ (m) colour (dry) 

DV shoreline , Mottlwl 

DC> (). 1 S 2.5Y 512 greyish brown 
D" ll.J() 2.5Y 5/3 light olive brown 

DCO ll.S~ 2.5Y 61:2 light brownish grey 
DC. ll.P5 2.5Y 7/3 pale yellow 
DCO 1 I~ 2,5Y 613 light yellowish brown 
DCO 1.45 lOYR 7/2 light grey 

D" 015 lOYR 512 greyish brown 
D" :).1:) lOYR 612 light brownish grey 

D" :)5:) 2.5Y 612 light brownish grey 

D" ()S:) 2.5Y 612 light brownish grey 

D" 1 1:) 2.5Y 6/2 light brownish grey 
D," 1 AG 2.5Y 612 light brownish grey 
mn 1J() 2.5Y 612 light brownish g"'y 

D" ?:X) 2.5Y 6/2 light brownish grey 

D" ?1ll 2.5Y 613 light yelk:>wish brown 
DV10 ~.Sll 2,5Y 61:2 light brownish grey 

The Icxturo of scdimeOis in each of lbe sampled pan-Iuneltc feature, was lIJl~jy,ed in or<ler to 

inVCSligatc the history of lhe fcature, nanlo.'ly lhe source. the mean, of sooiment tran'port, and 

tlie age of tbe material. Gmi n "iw, Were delerrnirmd ulili !ing j aboratory techniques reliant on 

Stokcs' law of settling (sec Append ix A), The sorted ralC of scllJing. and hence grail1-siz~ 

portion', was fi,-"I mcasured u,ing a <;.Oi] hydronIClcr, which quantifies the buoyancy over lime 

of a dcnocculatcd ,anlplc. The dricd coarse fraelioo WaS then limed through a settling column 

in ortler to delennioe!he sill to day ratio. ElICh trial Wa, repeated multipl~ tim~'. This cia'l;c 

approao::h 10 grain "iw analy,js was cOI1sidered ,ufficienliy occurate for lh~ gcneral 

classification and comparati,'e nature of the work. Modem la,or and si~ving techniqucs were 

e ilher unnocessary. Texture was cha=terized u"ing \hc CJdcn·Wc01worth grade ",ale for 

grain sizcs (Wcmworth. 1922). Each of Ihcs.c methods Hre medll' of determining approx imaw 

texlUre and cannot be laken as an occlImte breaL:iown to the percentage point 

A, ,tatoo abovc, the ",dirncnl" were lreated with a defloccubnl before th~ grain size an~ly,is 

wa, cmried out. Thi, oction reduced lh~ day and <;;}nd pellets 10 individual conSliluent grains, 

Chaplcr 5: P",-lw,<'!I", at 0 [,"'01 Sr~lc 

Table 5.2: Droev)"t Eas.t Mun",,11 coloors <Jf sompl •• DV .horeline to [)VlO. 

-- -.~ .... N. 
o..t.e'1pI;QA surlau (m) ectou. (dry~ 

DV shoreline , MottlM 

DC> (). 15 2.5Y 512 greyish brown 
D" O.J() 2.5Y 513 liQht olive brown 

DCO O.5~ 2.5Y 61:2 light brownish grey 

DC< O.P5 2.5Y 7/3 pal .. Y"'llow 
DCO ) I~ 2,SY 6/3 light Y"'bowlsh brown 
DC. 1.45 lOYR 712 light grey 

D" 015 10YR 512 greyish brown 
D" :).1:) 10YR 612 light brownish grey 

D" :)5:) 2.SY Bl2 light brownish grey 

D" () 8:) 2.5Y 6/2 light brownish grey 

D" 1 1:) 2.5Y 612 light browntsh grey 
D," I .4G 2.5Y 612 light brownish grey 

D'n 1J() 2.5Y 612 light brownish gr .. y 

D" ?:X) 2.5Y 612 light brownish grey 

'" ?lO 2.SY 6/3 light yelbwish brown 

DV10 ~.50 2,SY 612 light brownish grey 

The loxture of scdimeOis in each of 100 sampled pan-lunette feature> was lIJluly,ed in onJor to 

lIOvcstigate the history of the f~aruI\\ namdy the source. the meam of sediment trnmpo<t, and 

the ag<.' of the matcr;aL Grai n "ill'S Werc de1enniood uliliting laboratory techniques reliant on 

Stoke,' law of <Clll mg (<ce Appendix A), The sorted rale of sctlling, and beoce graill-Slzo 

portion', wa' fiN measured u,ing a <.Oil hydromeler, which quantu;", the buoyancy over lime 

of a denocculalcd 8amplc. The driCti coarse fraclioo WaS then limed through a senling column 

in order to delennioe!he sill to day ratio. E"",h trial Wa, repeated mlIltipl~ timo,. This class;'; 

~pproao:;h 10 grain ,ilC analy,is was cO!1,idered ,ufficiemly accurate for Tho gcocral 

classification and comparati ,'e nature of the wor~. Mooem la, ... and ';~ving techniques WI..--re 

either unnocessary. Texture was characterized u"ing Ih~ CJdcn·We01worlb grade ""ak for 

grain sizes (Wentworth. 1922). Each of Ihe\.C methods are mean, of ~terrnining approxlmaIC 

texlUre anJ cannot be laken as an 1V.:curllle bwalu:!own to the percentage point 

A, \tatoo above. the ",J1menl" were lreated with a deflocculant before tho grain size an~lysis 

wa, cHmed out. Thi, ""tion reducL"<I th~ day and sand pellets to individual constiluent grain" 
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errople, 5: Pon ,!,mellf':; 0/ a LQ('o! ;i"0!1' 

Because of the "ohesi\'~ nature of clay., the sediment. in the pan have a tendency to form 

pellet, willch are transpOlted ",1<1 >l,bscYllClllly r~org"niz~d, likdy in a proc~"" of 

deJlocculation. The te-,;twlll cMracterizatiun of lhese dUrK-, docs nol necessarily indicale the 

texlUT"i "cli"ily during pan"lunctl<: iOI1l\alion, Current clay fraClion Si7C' in sill< in Ihe Ikkl 

would tlCed to be measured by the creati[m of thin-sectIOns for micro,copy, Instead the 

hydlUmeter method uscd h~,e on ddloccula1cd "Jrnpks pro.-idc, a baslc chamctcrizali()ll uf 

the g-railHi7cs pre,,,nt in the dun". without elucidating the pelletal-sizes tMt may Mve been 

deflated "00 Telk1"',iled. 

s~"e 
, 

'" '" 
'" '" 
DL 3 '" 
'" '" 
DL 5 '" 
"" 1,., 

DVt .s'" 
DV2!'u:>l 

DV3~u!<l 
DV4" ObO 

DV 5 '-', 
DV b 

'" 
"" "" DV to 

'" 

percentage 

" '" " 00 

. .. -__ !'11 .....-----. 

Hgure 3.11: Grain .i~e "r "edim.:n(, rmm Vronki La'l [ullel1e. 
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Ci'!1plcr 5: Pon irrnt'ilf':; 01 a L(J(.'ol :i('oll' 

Becau"" of the COheSl\'~ nature of clay" the sediment' rn tI", pan have a tendency to form 

pellet, whICh are transpolted ml<i M,b""YllCmiy r~org"niz~d, likdy 11\ a proc~"" of 

deflocculatiol1_ The textw1l1 characterizatiun of lhese dunto docs nol nece>sarily indicale the 
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Chapter 5: Pan-lunettes at a Local Scale 

The dune at Droevlei East (Figure 5.11) shows a trend of textures fining with depth from the 

surface. In the upper pit the sampled sediment is a series of increasingly clay-rich strata with 

depth. From 0.15 m in the lower pit, the texture again is increasingly fine with depth. There 

is a slight reversal in the trend, with the appearance of coarser textures, at 1 m to 1.5 m. 

The texture of the V oel v lei dune exhibits similar trends with increasing clay proportions at 

depth down to around 1.5 m where clay levels are near 50%, below which there is a slight 

reversal to coarser textures (Figure 5.12). The samples from the cliff face (VS) have similar 

textural proportions to the samples at equal depth in the crest (VL), indicating parallel bedding 

structures. 

The trend of fining textures with depth in aU pits could indicate a number of different 

situations. More rapid dune propagation with time (less time spent subjected to surficial 

weathering processes) or increasingly wet conditions (and sand portions) would yield similar 

trends. Older soil particles tend to be more weathered and hence finer-grained at the surface 

on account of leaching processes (Jackson and Shennan, 1953). Reduced in situ weathering 

through time would result in fewer fine surface particles. The lunette environment may not 

display the characteristic of old weathered surface sediments, however, because leaching, 

requiring humidity, is not the main weathering function of the environment and dunes may 

grow quickly, the variation of humidity through time causing various weathering signatures. 

Figure 5.13: Texture pyramid of sediments in Voelvlei Lunette (squares) and 
Droevlei East Lunette (ovals). 
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Chapter 5: Pan-lunettes at a Local Scale 

As can be seen in Figure 5.13 the samples from the Droevlei East Lunette are characterized as 

silt loam to clay loam. The samples from the Voelvlei lunette are texturally more varied 

ranging from a sandy loam to a clay loam to clay. Following Bowler's (1973) definition of a 

clay lunette having at least 20% clay composition, not a texturally-defined clay (more than 

50% clay), both of these dunes could fit into the category of clay dunes, depending on the 

depth sampled. Overall, the Droevlei East lunette is finer grained than the Voelvlei lunette. 

This trend may be a result of age, weathering or source material and is further discussed in 

Chapter Seven. These textures, however, are based on measurements of dispersed samples, 

but texture as relating to wind erosion is that of an aggregate. The statistical sorting values can 

be used to clarify the source of this fining trend. 

0.1 

0 

II) 
II) -0.1 CD • voelvlei c 
;: 

.. droevlei CD -0.2 .ill: 
II) 

-0.3 

-0.4 

Figure 5.14: Skewness vs. Sorting (Standard Deviation): statistics for 
settling of lunette coarse fraction. Both axes are expressed in phi units. 
Increasing values on the y-axis represent finer grain sediment. Increasing 
values on the x-axis indicate less sorted samples. 

The statistics reflect the Gaussian distribution (log-nonnal scale) of the coarse fraction (>63 

microns). The graphed comparison of skewness and standard deviation (sorting) of these 

sediments can be used as a diagnostic feature of the environment represented (Lewis and 

McConchie, 1994; Meadows and Asmal, 1996). The cluster of the statistics for the lunettes is 

graphed in the sector expected for beach environments. As these statistics represent only the 

coarse fraction (half the story) this is not a surprising relationship; the sands in a humid pan 

are subjected to beach-like wave energies and sorting. The pan environment at Voelvlei is 

more beach-like than Droevlei East with extended pan-full hydrologic conditions and 

considerable wave activity forming sandy beaches and cliffs. Figure 5.14 indicates that this 

difference may extend into the palaeoenvironmental record. 

This kind of statistical interpretation is problematic. Primarily, comparing the particle size 

distribution of a sample to the log-normal Udden-Wentworth scale (1922) assumes that the 

distribution is, in fact, regularly logarithmic. Sediments frequently display two or more 
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Chapter 5: Pan-lunettes at a Local Scale 

particle-size distribution modes. It is also possible that the sample is a product of several 

formational episodes, and not a single event, so that interpreting the statistics as one 

environment ignores the potential composite origin (wave-transport and wind transport for 

example). 

Generally, it can be seen from Figure 5.14 that the coarse-fraction of the Droevlei sediments 

is both finer and less wen sorted than the Voelvlei sediments. 

5.3.2 CHEMICAL CHARACTERISTICS 

The pH, electrical conductivity, organic matter percent by mass, and the calcium carbonate 

equivalent by mass were measured on each sample. The results are graphed in Figures 5.15 

through 5.22. As before, the methods used are presented in detail in Appendix A. Rationale 

and results of analyses are presented here; a more involved discussion of the implications of 

the results follows in Chapter 7. 

5.3.2a pH 

The pH of a soil is the negative logarithm of the hydrogen ion activity. It is one of the most 

frequently measured characteristics of soil and a critical determinant of plant growth 

(McBride, 1994). The pH of a soil is the primary determinant of ion exchange, dissolution 

and precipitation, reduction and oxidation, adsorption and complexation reactions. The pH of 

a soil, young soils in particular, is determined primarily by parent material (Birkeland, 1984). 

The pH was measured here using a probe and a saturated soil extract. 

Calcareous soils tend to have a high pH because of the release of OH- in a process known as 

carbonate hydrolysis: 

[Eqn 5.1] 

Although calcium carbonate is only slightly soluble, in equilibrium situations with 

atmospheric carbon dioxide, the reaction in Eqn 5.1 can produce a soil pH as high as 8.3 

(Foth, 1990). The free OH- ion tends to react with any H+ formed and maintains an alkaline 

environment. Soils containing the more highly soluble Na2C03 can have a pH as high as 10 

by the same reaction, with sodium carbonate replacing calcium carbonate (Foth, 1990). 

In a calcareous soil, carbonate hydrolysis dominates the system maintaining a pH of between 

7.5 and 8.3. Weathering of other rocks and minerals, including aluminosilicate clay minerals, 
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Chapter 5: Pan-lunettes at a Local Scale 

tends to have an alkaline effect. Mineralogy and pH of soils, when undisturbed by human 

activity, should remain relatively unchanged over time. 

The development of more acidic conditions requires the leached removal of carbonates. In 

more acidic environments, mineral weathering increases, releasing more major cations, and in 

tum, creating more acidic environments. Acidity in soils can also be traced to root respired 

carbon dioxide reacting with water to form carbonic acid, the mineralization of organic matter, 

and the natural reaction of precipitated water with carbon dioxide. These kinds of leaching and 

reacting environments require humidity; in arid environments these reactions have a minimal 

effect. 

Although calcium carbonate makes up less than 30% by mass of the soils at Droevlei East 

(Figure 5.17), the fluctuations in soil pH, ranging from mildly to very strong alkaline (Figure 

5.18) vary parallel to the variations in calcium carbonate. The shoreline of the pan, where 

calcium carbonate (barring gastropod shells) is nearly non-existent, is the primary divergent 

sample from this relationship with a pH (KCI) of 8.25. The same relationship does not exist at 

Voelvlei where the soil pH is much lower ranging from very strongly acidic in the cliffs 

adjacent to the shoreline, to mildly alkaline at the base of the pit. 

By measuring pH in KCI as well as water, an attempt is made to mask variation in salt 

concentration resulting from fertilizer residues, irrigation water and microbial decomposition 

of organic material (McBride, 1994). The expected difference is 1 to 2 pH units. Clay, which 

is negatively charged, can cause junction potentials with the K within the pH electrode (the pH 

electrode is filled with KCt), reading a decrease in pH (McBride, 1994). By determining pH 

in both water and KCI, it is possible to determine the net charge of colloids in solution. Low 

colloid charges are found in low-clay environments and high salt materials (which causes 

flocculation, keeping colloids out of solution). A positive net charge indicates iron oxides; a 

negative net charge indicates silicate clay minerals. As expected, all of the samples measured 

a negative net colloid charge except VL3 and VU, the red layers in the Voelvlei dune, likely 

so coloured on account of iron oxides. 

S.3.2b Organic Matter 

Soils are composed of inorganic mineral soil, composing the majority of the actual soil, and 

organic matter, which plays a disproportionately important role in soil physical and chemical 

reactions (van Loon and Duffy, 2000). Organic matter is primarily the remnants of plant 

tissue and litter, found in varying stages of decay through the soil profile. The biomass of soil 
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Cluzpter 5: Pan-lunettes at a Local Scale 

micro-organisms and small soil dwelling animals provides an additional, small (0.05 to 0.5% 

by mass of the top 0.15 m) component of the organic fraction (van Loon and Duffy, 2000). 

In an area with little biomass, currently or historically, such as the Agulhas and Darling sites, 

low soil organic matter would be expected. The organic component was measured by mass 

difference after combustion. 

5.3.2c Carbonates 

Calcite (CaC03) and dolomite [CaMg(C03h] are the principle carbonate minerals found in 

soil (Sposito, 1989). Often, pedogenic calcite is formed as a weathering product. Carbonate­

rich horizons in arid to semi-arid regions are the result of a shifting carbonate-bicarbonate 

equilibrium which is forced by factors such as pH, presence of water, temperature and CO2 

pressure (Birkeland, 1984). Biogenic calcite is also found in the lunettes in the form of pan­

origin gastropods (discussed in detail in Chapter Six). 

The carbonate measured here is actually a 'calcium carbonate-equivalent' based on the 

assumption that only the calcium carbonate in the sediment will react with acid (Gale and 

Hoare, 1991). 

5.3.2d Electrical Conductivity 

The electrical conductivity (EC) of a soil is a measure of the charged species, a measure of the 

total ionic concentration of a soil solution (van Loon and Duffy, 2000). Electrical 

conductivity was measured using a probe in a saturated soil extract. The measurement is 

inversely proportional to the resistance measured across a set distance between electrodes. 

Typically the electrical conductivity is interpreted as reflecting the concentration of ionisable 

salts. Colloids, whose characteristic property is that they do not dissolve in water to form 

solutions, will not affect electrical conductivity (Sposito, 1989). Electrical conductivity values 

closely mirror clay content in these environments, because salt concentrations are the drivers 

of clay flocculation that permits aeolian deflation of the flocculated pellets. 
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Chapta 5: I'an-Iu"dte} at a 1,(>Cal Srale 

S.3.2e Clay Minerdlogy 

The minerals in a soil are the primary control on both the phy,ical and ch.'mic-al properties of 

th,t soil. The miner~h of the clay fracrion «40 minon,) play an es~cially important role 

because oftbeir lar!:" .<pu ijic surfac~. defi!k'd as tire surface area per unit mass of soit (Klute. 

1986), The extent of weathering of primary minerals to form ,econdary day minerals 

depend, on soil ditrute. age and tbe geologic-al nature of the parent malerial (Evans. 1992), 

T1Ie mineralogy of a soil can belp elucidate th~ 'ourc~ of the wil and the degree of 

""'athering. A nmnber of potential weathering- pathways exist. a, ,hown in Figure 5.21. 

Fine-grained mineral particles weather differently to coarser-grained particles because th.' 

,pe~;fk ,utface is large ellOUgh to 'K"celente the weatlk'ring process (Jackson and Sherman. 

1953). The 'lJCc-essive Slag-es of weathering (weathering sequence) of day-size mineral 

particles are sbown in Table 5.3. 

TobIe 5.3: Wcathc'Ting ""ql>ence of dOY-bile nuoorai p.anid", 
(ho:;k<on and ShcTln.iJl. 1953) 
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Figu,.., 5.23 Some p"<>ibJe ""nlhcring jXlthw.y, of mineral, (adap{cd fTOm Evans. (992). 
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Chop/a 5: P~n-luMt/('! ~t. Wi Sf"I, 

X-ray diffraction can be used to determine the mineralogical composition of a soiL The 

mineralogy of the clay fraclion of ten samples was measUI~d by X-ray diffraction at the 

institute for Soi l, Oimate and Water (ISCW) in Pretoria. South Africa. The samples were 

chosen to be roughly representative of the profile. avoiding the top half-meter where 

agriculture has disturbed the soil. 

t·lgur. 5.24: Clay rnin<rology oheleNed samples fi"orn V""lvlei lund'" (V L). 
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Figure 5.13: Clay mineralogy of .e1ttt~d "lq>le, from Droev1el East lunette. 
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be morC wcalhered at depth. The most common wrtical variation i, when the amount nf silica 

and ha"",s in the weathering prod''''l mcrCaSC, with depth, usu~]ly (oOl,ing hnlinite 

(Birkeland, 1984). Figure 5,211 8h",,,, the frequcncy ofmincl1l1 occurrence In lerrm of the 

weathering ,tage, from Table 5.3, 11 show> th~t nllca. an inteOl",diate we~the ring pmduot, 

and kaolinile. a hca";]} we~thercd mineral. are the most common in thcse "'''nples. Therc io 

no olear trend in Figure, 5,24 or 5.25 ofuK-Tcasmgly weMhercd miner~ls ~t depth. 

The appeararICe of feldspar (11 ~{,) at 1.45 m dL>,lh 111 thc Vochlci 1 unctte and SrrH;ctite (21 ~") 

at 1 ,45 m lkpth ill Drocvlci E~st lunette are anomalous_ The )>re,;ence offddspar may mdicalc 

thaI the "",il has oot been leached extenSlwly, or lhal it h;;g; becn 1c~ched out of owrlying 

sedimenlo (Sposilo. 1989). The o~loite (27'~',,) at 1_45 m depth in the top pit at Dronlei loasl '" 

1101 ('rom gawopod sheil,_ Calcite low in the profile c()!WClllionail} 8uggests deoalcification 

from overlying "'mple" a produot of weatheri ng_ 
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Chapter 5: Pan-lunettes at a Local Scale 

Shales, such as the Bokkeveld shale that underlies Voelvlei, tend to weather to micas first and 

then smectites (Birkeland, 1984). Feldspathic granite, such as the Darling Granite, weathers 

to feldspar or muscovite and then kaolinite (Evans, 1992). These general weathering 

pathways from parent material to clay, support a parent material determinate for the clay 

mineralogy in the lunettes. 

Other determinates of clay mineralogy that may take place in the dune, altering the primary 

clay material originally moved from the pan floor, include the acidity of the soil and the 

weathering between clay minerals. 

A general inverse relationship between pH and kaolinite has been documented in previous 

studies. Both low pH and high kaolinite proportions have been used separately as indicators 

of weathering; a strong negative correlation between the two has been used as a more 

definitive indication of weathering (Jackson and Sherman, 1953). The nature of the 

weathered kaolinite is also dependent on the soil pH (Evans, 1992). The primary source of 

confusion arises from discrepancies in the measured pH values (such as the inverse 

relationship between pH(KCl) and pH(H20) (Figure 5.27, 5.28)), as well as limitations in the 

sample size at Voelvlei for statistical methods. In this comparison, the pH(H20) is generally 

used. In the case of these samples, Droevlei indicates a good positive correlation, hence little 

weathering, and the sample size at Voelvlei is too small to definitively cite the negative 

correlation between pH and kaolinite as a sign of weathering. 

Chapter 5 continues 
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Chapter 5: Pan-lunettes at a Local Scale 
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Figure 5.27: Correlation between % kaolinite and pH(KCl) 
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Figure 5.28: Correlation between % kaolinite and pH(H20) 
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Chapter 5: Pan-lunettes at a Local Scale 

In another measure of weathering, 2: 1 layer type clay minerals such as mica and smectite 

often will break down to 1: 1 layer type clay minerals like kaolinite, forming secondary clay 

minerals which have a simpler structure. This process may be occurring at Droevlei East as 

recorded in the good negative correlation between the 2: 1 layer type clay minerals and 

kaolinite. Kaolinite changes down-profile indicate that the kaolinite is secondary, a product 

of weathering. 

80.---~r-~------------------------, 

o 20 40 60 80 100 

% kaolinite 

Figure 5.29: Correlation between 2: 1 and 1: 1 levels of clay minerals. 

Although conclusions based on three data values are speculative at best, a general picture 

emerges from the clay mineralogy of these samples, one that appears to reflect differences 

between the two sites. The clay mineralogy at Voelvlei is generally less weathered (stage 7 in 

the weathering sequence) than Droevlei East (stage 10 in the weathering sequence), though 

both dunes have the weathered mineralogy expected from the underlying substrate. The 

kaolinite at Droevlei East could be the product of secondary weathering of 2: 1 layer clay 

minerals, potentially suggesting more highly weathering conditions (humidity, time, etc). 

These relationships will be discussed within the context of the other sedimentology 

characteristics described in this chapter and the morphology described in the previous chapter 

in Chapter Seven. The question of age and timing of these features, one determinant of 

weathering, will be discussed in the next Chapter. 
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Chapter 6: Chronology of the features 

6.1 MORPHOLOGICAL INDICATION OF AGE 

In all landscape studies and particularly those concerned with palaeoclimate interpretation, the 

question of timing, both in terms of initiation and evolution of structures, is a crucial one. In 

Quaternary Science, a field itself defined in terms of time, an accurate grasp on the ages 

represented in a chronology is fundamental. Although many comparisons and conclusions can be 

made without a precise chronology, a quantitative number, in this case a set of radiocarbon ages, 

provides a starting point, albeit not without its own complications. 

These numerical dates represent a few finite points in a feature that is the product of reoccurring 

cycles of accumulation and erosion. The material present in the modern feature is the current 

status of that cycle, and provides solid evidence for only half the history. Dates from the dune can 

only be interpreted as the age or timing of activity of the dated section of the dune. Regular 

interpolation through the profile is impossible. Ages of the undated sediments rely on relative-age 

methods to compare characteristics between layers and correlated-age methods to demonstrate 

equivalence to independently dated features. The "age of a dune" can only be discussed as 

periods when the dune was known to be active; an "older dune" is recognized if it exhibits earlier 

periods of activity. Dune building was likely synonymous at both sites during some stages. 

The morphology of the entire pan-lunette feature reflects age and timing of formation. Pans, 

when following a hydrologic evolution or aging within one hydrologic regime, exhibit certain 

indicative characteristics (Bowler, 1986). Lunettes are constructed and then deconstructed by 

natural weathering processes at variable rates and with variable morphologies depending on 

composition and time. Changes in climate or land-use may alter the rate and extent of this 

process, making it an inaccurate method, at best, of identifying age. 

Simply observed, as a body the pans at Agulhas are larger and deeper than the pans in the 

S wartl and. The dunes at Agulhas, in plan view, have a more dissected appearance, possibly in 

response to erosion over time. Bowler (1983) also observed a morphological variation resulting 

from differences in scale: larger complexes tend to have a more irregular gullied form than those 

found at smaller basins. The size of the pan itself is indicative of age; the large pans at Agulhas 

have been deflating sediment for a longer period than the smaller pans in the Swartland. The 

initial interpretation from these types of observations is that the pan-lunette features in Agulhas 
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Chapter 6: Chronology offeatures 

represent an older collection of landforms than the pans in the Swartland. In both clusters, 

however, there is a variety in structure between features that likely represents a difference in the 

timing of the initial formation of individual features. 

The overall elevation of the cluster is potentially indicative of age. Altitudinal variations in the 

western Cape have been identified as Cenozoic marine-cut surfaces at 180m, 90m, 60m, and 30-

20m which are progressively younger with lower altitude (Marker, personal communication; 

Rogers, personal communication). This chronology could be used to support a younger age for 

the Agulhas cluster (15-25 mamsl on average) than the higher Swartland cluster (55-105 mamsl 

on average). Although this is a distinct morphologic relationship, it is not corroborated with the 

majority of other age evidence. The age of the surface, alone, does not determine the age of the 

pan. 

The characteristics of the dune sedimentology also contain information about the timing of the 

dune formation. Regular down-profile changes are due to weathering as a product of humidity or 

time. Non-systematic changes, such as the appearance of unstable clay minerals at depth, are due 

to parent material vulnerability and control. Distinguishing between products of time versus 

products of humidity is the primary complication. Both dunes studied have the mineralogy 

expected for weathering products of the parent material. Droevlei East in the Swartland, however, 

shows signs of heavier weathering in the stage of clay mineralogy and calcite accumulation at 

depth. These observations could indicate either heavier weathering (more humid conditions) or 

older features in the Swartland. The finer texture of Droevlei East would support a generally arid 

climate, and therefore an age-control on the weathering of clay minerals. 

The age of similar features and events (arid conditions) in the southwestern Cape can augment the 

story of the timing of development here. The conclusions of this chapter will be placed in a 

regional context of the chronology of similar events in the following chapter. 

6.2 PREVIOUS CHRONOLOGIES 

The work of a number of previous researchers does shed light on the age of these features. In 

Agulhas, a 1.5 m hole in the crest of the lunette at Soutpan was dated at 92.5 +/- 9.4 K years 

before present based on Optically Stimulated Luminescence (OSL) (Shfd97048) (Carr, personal 

communications). Ongoing research is working on getting OSL dates for more than twenty 

aeolian structures and vlei cores from around the Plain. The ages currently suffer from 

inconsistent Inductively Coupled Plasma Mass Spectrometry (ICPMS) results for dose rates 
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(hopt", 6: (h,mw/v\'V at' t'""lurE'S 

(concen!r<nions of Ur, Th, K), but >orne of the roorc f~asit>le ag~ deteTIllination. are included in 

Tabl ~ 6.1 (Carr. """,onal comroonicalion'J, Although none of these date. are from ba.al "mplcs. 

indicative of the age of th~ dunes, they do indicate that the pan·lunelle features w~re active 

roughly 80 000 year. before the present and again 17 000 ycars ago. it is <mclear from these dates 

wrether the activity wa, continooos, Based on this initial data. the dune. at Sootp~n und Vodvlci. 

both in Agulhas, arc of difrcl'l:nt ages (80 h vs. 17k~) 

In the Swartland, Smilh (2000) estimated an age of the pans from 4-10 ka ba,;ed on salt 

conc~nt"'t i on calculations. She abo decided that the pans are of diff~"'nt ~ges, decrcasing to the 

north wit h Slangl;:op being tre youngest. 

Table 6.1: Dat"" obtaitJed dllT"ing current ,nd I'reviou, re,earch. 

Sit .. Depth Age (BP) ~~ ...... ar""". O-i .olo~ 

stall'! 

Thorlas and 
SoutPiU' lun~'llc 15 m 8~-9~ K oce Gaten'an , 

• • < , Soutpan lunette CWi-3.·18 m CC -7G K me Carr ~ , 
< Vu elvlci Iundl~' 1.08 m 17K oce COler < 

Vuclvl~'i Iunp.tte , 5,j m 1 ~ K CH Caims 

, 
various pan wat~'" Surlace 4-10 K I S;,lt J S,-rlth c • 

" D,o~'vlei E lu"~':lc 4.5 m " '" Gai r,es • , , 
Deoevlei E lurwlle ;.5 m G.3 K '" Gai r,p' s , 

Based on these ages. the Agu lha, du,tcr is older Ihan the Swart land cluster. It is possible that the 

youngest p~n-Iunette feature, in Swartland were initialcd at lhe same tim: as the oldc,t features in 

the Agulhas. T1Ie reversal of age. at depth in Agulha, is roo,1 likely a product of the different 

dating mclhrxls oli li7ed 10 produce those date" and i, not a grcat Cau,", forconcem. 

6.3 GASTROPODS 

As ~ part ofthi. research (he mdiocarboo age, listed in Tabk 6. I were obtaincd from gastropod,. 

The gastropods werc halld-pick~d from lhe dry 'Oil .a~les wherever they were obvious. and for 

dating purpo,",s represent the avcragc of a fcw inch~s of sedimentation. 

n 

Chapltl' 6: q"mw/wv qf (""I,,,", 

(conC"ntrdlions of Ur. Th. K). but >orne of the more f~asibl~ ag~ <ietem,ination, are 1I1duded in 

Table 6.1 (Carr. >"rwnal comm.micalion_J. Although none of these date, are from ba'al samples. 

indica!i....: of the age of the dunes, they do indicat~ that the pan-lunette featurus w~re acliv~ 

roughly 80 000 yea" before the p",sent and again 17 000 years ago. ll1S ,mclear from these dates 

whether lhe activity w", continooos. Based on this initial data, the dune, aI SC'Hp~n nnd Voclvlci. 

both in Agulhas. arc of difrcl1:nt ages (80 h vs . 17"~) 

In the Swartland. Smith (2000) cr.timaled an age of the pans tmm 4-10 ka based on sail 

conc~ntr:lt ion calculatioos. She aho decided thallhe pans = of diff~rent ages, decreasing to the 

north with Slangl.::op being the youngest. 

Table 6.1: Dot'" obtnit>«l d,"ing current ,nd prev;ou, r.,eanoh. 

... Age/Sf» 
_ .... -- . .... 

Thorlas a,--,j 

SouiD,'" lu"e!l~ 1.~ m 8~-9~ K ace Gaten'an , 
• • < , Soutpan ItJ"dl~ G.Wi-3.·18 m U:-7G K oec C"" ~ 

0 
< V"e",l~i lu"dle 1.08 m ,n ace Ca'f " 

Vo~lvlei lunp.tte , 5,j m 1 ~ K CH C"If,,"S 

0 
various Dan w"t~'" Surlace 4-10 K I S;,lt J Stl'lth c • 

" D'o~'vl~i E lurK':l~ 4.5 m " '" Gair,~s • , 
" DCDavl~i E lurwlle ?" m G.3 K '" Gair,As , 

Based on these age" too A!,'lllha, duster is older than the Swart land cluster. It is possible that the 

youngest p~n-Iunett~ f"mure, in Swartland w~re initialcd at the same lim.: as Ihe oldc>! fuatures in 

the Agulhas. TIle revernal of age_ at depth in Agulha> is ~I lilely a product of tOO different 

dating rnelhrxls otili7.ed 10 produce tho.., date,. and i, not a great Cau,,", forconcem. 

6.3 GASTROPODS 

As ~ part oflhi. re""",ch the mdiocarboo age, listed in Tabk 6. I were obIaincd From gastropod,. 

The gar.tropods "ere halld-pic~~d from the dry ",il ",,~Ie, where""r 100), were obvious. and for 

ruling IXIIpO,,",s represent the average of a few inches of sedi=nlalion. 

n 
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6.3.1 DESCRIPTION 

Gastropods ar~ abundant in a distinct number of layers in both the Voelvlei and Droevlei East 

lunettes. They have been identifi~d as l'omichia ventricosa (first documented by Reeve in 1842), 

a gastropod common in cphemeral southwestern Cape saltpans and occurring in quantities up to 

tens ofthou.ands onder favourable conditions (Herbert, 2002). 

A number of other """cies of Tumichw arc foond in wetlands in the southwestern Cape (T. 

zwellendunwllsis, T. diflerens). Morphologically the speci~ s are very similar, but the 

physiognomies differ substontially. Of these. T. venlriCUlla hvc m the broadest range of 

environments limn shallow rivers 10 coaslal wetlands 10 inland pam. They are the only """eie, 

hardy enough to ,UJVive lhe hydrologic cycle ot"thc sallpans. They can survive lhe annual drying 

of the pan and salilllly fluctuations (from 8-10%0 when wet to >160%.. during dry spells) that come 

with p~eipitatiO!l variability by burrowing below lhe surfacc to moist ~as tn 11"IO<ks of 

amphibious behaviour and aestivation (Davi .. 1981). Many individuals do die off during the dry 

season beea"",,, of stranding or desiccation by osmoSIS when waters reach a salinity of 130 to 

160%0 as observed in Ysterfontein (Davis, 1981). With the firsl rains, the sUJViving individuals 

reproduce at a high rate. 1: velllricos<I is one of the II10iSt resilient gdStropods to changes in 

.alinity and water a,"dilability. 

figure 6.1' Tomich;" ,."nlric05Q. Tbo large specimen i, 
approximately 3mm in length (SMG) . 

D"'ls (1981) identificd T. venlric08a during two field expeditions in the Western Cape during 

1977 and 1978. Some of the field sites where he collected T. ,·elllricosa include Ysterfontein 

(Swartland). Rhenosterkop (Agulhas), Rondcpan (Agulhas). Langcpan (A)l;ulhas). and a number 

of other small pans and streams in the region. 

Smith (2000) likewise identified modem individuals of lhe same species in many of the Darling 

pans. She recognized a strong enough eorulation between the presence of T. VClitriCOS<I and the 

Chap/IT 6: Orono/Of!! oU",/urQ 

6.3.1 DESCRIPTION 

Gastropods are abundant in a distinct number of layers in both the Voclvlei and Droevlei East 

lunettes. They have been identified as l'omichia wnrricosa (first documented by Reeve in 1842), 

a gastropod oormllOn lfl ephemeral southwestern Cape saltpans and occurring in quantIties up to 

tens of thou=ds onder fuvourablc conditioos (Hcrbct:t, 2002). 

A number of othCl" species of Tum,chw arc found in "'"ellands m the southwestern Cape (T. 

zwellelldunwllsv;, T. difj"erens) . Morphologically the species are very similar, but the 

physiognomies differ substarttially. Of these. T. venrrirosa hve tn the broadest range of 

enVIronments limn shallow rivers to co."al wetlands to inland pam. They Me the only specie, 

hardy enough to ,urvive tM hydrologic cycle ot"the saltpans. 'They can survive the annual drying 

of the pan and salilllty fluctuations (from 8-10%0 when wet to >160%.. during dry spells) that come 

with precipitation vari.bility by burrowing below the surface to mOlst areas tn 11lO<ks of 

amphibious behaviour and aestivation (D.,i .. 1981). Many individuals do die off during the dry 

season beca"",,, of stranding or desiccation by osmoSIS wltcn waters reach a salinity of 130 10 

160%0 a,; observed tn Ysterfontem (Davis. 1981). With the first rains. the surviving individuals 

reproduce at a high rate. I: ,·elllricoslJ is one of the !11OiSt resilient g"dStropods to change,; lfl 

... linity and water awilabiltty . 

.... I\u'"" 6.1' T()1Ifichw '''!nIriC05a. Tbo large specimen is 
opproximately 3mminiell£lh(SMG). 

Da'ls (1981) identified T. '·enlrico8a dunng two field expeditions in the Western C.p" during 

1977 and 1978. Some of the field sites where he collected T ,·entr;cosa include Ysterfontein 

(Sw.rtland), RhenoslerJ,;op (Agulha,;), Rondcpan (Agulhas). Langcpan (A)l;ulhas). and a number 

of other small pan,; and ,;!reams in the region. 

Smith (2000) Jiuwi"" identified modem individua\,; of (he same species in many of the Darling 

pans. She recognized a strong enough correlation between the pre"""ce of T. vemricosIJ and the 
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CII.r/IT 6: Chrono/w QUeatures 

pan chemi,try to usc lheir occurrence as a distinguishing churacleri,lic of rer w-calJed ';maIl 

brackish 10 saline inland pan" (2-64 glkg total dis<olved ,alt. equivalent to 2-64%.). Pans of 

higher ,alinity. 'small brine pans' (loS-531 gIlg tOla! dissolved salt). were dctritrentalto T. 

This enviromncmal ooaptation i, not a recent occurrence. The modern sp""~' of Tomichia in 

Soulh Africa have been evolving since the mid-Miocene. potentially in response to increasing 

aridity (Davis, 198)). 

'The coa,tal vlcis and pans so common from YSlerfontein across the Cape 
Flat> to Agulh", hove probably had annual cycles of drying from the Pliocene 
onward. a period of about 5 million years during which T \'~,,'ricosa and T. 
Iri,fis becatre adjus~d to their current ocological ,illlatiOlls." 

(Davis, 19S1. p.237) 

Besides excessiye aridity nnd th~ re,uilJJlt salinity. calcium availability and the action, of !",ople 

are the higge,t limiting fa-tors 00 the distribution of Tomichia. In lenn, of calcium deficiency. 

Tomichia hahitat> are limited 10 a series of thio coa>!al strips. characteri7~d by calcrete deposits. 

Dcu;mental human interference includes pollution of all kinds a> well as the disruption of oiltural 

hydrological cycl~s hy, for example. the TID<lification of pat\l; for sal! works. 

6.3.2 CLIMATE IM P LICATIONS 

The,e ga.,tropod shells can be u'<Cd as climate indicators in a "umber of way,. On th e coarscst 

leyeL the type and degree of physkal weathering is indicauve of the age and treatm;;nt of the 

,hell. When living. the ,hells are an orange colour. but with post-humus ~tching or bleachiog they 

fude to a grey-white. There i, ,dso recrystalliMtion evideot on some ;hells. Shells from deeper 

levcls (Figure 6.5) were rm,tly fragmented and smaller than the more robust samples from the 

modern shoreline (Figure 6.2). It is not evident from in,pcction of the shells whether the snails 

moyed themselve, or were hlown hy the wind to their current position. In the caSe of mJIine 

mollusc, in a shifiing co",!al dunefield.lllenberger and Verhagen (1990) commcntL>{[ that it take, 

thousands of years for an average mollu>c to he broken to lrnm diameter frngment>. From an 

initial m:\Cm-,caJc pcT!.pecthe, the VodYlei sh~ns look either older or more roughly treated since 

lhe death of the organism. 

[( is also clear from modern studie, that T. L'entr-icosil p,-efc" particular condition,. Although they 

are flexible habitants of a range of environments, they are most prolific in pans during brac~i,h to 

fresh wat~r-full condilions. Large populations of T. ventricosil in the record can he inre'1'rNed, 

then, as nn re humid period' '" hen pan basin' retnin~d ,tanding water Ihroughout the year, a, they 

Q>"t~rr 6: Chro,.,>/ogy offrature< 

pan chemiMry to use 1heir occurrence a, a distinguIShing churacleri,lIc of her so-called ';mall 

brackish to "line inland pan' 12-64 glkg t()tal di,,()Jved ,rut. equivalent to 2-M9!'ol. Pan, ()f 

higher 'alinity. 'small b<ltIe pan, (]68-53\ gll.g total dbwlvcd salt). were dctrimmtalto T. 

wmr;w,'u pr()pagation. 

Thi, environmental ooaptation j, not a recent occurrence, The rmdern 'peeie, of Tom;{"hia in 

SOUlh Afri"" haw beffi e\'Ol~ing sin,r the mid-Miocene. potentially in response to inc",asing 

aridity (Davis. 198)). 

'The coa,tal vlcis and pms so common from YS1erfontein across 1he Cape 
Flat> to Agulha, bve prohahly had annual ,)des of drying from the Pliocel>e 
()nward. a Jl<'rioJ of about 5 milJi(}n ycan; during which T. ,,~,,'rico;a and T. 
'r;,.,is became adjusted 10 thel r cUlT"<'nt ocological ,imations." 

(Davis. 1981. 1'.237) 

Besides exccssive aridity and th~ re,ultant salinity , calcium availability and too action, ()f people 

are the higge,t limiting f",t(}fs lJn the distribution of Tomichia. In lenn, ()f calcium deficicncy, 

Tomi{"hia hahita!> are limited to a series of thin coa!.fal strips. characteri7ed by calcrete ocpmits. 

[)ctnmemal human interference include:< pollution of all killds & wcll as the disrupti(}n of natural 

hydrological cycles hy, for example. the rrndi/ication of pans for salt wOIb. 

6.3.2. CLIMATE IMPUCATlONS 

The,~ ga.,tropod shells can be u'<Cd as climate indicators in a "u~r ()f wa}" On th e coarse<\ 

level. too t)'p<" and de~e "f physical weathcring is indieauv~ of th ~ age alld treatrt=t of the 

,hell. When living. the ""dIs are an (}range coloor. but with poSl'/lUmus dching or blcoching they 

fade to a grey-whik There i, ,dso recrystalliMti(}n cvident on S(JJllC shells. Shells from deepeT 

lcvels (Figure 6.5) were Im,lly fragmented and smaller than the more robust sarq:>lcs from the 

modern shor~line (Figure 6.2) . 11 is nol evident frum inspection of the shells whcther the ,nails 

lllOV,;d themsel\'~, or were hlowu hy the wind t(} their current position. In the case of mJIiue 

molluscs in a shitimg co",tal dunelield. Illenberger and Verhagen (1990) ,orrtJIW;;ntoo that it tak~., 

thousands of )'Curs for an avera.ge mollu>c t() be hwken to lrnm diameter fragment>. From an 

initial macro->caJc ~pecthe. the Vodv\el <hdls look e ither ()l&r or more roughly treated sincr 

lhe death of the organism. 

l! is al,o clcar from modern s(udie, that T, L'entriC05l1 prefer> panicuJar condition,. Although they 

are fle"ibJc habitants of a rnngc of cm·ironmcTlls. they are most prohfic in p.>ns durmg bracki,h tlJ 

fresh wat~r-full coodili()ns, Large popu)anons of T. ventricasa in the reL-ord can be interpreted, 

then. as nn rc humid pcrio<h "hen pM basin' retained Sianding water lhrough()U{ the year, as I hey 
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do ~urrent1y. In Au.tralia, accumulations of J similar gastropod, Coxiella, has ocm u>cd as an 

ildication of arid p<:riod, in lunette! (Bowler, 1983). 

Figure 6.2: 3Jmpl~ "lodem Shoreline 

~j:ure ~.4: 301l1ple DVlO Fi ~ure 6.5: Samp le VI/; 

6.3.3 RADIOCARBO~ DATl~C 

rhe most quantitative Quaternary mdhou Ii,r dating these gastropods is the radiocarbon 

analysis "r the l-'C !ound in the calcite of their shells_ Four sampl~s w~r~ dated at th~ 

National Ckean Sciences Accelerator Mass Spectr01net~1' Facility (l\OSAMS) at the 

WOO<1s Hole Oceanographic Institution (WHOI) in WO"I" Hole, MA, USA. 

C/"mla 6' Ul'!mvinv "Uilll"m 

do ~urrent1y, In Au.tralia, accumulations of J similar gastropod, Coxiel/a, has ocm u,;cJ as an 

i 'lJicatioll of and p:.;nod, In luncl\es (Buwler, 1983). 

Figure 6.2: Sampl~ "looem Shoreli"e 

Fi~ure 6.5: S.mplc VI.6 

6.3.3 RADIOCARBO~ DAIl~C 

rhe most quantitative Quaternary mdhou lilr dating these gastropods is the radiocarbon 

analj'llis of the ]·,C !ound in the calcite of their shells_ FoUT sampl~s w~r~ dated a! !h~ 

National Ckean Sciences '!"cceler.1!or Ma>& Spectr01net~l' Facility (l\OSAMS) at the 

WOO<1s Hole Oceanographic Institution (WHOl) in WOOl" Hole, MA, USA, 



Univ
ers

ity
 of

  C
ap

e T
ow

n

Chr>ptf' 6: Chronology offea/ure. 

The aulhor performed the sample preparation. namely sonnicating the ,ample ,hells in 

milli-Q wOller to clean them thoroughly, removing any residual soils from the shell coils. 

Because of the thinness of the shells. lhey were not etched in dilute acid to clean them 

further. They were dried in an oven at 50"C and homogenized before an analysahle 

sample was separated. The shells were homogeni~ed to reduce error re,ulting from age 

differences between individuals. Even on modern shorelines, individu~l molluscs display 

age differences as greal as 500 years. In order to measure this potential source of error, 

one modem sample from the shoreline of Droevlei East was analysed. By crushing three 

individuals from each sample into a carbonate {Xlwder, this individual age variabilily was 

rrRlIed as much as practically possihle. The slaff of NOSAMS lhen hydrolysed the 

resultant carbonate in a vacuum and combusted the carbon dioxide produced over an iron 

catalyst to form graphite. This graphite was then pressed into target, and run throngh lhe 

AMS. 

Taltte 6.2: Radiocarbon Analysi, ",suit, 

NOSAMS SUbmiaS iOll d13C 
F Modern Fm Error ". ". D14C 

Acoouion' I. bel (per mil) (yrs) Error 

as· ~0G23 M",sp',n ~h:"p.linp. "L07 , 1210 O.C() 52 A/r,:1 '" OS- 1Ei024 DV:; 7.29 8%63 O.~()4 ', ?7'o 35 -J9.e 

OS- 36G25 UV;O -7.~3 J.4JJ' JC()24 7~"'~ ,,!::. -W?"-
OS- 16G?(} '" -5 .75 J.2eJ2 8.'J024 10158 "' -712.5 

The reported age of the sampl~' in Tobte 6.2 includes a correction for naturat fraclionation Ihat 

was based (m the "",a,ured valuc> of OC13. NOSAMS cakulate.s the totat error margin for the 

sample processing. AMS inst;lbilily. and this correction ;lI 0.48% (hnp:/lnosam, .whoLoou/). 

Other sources of error are di~us;oo later in this ch"-pt~r. 

The radiocarbon Olgt" "~re cal i braled wing a number of programs (Table 6.3) hUI the date, from 

CALIB are the primary daws cil~d because the simple form;lt of lhe program produces Olgt's Ihat 

are in accord with the CPther programs. Tilt' ages do fall within the range C'alculaled Ihrough other 

calibr.uion programs. 

The author perfomJe<l the sample preparation, namely sonnicating the ,ample ,hells in 

milli-Q water to elean them thoroughly, removing any residual soils from the shell coils. 

Because of the thinness of the shell,. they were not etched in dilute acid to dean them 

funhn They WCIl: dried in an oven at 50"C and homogenized before an analysable 

sample was separated. Thc shells were homogeni~ed to reduce error re,ul\ing from age 

differences between indivi<,luals. Even on modern shorelines, mdividllil mollllses di~play 

age differences as great as .500 years. In order to measure this jXlteutial ~ollrce of error, 

one modem sample from the shordine of Droev1ci East was anilysed. By crushing three 

individuah from each sample into a carbonate jXlwder, this individual age variability was 

muted a~ much a~ practically possible. The ~taff of NOSAMS then hydrolysed the 

resultant carbonate in a vacuum and combusted lhe carbon dioxide produced over an iron 

catalyst to form graphite. This graphite was then pll:sscd into targets and run through the 

AMS. 

TaltJe 6.2: Radiocarbon Analysi, ",suit, 

noSAMS .. - dne ,""""" "mEtrO!" ... ... 014C Ac¢ll'$t.iOn • .... (pwmiJ) ",., .. -
OS· ~0G23 M",i<'lrn ~h:"Alin~ "LB7 , 1210 O.O()52 A/r,j '" OS- 16B24 DV:; 7.29 8%63 O.~()4', ?7'o 35 -J\)_U 

OS- 36G25 uv;o -7.~3 J.4JJ; J.O()24 7~'6~ ,)(. -W?"-
OS- 16(;/6 '" -5.75 J.2UJ2 8.0024 10158 "' -71P..~ 

TIle reported age of lhe sampl~! in Table 6.2 includes a co""ction for natural fractionation that 

was based on the ,""asured valws of &en. NOSAMS cakulat~ the total ~rror margin For the 

'-'Imple proussing, AMS instability. and thi. co""ction ;l.I 0.48% (hnp://nosams.whoLc'<iu/). 

OIher source. of error are di".;u,;,.'<i later in this ch;:r.pt~r. 

The rnuiocarOOn "*', W~r~ cal ibrated wi"g a num~r of progr.1m< (Tabl~ 6.3) hut the dat~' from 

CALlll are the primary <laws cikd becaus~ lhe simple form,,! of lhe program produces ;lgt'S thal 

are in occorJ with the "'her program,. The ages do fall within the range ~lculateJ Ihrough O1~r 

calibr.uion programs. 
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Chapta 6: CI"'m"iog~ o[(ealures 

Table 603: Relative CALJB calibrated ,ge , of samples (Sruiver, 19931, 

_ .,..." _ .... -., ••. ,,," (". . ,' , ..... ""'" "nl" ,,' ,'''' ,' J<'O __ 

os- 36623 ±114BP 

os- 36624 27.'i±35BP 

OS- 36625 7360±50BP 

15lXOCalBC 500XalBC CalBClCaIAD 

Calibral"d dale 

To avoid confusion, 100 calibratoo date is reported in regard to I and 2 ,igma (til variation, 68% 

and 95% cont"odcncc level respectively (Talma and Vogel, 1993). Bccau<;c the radio<'artxm i, from 

th" s[)uthem oomi'poore, a [urtber 41 +/- 5 year, mmt be added to the calibrated dates (Vogel et 

al., 1993). 

Table /;.4: C,iibrmioll of rn(iiocaroo" ,,~,,_ See "rp,,,,dix A for more del,ii 

-,-----, 
CALIII:-_~ni._t' ~1 Wosl1 iny1<><t OXCAL· O.l_,,<:d_~_nl ..... ity 

"""" "d I " ,,, ""'" I C.llb,Ol." 1 .;g-". 2 019"'" 1 .Jgm. ~ "-'TOO 
.~ ,~ {mo.· min) {m .. __ min) (m" _ mini {mu - min) 

1·.b·I",~ 
;~~..t-114 Sc.orolr 0 "' 2S5-0BP 291-0BP 70· _ .. BP 2\lO- , .. BP 

D',,-' '275.1_ 35 ~"" 4:>0· a.4 BP 433· 157BP 81-331 BP 511 - 201 BP 

DIiW 7360 .1- 50 173 BP 6187 -!IOS5 BP 8327 - 002S BP 200 - 604{J BP 6330 - 0020 BP 

11~_ 11863_ 
lib 10150 +I-~5 11746,11713, 12I::m-11577b" 1231B-I'343BP 12000-II400BP 12350·11 300 RP 

11 roo BP 

6.3.4 SOURCES OF ERROR 

There arC a number of potential problcms with using thesc gastropods a, indicators of 

climate or timing of dune-bui lding phases_ 

FirSlly. T. wntrico:<a burrow as a ,urvival 'trategy. The aUlhor could find no research to indicate 

the eAten! of their burrowing. although bearing in mind the intent - to roach w~ter 'cdimotH 

hen~ath th~ ,urfJcial crust - it is likely to be oa the order of only 10 cm_ Th~ hurrowing behaviour 

could moat) that shells arc yOllnger than the scciimet)t' from which they "ere collocted, Shells 

have he>en di;;covered c~ated into calcrete aeolianites in AgulhlL'. lhe product of a long­

standiag proce,,_ If the ga,tropod, are burr[)wing ext~n~ively, they have been doing it for a while_ 

Chapta 6: CI",~",io;:~ pf(ru/u,es 

Table 6.3: Relative CALlB calibcated 'ge, ohampJes (SIDlver. 1993), 

_."",._--. -'- , .... " ,,,. ."" _ ...... ""'"". """'---
os- 36623 ±114BP 

os- 36624 27.'i±35BP 

05- 36625 7360±50BP 
, , 

05-36626 IOI5O±{i,.. 

15lXOCalBC SOOXaIBC' CalBClCalAD 

Calibrated dale 

To avoid coofusioo. lhe calibratoo date is reponoo ill regard to I and 2 ,igma (<I) varialioll, 68% 

and 95% contidcncc level respectively (Talma and Vogel, 1993). Bccau<;c the radiocarll<m i, from 

tOO <outhem hemi'phere, a [unher 41 +/- 5 yean. mmt be added to the calibrated dates (Vogel ef 

al., 1993). 

Table /;.4: ('"i,i:>ra,joll 01' rn(ijocarOOll "~,,_ See "l'f"'"di, " for rn<lre del,r i 

.... · 'f··'· ·· ,·· ·""· ·· .... ,·"·, .... .,·, ...... , 

2 ot;,... 1 ol!f'n.o 1 "-
(m .. _. ",ifl) ,1m .. _ min) 1"'- - min) 

F'i __ ~nr..-., 01 W..rn..pn 

"ol",,,/bofl I Call!>,""'" \..",.. 
.\10' "II"' (mILl • """1 

1'.1<.1"<:1 
C>Mod+l- 11~ 

SCtcrolr c "' 255'OBP 291-0BP 7Q· _ .. ElP 2\iI(l - .. . BP 

D',"" '275.1_35 "' 
4:>0· _ BP 433"57BP a'-J;J1 BP 511 - 201 Ell' 

DIiW 7360 >/- 50 173 BP ~1B7 -!IOS5 BP 8327 - IlO:l5 !lP 00 -1lOW BP B33(l- 002{l BP 

"8W,11863, 
lib 10150+I-~5 11U6, 11713, 12O\l1-115T7b" 123H-I'343BP 12000-11400ElP 12350,"3OJRP 

11 tOO BP 

6.3.4 SOURCES OF ERROR 

There are a Ilumber of potelltial problems with using these gastropods a, indicators of 

cJ imate or timing of dune-bui lding phases_ 

Firstly, T. n;ntrico:ia burrow as a ,urI'iv"1 'trategy. The author could find no research to jndicate 

the eAten! of th~JT burrowing. although bearing in mmd the intent - to roach w~ter 'cdiJOCIJ{ 

heneath the .utftcial crust - it is likely to be oa the order of ooly 10 cm_ The hurrowing behaviour 

could lOCall (hat shells arc younger than (he .'iCdimcllI' from which (hey "~re collocted, Shell, 

have OOen d;,;covered c~med into cakTet~ aoolianires in Agulhas, the produc( of a long­

sUlnding proce,,_ If the glI,tropod, are oorr"wjng eXlen~ively. (hey hdve been doillg it for a while_ 

n 
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Chapter 6: Chronolos:y of(eatures 

Burrowing gastropods, notwithstanding, would yield apparent young radiocarbon ages, although 

should retain relative ages between dates. 

In regards to this also, there is the question of taphonomy. Some vagueness exists as to the means 

by which the gastropods arrived at their current position. Based on the fixed nature of lunette 

dunes and the current topography, it is unlikely that the layers the shells were extracted from 

represent a former shoreline. Additionally, the texture of the surrounding sediments is not that of 

a shoreline. The gastropods must have moved from the shoreline of the pan to the dune crest. It is 

unlikely that the snails moved themselves that distance from their water sources while alive- tens 

of meters at least horizontally- so it is reasonable to assume that the shells were deflated to the 

dune along with other sediment after the death of the gastropod and desiccation of the shells. 

Burrowing is less of a concern then, unless the gastropods were deflated while alive and then 

burrowed into the dune crest. Gastropods found in Australian lunettes were assumed to be the 

product of aeolian transport from the pans (Bowler, 1983). No shells were found in modern dune­

crest sediments. Although the shells do not show clear evidence of aeolian transport, a shell 

which survives intact when buried under meters of sediment for several thousand years, can surely 

survive a few tens of meters of deflation without major damage. 

Nevertheless, the shell calcite is relatively fragile and susceptible to post-depositional chemical 

weathering. There is slight evidence of physical weathering and fragmentation (see Figures 6.1-

6.4). The variation in CI3 isotopes (Table 6.2), however, does not show an age relationship 

indicative of isotopic fractionation and chemical weathering with time. Namely, the Cl3 isotopes 

are not getting progressively more or less concentrated with age. 

Finally, a source of error when determining authenticity of all radiocarbon ages is the 

consideration of the reservoir effect, the result of radiocarbon-dead carbonate from which a 

specimen derives its carbon. Gastropods make the calcite of their shells by incorporating carbon 

from their food sources. T. ventricosa eats algae which derives its carbon from atmospheric CO2• 

The carbon in gastropod shells is then ultimately modern atmospheric CO2 (oc13
:: 0%0). As stated 

in Davis (1981) the distribution of T. ventricosa is limited by carbonate distribution, mainly in the 

form of calcrete. It is possible that some of this carbon is incorporated into shell production via 

dissolution in bicarbonate-rich waters (OC 13
:: -7%0 which at equilibrium conditions with the 

atmosphere yields a oCI3:: 0%0) and uptake in algae. This carbon, derived from carbonate-rich 

rock (OC13 
:::::: -20%0), is radiocarbon dead. The measured oCD values from to -7%0 indicate a 

primarily atmospheric source with some rock-input. Also, the dates obtained do not indicate a 

dead-carbon reservoir effect from calcrete influence. It is concluded, then, that the question of a 

reservoir effect is not a primary concern for this particular environment. 
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Chapter 6: Chronoios:y offeatures 

Bearing these sources of error in mind, the ages of modern, 306 BP, 8173 BP, and between 11700 

and 11893 BP are reasonable. Major concerns of burrowing would indicate a youngest age, at 

best, still a useful marker for measuring the timing of these features, with a stratigraphic age 

relationship intact. 

The evidence informing the pan-lunette ages in either region is conflicting. An age-relationship 

representative of the whole cluster must be supported by regional as well as local evidence, should 

the two selected features be irregular in their cluster. The Swartland cluster appears younger than 

Agulhas on account of its higher elevation and the finer texture but more highly weathered clay 

mineralogy of the Droevlei East lunette. The larger, more dissected features at Agulhas 

morphometrically support the seniority of that cluster. The physical and isotopic evidence from 

the gastropods indicate an older Agulhas cluster. As with all quantitative methods more ages 

would be useful, but with the support of age calculations performed in other studies, the 

radiocarbon chronology can be defended with confidence. The contradictory evidence 

corresponds to the quantified ages if the weathering in the Swartland is interpreted as a product of 

humidity and parent material rather than time, and altitudinal surfaces are recognized as just one 

of many potential factors impacting on pan-lunette formation. 

In conclusion, regional and local evidence supports significantly earlier activity at Agulhas than in 

the Swartland. Synchronous dune-building periods have not been identified, but there are clearly 

differences in the factors affecting the formation of the features in either region. In the final 

chapter, an attempt is made to identify corresponding and reinforcing activity from the Quaternary 

record on either coast and in the southwestern Cape in general. 
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Chapter 7: Discussion and Conclusion 

7.1 EVIDENCE FROM PAN-LUNETTE FEATURES IN THE SOUTHWESTERN 
CAPE 

The evidence collected and discussed throughout this dissertation, presented more concisely below, 

can be interpreted to yield information regarding environments that fostered the formation of the pan­

lunette features, the actual process of formation of these features, the treatment since formation, and 

the timing of formation. 

7.1.1 DUNE ORIENTATION 

The orientations of the lunettes are parallel within each cluster, indicating that the features were 

formed under the same wind regime. The lunettes at Agulhas are oriented, on average (mean), at 094 

degrees with a standard deviation of 4.5 degrees (1.2%) (Figure 4.7, Table 4.5». ill the Swartland, the 

lunettes are oriented at 004 degrees with 5.4 degrees of standard deviation 0.5%) between orientations 

(Figure 4.8, Table 4.4). 

The lunettes formed perpendicular to dry season palaeowinds. The reported lunette orientations are 

equivalent to propagating wind directions. Although the modern dry season winds in both clusters 

continue to represent the strongest winds and the least calms of the annual record, they are not from 

the same direction as the winds that constructed the lunettes. The Agulhas cluster was built by winds 

blowing from a resolved direction of 274 degrees, 33% or 119 degrees west of the resolved current dry 

season wind direction of 154 degrees (Table 4.5). The cluster in the Swartland was built by winds 

blowing from a resolved direction of 184 degrees, 40 degrees south (11 %) of the resolved current dry 

season wind direction of 224 degrees (Table 4.4). 

ill the case of Agulhas. the palaeowinds predicted by the lunette orientations are most similar to the 

winds that currently blow during September, at the end of the modern wet season. Throughout the wet 

season (May-August), winds blow from the west, but with a more northerly component than the winds 

that produced the lunettes (WNW rather than WSW). This difference could indicate a change in 

seasonality of rainfall or a change in wind direction determined by sea-surface temperature anomalies. 

ill the Swartiand, the current January winds are actually the closest fit of the monthly averages with 

the winds expected for dune-building purposes. A very similar SSW wind regime persists for the drier 
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Chapter 7: Discussion and Conclusion 

six months of the year, from October through April. The dune-fonning wind was nearer to due south 

than the current SSW orientation. This slight shift in wind direction may have ties with sea-surface 

temperature anomalies caused by Benguela upwelling patterns. 

7.1.2 DUNE COMPOSITION 

Using the composition of the pan-lunette features, the formational history of the features can be 

inferred. As explained in Chapter Five, a single feature at each cluster was chosen as representative of 

the whole cluster for the purposes of elucidating formational history. 

7.1.2a Fonnation of pans 

Before a lunette forms, a pan must exist. In other parts of South Africa, pans tend to form on soft 

sediments that are prone to weathering such as shales and unconsolidated sands. The pans of the 

southwestern Cape present only two exceptions to this rule of thumb, in the granite-based pans of the 

Swartland cluster. Smith (2000) hypothesized that the Swartland cluster filled topographic lows, 

relicts of the historically transient Brak River that continues to flow ephemerally along the northeast 

trending cluster of pans (Figure 2.9). The Agulhas cluster, likewise, occurs on a flat river perforated 

plain. The Agulhas pans also probably formed in topographic lows along palaeo-river courses on 

suitable sand and shale substrates. Many of the pans are still linked, receiving water input from the 

Nuwejaars River (Figure 2.6). Unlike the Swartland cluster, the Agulhas pan morphologies appear to 

be related to underlying substrate. 

7.1.2h Source of sediments 

In order for a lunette to form, the pan must exhibit a saline environment, amplified by seasonal 

flooding and evaporation, and a hot dry season that is characterised by strong unidirectional winds 

(Bowler, 1973). All of these requirements are homogeneous regionally, with the exception of the 

salinity of the pan environment. 

Approximately half the pans at both clusters have an associated lunette (Table 4.3). It is not, however, 

solely the brine pans, the saltiest pans of the Swartland cluster (Smith, 20(0), that form lunettes, nor is 

there a strong correlation between underlying substrate and the formation of a lunette. Although it is 

undetennined if the salinity is regionally characteristic, the sediment at Voelvlei is twice as salty as at 

Droevlei East. Nevertheless, pans are no more common at Agulhas than in the Swartland. Pans of all 

sizes also exhibit lunettes. It is unclear why only half the pans have an associated lunette. 
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Chapter 7: Discussion and Conclusion 

In Agulhas there is a strong positive correlation between dune size and pan height, indicating that the 

lunette sediment is actually derived from the pan basin (Figure 4.2). The pans without lunettes were 

included in this correlation revealing a trend that smaller pans, in Agulhas at least, are less likely to 

exhibit an associated lunette. The Swartland cluster, smaller pans throughout, does not exhibit the 

same correlation between pan size and dune height; in fact there is almost no correlation (Figure 4.4). 

Although the pans in the Swartland are generally smaller than the Agulhas pans, the lunettes produced 

are nearly the same elevation (Table 4.3). Overall, there is not a clear relationship recognized here to 

explain the occurrence or absence of a pan-side lunette. 

Despite the discrepancies in pan-lunette size correlations at either site, it is expected that the sediment 

within the lunette dune will be the product of the substrate hosting the pan. This expectation was 

confirmed with mineralogical analyses. The mineralogical composition of the lunette begins to 

elucidate the formational process and age of the lunette by revealing relatively unaltered parent 

material or a weathering product of that material. 

The mineralogy of the clay-size fraction of the lunette sediments at either site supports a predominant 

parent-material source with different extents of subsequent weathering. Voelvlei, on shale in the 

Agulhas cluster, is primarily composed of mica (64% mean) (Figure 5.24). In the Swartland cluster, 

Droevlei East, underlain by granite, exhibits a kaolinite-dominated mineralogy (56% mean), 

comprising from 32% to 77% kaolinite (Figure 5.25). Mica, the primary weathering product of 

granite, is the second most prominent mineral (28% mean). This clay mineralogy at Droevlei East 

indicates more extensive weathering than at Voelvlei. The non-systematic constituents such as 

smectite and calcite at depth indicate parent material variability or remineralization processes. There 

is not a regular depth relationship with these mineralogies. 

The sand fraction in the sediments, likewise, is a product of the host substrate. The sand fraction 

composes less than 50 % of the sediment in most cases, and is a result of wetter, more beach-like 

environments in the pan. The history of these grains was discussed in Figure 5.12 and associated text 

where the sorting statistics support the argument of a beach source. The non-systematic sandiness at 

DV5, 1.1 m depth in Droevlei East (Figure 5.25), for example, indicates a distinctly wetter period. 

7.1.2c Movement of sediments 

Based on textural analyses, it can be established that the lunette features are, indeed, the product of 

aeolian processes. With the exception of samples taken at the shoreline, the sediments in Droevlei 

East are on average 72% fine-grained, placing the dune in a textural characterisation ranging from silt 

loam to clay loam (Figure 5.9). Voelvlei sediments are coarser, 53% fine-grained on average, ranging 

in textural characterisation from sandy loam to clay loam to clay (Figure 5.10). In recent years, the 
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Chapter 7: Discussion and Conclusion 

Agulhas cluster has been subjected to higher winds than the Swartland cluster (annual averages of 4.57 

mls versus 2.64 mls since 1990 according to SA Weather Service records). The pedogenic extension 

of this trend, a product of oceanic activity, to the period of dune propagation, could explain, to a 

reasonable extent, the coarser texture at Voelvlei. 

The settling column statistics (Figure 5.14) may reveal the more complicated history of the lunette 

sediments, as the grains likely did experience a beach-like environment in the pan before being 

deflated by aeolian transport to the dune. 

7.t.2d Deposition 

The processes involved in the deposition and actual dune building of the pan-lunette formation may be 

the most difficult to separate and identify. 

The textural similarities, at least, indicates that these dunes have accreted in a series of parallel beds as 

is diagnostic in clay dunes (Bowler, 1973). Agricultural and natural surface processes may have 

contributed to the similarities between the shallower samples taken from multiple sites on the same 

dune. The differences at depths over around 1.5 m are likely products of post-depositional weathering, 

where more easily weathered clay minerals have remineralized after being leached from overlying 

sediments. 

Based on the dates obtained at various stratigraphic levels in Voelvlei lunette (section 7.1.3), it is 

evident that either the lunette has not been growing at a constant rate or it experienced major periods 

of erosion. The lunette has clearly experienced recent erosion as a product of high water: the front 

face of the dune now displays an eroded cliff at the pan shore. The only evidence for large-scale 

erosion across the top of the dune lies in its fragmented morphology. Quantifying the actual rate of 

dune building is not feasible. 

Determining the environmental conditions based on characteristics of sediments in each sample is very 

difficult, in part, on account of this lack of knowledge about the depositional history. The 

development of a palaeosol (as will be discussed in 7.1.4) is one exception. Generally, it can be 

assumed that lunettes were forming when conditions were arid, but not too arid. Based on 

morphology, these conditions occurred when the wind was blowing from certain distinct directions. 

Layers rich in T. ventricosa indicate the occurrence and subsequent end to humid pan-full conditions 

when increased aridity caused mass extinctions of previously successful T. ventricosa populations and 

the ensuing desiccation of shorelines and pan-floors permitted deflation of the shells. Similarly, peaks 

in the organic matter content (if such were prominent) could indicate humid periods of stability. 

Instead, fairly stable levels of organic matter may be the product of the constant deposition of organic 
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Chapter 7: Discussion and Conclusion 

matter from soils existing elsewhere. This explanation would indicate a larger input of organic matter 

in the Swartland cluster. 

The possibility of multiple periods of dune building recorded in double lunettes does exist for these 

sites. However, there is not adequate information at this stage to establish the implications of the 

morphology. More detailed sedimentology and profiling are necessary, as well as an explanation for 

the different morphologies at different pans (i.e. the lack of double lunettes at most features). 

7.1.2e Post-depositional weathering 

Once soil has formed on in situ sediments, complications arise in distinguishing diagenic versus 

pedagenic traits. Soil characteristics discussed below indicate weak pedogenic traits and no 

diagenesis. The characteristics of the sediments are determined by parent material and treatment 

during transport. The one real exception to this characterization is the redistribution of some clays 

through the profile. The prominence of kaolinite in Droevlei East also raises questions regarding its 

source as a primary or secondary weathering product; because shales weather directly to kaolinite, 

however, it is likely to be the direct result of that process. 

The soil processes mentioned in Chapter Five have been recognized in these sediments as follows: 

• chemical weathering 

Carbonate hydrolysis does appear to be taking place at Droevlei East where pH is high (Figure 5.18) 

and varies parallel to calcium carbonate levels (Figure 5.17). Additionally, based on the inverse 

relationship of pH and kaolinite (Figure 5.27) there, the kaolinite may be a pH-dependant weathering 

product. Further investigation into the likelihood that the kaolinite is a secondary weathering product 

of 2:1 clay minerals (Figure 5.29) is largely inconclusive, but possible based on mineralogic 

proportions. 

• downward leaching of soluble minerals, including weathering products 

There is no clear depth relationship with the extent of weathering in clay-size minerals (Figure 5.25). 

Kaolinite, the most heavily weathered mineral present in these samples, fluctuates throughout and 

calcite, the least weathered mineral present, appears only at 1.45 m depth in Droevlei East, comprising 

25% of the mineralogy there. Additionally, feldspar, a relatively unweathered mineral, only appears at 

1.5m depth in Voelvlei. The occurrence of these two minerals does support the theory of a leached 

profile with remineralization of the leachate occurring at depth. 

• precipitation of soluble salts in near-surface horizons because of evaporation 

Salt content, as measured with conductivity, is twice as high at Voelvlei (Figure 5.19) than at Droevlei 

East (Figure 5.15). At Voelvlei, salt content increases regularly with the associated clay content at 

depth (Figure 5.20). At Droevlei East, clay (Figure 5.16) and salt content are not as neatly correlated. 

There are a number of spikes in the regularly increasing clay content at depth that are not matched by 
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Chapter 7: Discussion and Conclusion 

the salt content. At 4.5 m (DUO), the basal sample, the salt content spikes dramatically, 

unaccompanied by clay content. This is the result of groundwater salt precipitation, as the sampled 

depth is actually below the level of the pan floor. There are no clear near-surface evaporative salt 

horizons at either dune. 

• incorporation of decomposing organic matter 

Organic matter at Voelvlei occurs at low levels, never composing more than 10% by mass (Figure 

5.21). However at Droevlei East, organic content fluctuates between 15-20% in accord with carbonate 

and pH, a measure of its degree of incorporation into the sediment (Figure 5.17). 

• disturbance of soils (by biological or physical processes) 

There is evidence of human disturbance in the top half-meter from ploughing. 

• downward movement (eluviation) of clay and redeposition (illuviation) 

The clay fraction does increase with depth in both lunettes analysed, although there is a reversal of 

trends at roughly 1.5 m (Figures 5.11 and 5.12). Clay proportion in sediments is a product of depth 

from surface rather than overall depth within the dune, indicative of post-depositional processes of 

eluviation and illuviation, likely resulting from more humid conditions in recent times. This 

coarsening pattern towards the surface could also be interpreted as evidence of increasingly strong 

winds in the present, but such a regular trend is more likely the result of eluviation and iBuviation. 

There is no apparent correlation between depth and the actual mineralogical content of the clay 

fraction (Figures 5.24 and 5.25). The process of downward movement and redeposition of materials 

within the profile is supported by the above-mentioned remineralized calcite and feldspar. Because 

there were no truly basal samples obtained in this study, it is impossible to make a detailed comparison 

of parent material with overlying clay. 

• reduction of brown, yellow or ferric iron minerals to more soluble grey ferrous compounds m 

waterlogged conditions 

No evidence of such activity or such conditions. 

7.1.3 DUNE TIMING 

Based on the radiocarbon dates discussed in Chapter Six, the lunette at Droevlei East was initiated 

around 8000 BP. By 300 BP the lunette was 2 m high and, by the present, 4.5 m. This chronology 

either represents variable rates of erosion, or, more markedly, a depositional hiatus, likely caused by 

more humid conditions. Based on these ages, the dune at Droevlei East may have been initiated 

during an arid Holocene altithermal. 

It has been argued that the Swartland pans are progressively younger to the south of the cluster (Smith, 

2001). Data investigated here neither supports nor negates this possibility. Pans throughout the 

cluster bear associated lunettes. 
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Chapter 7: Discussion and Conclusion 

Over approximately the past 12 000 years, the lunette at Voelvlei has grown 1.5 m in height. Overall, 

the dune stands approximately 8.5 m above the pan floor, thus representing a substantially older period 

of initiation. The age of lunette initiation is not quantifiable with the current information. The active 

dune building period identified at Die Kelders between 24 000 BP and 12 000 BP could potentially 

coincide with the initiation of the Voelvlei lunette, although it is more likely to have been initiated 

previously, but developed further during that period (Tankard and Schwitzer, 1976). 

Based on other ages obtained in dunes in the Agulhas cluster, there appear to be dramatic differences 

in age of features within the cluster; analyses from similar depths in Soutpan yield dates up to 90 000 

BP. This observation brings to question the original assumption of uniform depositional environments 

of features in the cluster. Dune orientations of variously old dunes do remain parallel, indicating a 

long-term stability in wind direction and seasonality. 

Generally, the ages determined here and those cited by other researchers indicate that the dunes in 

Agulhas are significantly older than the dunes in the Swartland. The substantially saltier conditions at 

Voelvlei than at Droevlei East supports this age relationship between clusters based on the assumption 

that all pan-lunette features are evolving through a regular hydrologic cycle that gets saltier with age 

(Smith, 2000; Bowler, 1986). Other evidence of age, as discussed in Chapter Six, confirms this 

relationship. 

7.1.4 PALAEOSOLS 

The correct identification and even definition of a palaeosol continues to be hotly contested 

(Birkeland, 1984; Retallack, 1990; Catt, 1995). The name, at least, is most useful (Catt, 1995) when 

reverting to early definitions of a 'palaeosol' as 'a soil formed on a landscape during the geologic past' 

(Ruhe, 1956, p.441). 

Some of the commonly described characteristics of palaeosols include: organic matter-enriched A 

horizon, structure, vertical variation in coloration (oftentimes rubefaction from hematite formation) 

and illuvial clay, clay films, and carbonate accumulation morphologies in B or C horizons common in 

acidic soils (Birkeland, 1984; Retallack, 1990; Catt, 1995). 

To complicate matters further, many features ascribed to pedogenesis may also form through burial­

diagenesis. Palaeoenvironmental inferences from palaeosols have been made from the kind of soluble 

salt in profile and the depth relation of salts, the depth of clay accumulation in soils and the clay 

mineralogy (Birkeland, 1992). Significance of palaeosols in South Africa has been limited to an 

acknowledgement of their presence and a limited inference of palaeoenvironment. For interpretive 

purposes it must be remembered that soils are not permanently in equilibrium with the climate in 
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which they occur and the development of a soil horizon is by no means representative of a finite point 

in time. 

Soil development on aeolian sands has previously been interpreted as representing periods of stability 

resulting from reduced sediment supply and/or increased vegetation cover (Deacon and Lancaster, 

1988). Hills (1940) recorded successions of buried soils in longitudinal dunes and interpreted the 

formational history as soils formed during humid periods, dune building during arid phases; this work 

comprised early anticipation of cyclical climate oscillations (Bowler, 1983). Three generations of 

Holocene palaeosols in the southern Cape have been identified during 8000-7000 BP, 4850-1300 BP 

and 500 BP (Butzer and Helgren, 1972). Butzer (1984) has specifically identified one palaeosol 

horizon at Swartklip (Figure 2.8) although the one age obtained is not definitive (c.22000 BP 

radiocarbon based on a bone from Melkbosstrand). He assumed the significance of the palaeosol to be 

indicative of wetter conditions, but later assumptions highlight the possibility of sea-level regression 

fostering dune vegetation (Deacon and Lancaster, 1988). A Holocene dune cordon a few kilometres 

south of Eland's Bay exhibits a well-developed palaeosol, dated around 3000 BP and interpreted as a 

humid episode (Miller et aI., 1993). There is thus a general context of palaeosols documented in the 

palaeoenvironmental history of the southwestern Cape. 

The distinct reddish soil horizon in the Voelvlei lunette, represented by sample VL3, does exhibit a 

positive net colloid charge which indicates iron oxides, the cause of the rubefied colour, and a 

common marker of palaeosols. Besides a very distinct colour contact with surrounding layers, there is 

no clear structural difference within layer VL3. There is markedly more clay in VL3 than in the 

overlying layers, but underlying layers have roughly equivalent clay contents, indicating no clear clay 

accumulation. The clay mineralogy is indistinct from the other samples analysed from the same 

profile. There is no evidence of carbonate accumulation within the layer, but the two underlying 

layers are dramatically enriched in carbonate. This effect could partially be the result of sheH­

fragments, except the layers VL6 and VL 7 which were even more enriched in shell fragments than 

overlying layers, have a reduced carbonate content. 

The clearly rubefied nature of the horizon and potential carbonate accumulation below it provide the 

only obvious evidence to establish that the horizon is a palaeosol. Despite this, it is interpreted with 

caution as a paJaeosol. 

Based on the precision of calibrated ages available for this feature, it is impossible to determine which 

period, if any, of regional palaeosol development this soil may match up with. It is reasonable, 

considering other regional records of palaeosol development and the stratigraphic position, 0.9m 
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Chapter 7: Discussion and Conclusion 

above an age near 12000 BP, that this horizon matches up with either the humid period at 4850-1300 

BP or 8000-7000 BP recorded elsewhere. 

7.2 COMPLICATIONS 

There are a number of complications in this study that necessarily limit the conclusions attainable. 

Firstly, there is a considerable issue of scale. Because the pans at Agulhas are so much larger than the 

pans in the Swartland, processes may be dramatically affected by that characteristic alone. For 

example, Bowler (1983) established that larger dunes tend to form with a different morphology, as 

seen in these instances. Statistical analyses are problematic both for comparing the features at 

different scale and because of the limited data set. The statistics used herein must be taken with these 

limitations in mind. 

In the light of dated samples, the assumption of single features representative for the entire cluster is 

simplistic. The samples at Voelvlei and Droevlei East can only represent the features from which they 

are taken. The environmental conditions that formed each feature must still be real conditions, it is 

just unclear when and how they affected the other features in the cluster. Conclusions based on one 

sample are always weaker than those supported by parallel sets of samples. The orientation of 

lunettes, standard throughout the cluster, can be used to make regional conclusions. 

This point leads to the issue of interpretation, specifically regarding interpreting the record. These 

features represent many things besides just depositional features. Increased sedimentation coincident 

with the arrival of European colonialists in places such as Verlorenvlei (Meadows and Asmal, 1996) is 

less predictable in a substrate that might, itself, be farmed and eroded. The pan-lunette features under 

consideration here have also been heavily impacted by human practices of salt-making, wheat­

farming, and grazing stock. It must be remembered that the modem pan-lunette features represent 

dynamic systems, the product of millennia of climate change and land-use practice, much of which is 

either not recorded in the system or the cause of a mass detraction from the system. 

Another concern regards interpretations in soil science. Obtaining information on past climates from 

soils is only possible once the effects of time, the other soil forming factors, and post-burial changes 

(diagenesis) on the soil properties have been disentangled (Catt, 1995). It is for these reasons that a 

study with the main end of palaeoenvironment reconstruction considered so many apparently unrelated 

characteristics of the sediment. The relationship between soil properties and climatic factors is very 
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Chapter 7: Discussion and Conclusion 

complex. Equally complex, at least, is the estimation of the length of soil-fonning intervals. These 

complexities have been demonstrated in numerous cases in section 7.1. 

Potential sources of error from laboratory methods are discussed in Appendix A along with the 

methods themselves. 

7.3 PALAEOENVIRONMENTAL CORRELATION OF PAN-LUNETTE EVIDENCE 
WITHIN THE DATABASE OF THE SOUTHWESTERN CAPE 

"The nature of the landscape response to any climatic or hydrologic change is determined as much by 

the pre-existing conditions as by the directions and nature of that change" (Bowler, 1983. pp. 167). In 

the case of the pan-lunette features, it was the change from regionally wet to regionally dry that made 

the lunette building possible. 

This importance placed on knowing the pre-existing conditions as well as the direction of change 

makes T. ventricosa an ideal proxy, not only for its radiocarbon utility but also for the specific nature 

of its living conditions. The presence of abundant T. ventricosa shells in a lunette can be reasonably 

interpreted as the result of a period of humidity followed by an arid period (Figure 7.2, 7.3). 

Palaeosols, also, if identified successfully, can provide an indication of the change (dry going to wet 

and stable conditions) for an extended period. 

The times when the dune was growing at all are relatively arid periods, compared to modem 

conditions. The lunettes are thus the cumulative product of arid phases that were humid enough for a 

degree of seasonal flooding to promote clay flocculation. When envisaged in this way, the 

accumulation of the dunes is a product of half the record, the other half of the record potentially 

deconstructing the first. The dunes are not only the product of arid phases, but of arid phases 

characterized by winds from the appropriate direction (Figures 7.2, 7.3). 

Because there are only three absolute ages determined within the dune profile and it is impossible to 

detennine rates of accumulation, it is very difficult to correlate periods of growth at these dunes with 

other arid phases in the region. It becomes a combination of rationalized interpolation and estimation 

(see Figure 7.4). Instead of embarking too far along this path, it is more appropriate and more 

productive to speculate on the events occurring around the known dates. 

A convenient model for comparison with this study reconstructs wind direction as well as precipitation 

patterns. Sea surface temperatures decreased around 8700 and 6300 years ago, as a result, in part, of 
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increased easterly wind anomalies (Cohen, I 993). Cnhen's ocean-atmosphL>ric model (1993) indicates 

Ihat Ihese oceanic conditions are associated with increased rainfall over inlerior parts of South Africa, 

but drier c<mditions along the west coast. This theory opposes Walk",,'. (1990) in terrn~ of 

precipitation prediction,. The anomalics arc unidentilled in the Voelvlei pro/lJc, but could be the 

initiation coodilions in Droevlci East. An occlllTCnce that is more commonly cited in regi!Jllal studies. 

Ih~ Holocene altit:hennal, al", occur, dwing thi, time pcriud, Tbt: acti,;ly at Voelvlei is ~chronous 

to dlUle-building eVC'nts recorded at Die Kelders and in the Australian lunette record. Although many 

other arid events in the south coost Quaternary re,'onl correlatc wcll with thc record of Australian 

lunette-building. there is lilU~ indication where they m ight he represented i11 thi.lunette ""coni (hgu,-" 

7.3). 

The marginal degree of diage-n ic weathering of sediments i. indicative of the ""te'llt of humid-phases 

between arid d\ll1e-building phases. Although the clay mineralogy does not indicate diagenesis, there 

is evidence of day alluviatiOt1 and illuviation, the likely product of slightly morC humid climates in the 

past mi11ennia. The "edirrK'IIts werC by no means waterlogged, but there has been some degree of 

weathering and remineralimtion . Additional ly, the c=nt cliff morphology at the Voclvlci actively 

demonstrates increasingly humid conditions. T nday, under pan-full conditions, the face of the lunette, 

now a clifTfacc, is subjected to wave energy throughout the wet winter (Figure 7.1). 

Figure 7.1: LooIJng s""the •• t .ero", Voelvlei under water-full conditions towards the eroding face of til< 
iunetle. Notice the wind blowing acr06i a full pall towards t1l< luno"c, .erving an erosional rather than 
Mpo';tiOllal rol. (SMG, October 2001). 

increased easterly wind anomahes (Cohen, I 993). C[)ilen ' , ocean-atmospheric model (1993) indicates 

that these oceanic c[)nditions are as.ociated with increased rainfall over interior parts of South Afriea, 

but drier mndili[)11S along the weSl coast. This theory oppo.e. Walk",' . (1990) in term~ of 
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to dune-building eve..,ts recorded at Die Kelderll and in the AlL'5tralian lunette record. Although many 

other arid events in the sooth coast Quaternary remn:! correlate wcll "ith thc record of Australian 

hmette-building. there i~ liUl~ indieatioo where th~y might be rejre.ented i11 thi.lunct\e recocd (hguu 

7.3). 

The margmal dt:gree of dlage-t1 LC wealhering of sediment. i. indicative of the exte..,t of humid-phases 

between and d\ll1e-buildmg phases. Although the clay mineralogy does not mdlcate diagene.is, there 

is evid"""e of day alluviati011 3Ild illuviati[)n, the likely product of slightly more humid chmates in the 

past millennia. The >-edirrmnts were by no means waterlogged, but there has been some degree of 

weathering and remineralimtion Additionally, the c=m clifT morphology at the Voclvlci actively 

demonstrates increasmgly hllmid eondittoos . Today, under pan-full condition., the face of the lunette, 

now a clifT face, is subjected to wave energy throughout the wet winter (Figure 7.1), 

Figure 7.1: Loo1-Jng "'''thea!! .oro", V""lvl.i under water-full conditions towards th. eroding fae;: of t .. 
lunelle. Notice the wind blowing ac'()6I; a full pan 'owarm. I .. luno"c, .. rving an erosional ""her ,hon 
<kpo';tiOll.1 rol. (SMG, October 2001). 
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7.4 CONCLUSIONS 

1.4.1 CURRENT WORK 

This thesis studied pan-lunette clusters in the Agulhas Plain and the Swartland on both a regional scale 

and a local scale in an attempt to elucidate their formational history and the palaeoenvironment that 

has fostered that formation. In Chapter One, four objectives for this work were introduced and have 

been resolved as follows. 

The first objective was to determine the spatial distribution and morphology of pan-lunette features in 

the Swartland and Agulhas Plain. This goal was tackled as described in Chapter Four by composing 

maps, completing surveyed profiles of a series of dunes, and comparing morphological characteristics 

statistically. This work provided the basis for the subsequent research. 

Secondly, an objective was to investigate the formational history of pans in the southwestern Cape. 

This objective was approached by building on the morphological work with sediment analyses in 

Chapter Five. The process, while not entirely settled, is discussed in section 7.1.2. The theoretical 

process of formation that was researched in the literature and discussed in Chapter Three was 

confirmed by the fieldwork and laboratory analyses at these sites. There is a further process of erosion 

observed at these sites, and not previously referred to in the literature 

The next stated objective was to elucidate climatic conditions, specifically, that would impact the 

development of the features. Resolving this issue required background research reported in Chapters 

Two and Three to inform field observation and sediment analyses. The most successful component in 

this regard was the reconstruction of palaeowinds. 

Finally, the research was used to establish environmental changes, both anthropogenic and climatic, 

documented by the formation of the pans and dunes. The lack of concise dating complicates the fourth 

objective. As discussed in the previous section, proxies that retain information about a change in 

conditions, not just a state, are the most useful for inferring palaeoenvironment. A mUlti-proxy study 

referring to a multi-proxy database of previous work, as used here, provides the basis for the most 

robust reconstruction possible. 
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Chapter 7: Discussion and Conclusion 

7.4.2 FUTURE WORK 

There is a considerable amount of work that could flesh out the initial framework established here. 

The two largest uncertainties lie in the chronology and the question of homogeneity between features. 

By obtaining more quantified ages it should be possible to expound upon conclusions with more 

vigorous correlations to other events in the Quaternary record. The argument would be strongest by 

diversification of methods, using both luminescence and radiocarbon techniques. Most relevant to this 

study would be a revised chronology for the individual profiles analysed and discussed here. In order 

to understand the clusters on a regional scale and more successfully interpret the climate signal, more 

dates must be obtained on other regional records of aeolian activity. 

The assumption of an individual representative feature has been counter-indicated by aU sediment 

analyses. By excavating other features and interrogating the sediment there, it will be possible to 

confirm the formational process described here for a regional scale and enforce palaeoenvironmental 

conclusions. Analyses of a similar nature on other features in the clusters could only strengthen 

arguments initiated here. 

Settling the question of the alleged double lunettes will assist to clarify both previous points. Without 

more detailed analyses on a number of these duplicate features it is impossible to make conclusions. 

A double lunette is potentially a record of distinct environmentally different dune-building periods. 

Finally, further pursuit of the correlations between the records preserved in these landscape features 

and ocean-atmospheric models that register and predict the relationship between winds in these coastal 

regions and sea surface temperatures driven by major currents could establish climate trends of global 

importance. Based on the latitudinal position and oceanic nature of the southwestern Cape, the pan­

lunette clusters on either coast in the Swartland and Agulhas Plain are tied into global scale 

palaeoenvironmental activity. This study establishes a foundation and indicates the presence of a 

diverse record of the palaeoenvironmental activity of the Holocene in the pan-lunette features of the 

southwestern Cape. 
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Appendix A: Lab Procedures 

COLOUR 

The colour of soils was quantified using the Munsell Soil Colour Charts (Munsell Colour, 1994). In 
the Munsell system, the colours are described in terms of three dimensions that combine to describe all 
colours: Hue, Value, and Chroma. Hue describes the colour's relation to Red, Yellow, Green, and 
Purple. Value describes the lightness of a colour and Chroma, the strength. Using the Munsell system, 
Sample DL6 (10YR 7/2, Figure 5.1) with hue 10 Yellow-Red is closer to Red than Sample DL5 which 
exhibits (2.5Y 6/3) 2.5 Yellow. DL6 is 70% along the scale from black to light, lighter than the 61 
value of DL5. The Chroma value of 12 indicates a small, near neutral strength of colour. The Munsell 
system also provides an abbreviated verbal description. In the case of Sample DL6, "light grey". 

GRAIN SIZE ANALYSIS PROCEDURE 

1. preparation with dispersal agent 
• Dry sample in oven @ 30°C. 
• Sift each sample through a 2000Jlm sieve. Do not break peds much, though can use a mortar 

and pestle loosely on them before hand. 
• Weigh out 50g accurately into a graduated cylinder. 
• Add 100mL Calgon: (Akroyd 1957, Catt 1988, Lewis and McConchie 1994, Smith 2001) 

o 35.7g sodium hexametaphosphate, 
o 7.1 g sodium carbonate 
o distilled water to 1L 
o makes a 3.85% solution 

• Add 400 mL distilled water (50mL Calgon in 200mL distilled water can be used to fit in 
250mL flask). 

• Place on shaker overnight. 

2. hydrometer readings 
• Rinse sample into 1L graduated cylinder. Fill to 1L. 
• Agitate with plunger. Measure 1,2,4,6,8 hour readings with hydrometer from top of miniscus. 
• Refill cylinder to 1 L if evaporation occurs. 

3. wet sieving 
o Rinse through 63Jlm sieve until water rinses out clear. 
o If won't rinse through, let settle for 5 minutes until the sand falls out and then pour-off top and 

rinse again. 
• Pour off some organics. 
• Dry in oven @ 70°C. 
• Weigh dry samples after 1 night in oven. 

4. settling column 
• Weigh out accurately 2.50 g (2.40 to 2.80, record) of rinsed, sieved sample (coarse fraction). 

Place in small glass vial. 
• Using the settling column (John Rogers, Marine Geoscience, UCT) record the time of settling, 

and size fraction of the sample. 

5. calculations 
• Hydrometer calculations are based on Stokes' Law of settling: 

Particle size:: F ~ (effective depth) 
Time 

from Akroyd. 1957 
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COLOUR 

The colour of soils was 
the Munsell 
colours: 

Value describes the 

the Munsell Soil Colour Charts vu"y",~",U 

The Chroma value of 12 indicates a 
also an abbreviated verbal rlP'''''':lnt, 

GRAIN SIZE ANALYSIS PROCEDURE 

1. prepar'aU()D 

In 

.. though can use a mortar 

.. 

.. 

.. 
o 
o makes a 3.85% solution 

Add 400 mL distilled water 
250mL 

Smith 

in 200mL distilled water can be used to fit in 

.. Place on shaker 

2. 
.. Fill to lL. 
.. .... """"i5" with ny,orClmt:[er from of miniscus . 
.. 

3. wet 
.. Rinse sieve until water rinses out clear. 
.. let settle for 5 minutes until the sand falls out and then and 

.. 

.. 

.. in oven . 

4. 
.. of sieved 

.. Marine Ue:OS(;lelrlCe record the time of ~_ ....... "" 
and size fraction of the 

5. calculations 
.. m11cr"'''''ti>r calculations are based on Stokes' Law of 

Particle size= F 

from Akroyd, 1957 
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where 
F= a factor dependent upon temperature and specific gravity of soil particles 
(assumed quartz) 

• Sources of error: 

Effective depth= a distance determined from the calibration of the 
hydrometer and measuring cylinder used. Measured in cm 
Time= measured experimentally and recorded in minutes 
Particle size is determined in mm 

~ Assumes round, quartz particles 
~ Flocculation of clay particles indicates coarser grained population 
~ Human error in reading hydrometer 
~ Potentially damaged sieves 
~ Representative sample? 

" 50g samples 
" Subsampling by 'thief scooping' (-5% standard deviation) (Gale and 

Hoare, 1991). 

• Settling column calculations are also based on Stokes' Law, on the basis of an ideal settling 
velocity. 

where 

• Sources of error 

Settling velocity=([ (ds-dj)g]/18J1)d2 

From Lewis and McConchie, 1994 

ds=density of solid (assumed to be quartz=2.65 glcm2
) 

df=density of fluid, temperature dependent 
g= acceleration of gravity (980cmlsec2

) 

J1= viscosity of fluid, temperature dependent 
d=diameter in cm of an assumed sphere 

~ Assumes round, quartz particles 
~ Problem of representative samples: small sizes + split accuracies 
~ Flocculation of clay particles indicates coarser grained population 
~ Representative sample? 

" 2.5g samples 
" Subsampling by 'coning and quartering' (-7% standard deviation, up to 3 

order of magnitude greater than theoretical random variation (Gale and 
Hoare, 1991). 

ORGANIC COMPONENT 

The organic component was determined by loss on ignition. 

• 2.00g dried (30°C oven) and sieved (2000!!m seive) sample was weighed into a porcelain 
crucible. 

• The sample was combusted overnight (at least 12 hrs) at roughly 550°C (increased heat has 
been shown to cause clays to lose water). 

• Percent organics determined by mass lost during combustion. 

Sources of error 
~ Oven error- irregular temperatures 
~ Irregular combustion lengths 
~ Dehydration of clay minerals. Ideal times and heats are disputed (375°C for 16hrs, 430°C 

for 24hrs) (Gale and Hoare, 1991) 
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where 

.. Sources of error: 
~ 

~ 

~ 

~ 

~ 

" 
" 

de)Jenldeltlt upon and of soil 

ri .. ,rdh= a distance determined from the calibration of the 
vch'nn,,,tf>r and AU ... '"",""",;; used. Measured in cm 

Time= measured eXI)erJlme:nt211J and recorded in minutes 
Particle size is determined in mm 

standard and 

.. column calculations are also based on Stokes' Law, on the basis of an ideal 

where 

.. Sources of error 
~ 

~ 

~ 

~ 

From Lewis and McConchie, 1994 

g= acceleration of 
11= of fluid, temperature UC1PCI1IUellll 
d=diameter in cm of an assumed 

sronp,les: small sizes + 

" standard up to 3 
and 

ORGANIC COMPONENT 

The was determined loss on IgrUtllon. 

.. was into a I'V'''''''U'AA 
crucible. 

.. The was combusted nv'~rmICfm at 550°C tm<;realsea heat has 
been shown to cause to lose 

.. Percent determined 

Sources of error 
~ 

~ 

combustion. 

~ minerals. Ideal times and heats are 111~:nllrp.11 
and 1991) 

for 
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CARBONATE COMPONENT 

The carbonate component was determined by hydrolysis. The rinsing with distilled water is necessary 
to prevent recrystallization of once-dissolved carbonates. 

• 109 dried (30°C oven) and sieved (2000llm seive) sample was weighed into a flask 
• Add 150mL 10% HCI 
• Swirl flask and wash down sides with HC!. Continue adding HCl until reaction stops (no more 

CO2 produced). 
• Let sit for -1 hr. 
• Fill flask to neck with distilled water. 
• Let settle until clay has fallen out of suspension (overnight). 
• Pour off water and refill with distilled water. 
• Let settle and pour off. 
• Dry in oven at 30°C. 
• Weigh 
• Deflocculate with Calgon (as above) 
• Seive through 631lm mesh. 
• Dry in 30°C oven. 
• Weigh coarse fraction. 

Sources of error 
~ Incomplete hydrolysis 
~ Incomplete rinsing and recrystallization of carbonates 
~ Partial dissolution of magnesium and calcium silicate. 

pH(HzO) AND pH(KCI) 

• Place 109 of dried, sieved soil (30°C oven, 2000llm seive) in centrifuge tube. 
• Add 25mL distilled water (or KCI). 
• Stir rapidly with a glass stirring rod for 5 seconds. 
• Stir again after 50 minutes and let stand for 10 minutes 
• Calibrated the pH meter using commercial standards at a noted temperature. 
• Determine the pH after at least 30 seconds in the supernatant- try to wait for the reading to 

stabilize. 
• EC is measured at the same time as pH (H20) with an EC meter. 

Sources of error 
~ Premature readings- probe not yet stabilized 

RADIOCARBON ANALYSES 

The radiocarbon analyses were performed at the National Ocean Sciences Accelerating Mass 
Spectrometer (NOSAMS) at the Woods Hole Oceanographic Institution (WHOI). Sample preparation 
was performed by the author, by sonnication in milli-Q water and oven-drying before weighing and 
hydrolysis. 

X-RA Y DIFFRACTION ANALYSES 

The XRD analyses were performed at the Institute for Soil, Climate and Water (ISCW) by WiIlem 
Kirsten on the < 2 micron fraction. 
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CARBONATE COMPONENT 

cOlnpOn(~nt was determined 
recrys:tal.liultioln of once-dissolved carbonates. 

The with distilled water is necessary 
to 

.. dried and sieved into a flask 

.. Add 150mL 10% HCI 

.. Swirl flask and wash down sides with HC!. Continue HCl until reaction stops more 

.. Let sit for -1 hr. 

.. Fill flask to neck with distilled water. 

.. Let settle until has fallen out of 

.. Pour off water and refill with distilled water. 

.. Let settle and pour off. 

.. in oven at 30°C. 

.. 

.. Deflocculate with 

.. Seive mesh. 

.. 

.. coarse fraction. 

Sources of error 
» 
» of carbonates 
» 

.. Place sieved soil (30°C oven, "'VVV1~'" In tube. 

.. Add 25mL distilled water (or 

.. Stir with a rod for 5 seconds. 

.. Stir after 50 minutes and let stand for 10 minutes 

.. Calibrated the meter commercial standards at a noted tel1llne:r::ltl 

.. Determine the after at least 30 seconds in the to wait for the to 
stabilize. 

.. EC is measured at the same time as with an EC meter. 

Sources of error 
» Premature readll1l!!:S- not stabilized 

RADIOCARBON ANALYSES 

were at the National Ocean Sciences 
at the Woods Hole ucearlograOnIC 

sonnication in 

X-RA Y DIFFRACTION ANALYSES 

The XRD were at the Institute for Climate and Water by Willem 
Kirsten on the < 2 micron fraction. 
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Appendix B: Radiocarbon calibratioll 
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Appendix C: Data 

Contents: 

Textural data 

Chemical data 

XRD data 

Lunette orientation 
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Textural data 
for Droevlei 
East lunette 
based on the 
Udden-W entwort 
grain scale. 

Textural data 
for Voelvlei 
lunette 

based on the 

h 

Udden-Wentwort 
grain scale. 

SandlFines Fines as 010 of total Sand fraction only ~tatistical analysis of sand fraction 

Sample % Sand % Fines % Silt % Clay 0/0 coarse %med % fine Sand Grade Meap Sorting Skew 
& description 

DV shoreline 91.31 8.69 5.08 3.61 15.32 67.46 16.68 sand 1.53 0.53 -0.11 
DLl 38.32 61.68 46.52 15.16 19.01 31.23 49.32 loam 1.87 0.94 -0.12 
DL2 42.57 57.43 42.39 15.04 16.03 27.89 55.89 loam 2.05 0.98 -0.14 
DL3 41.15 58.85 39.75 19.10 15.17 26.25 58.15 loam 2.07 0.98 -0.15 
DU 18.86 81.14 54.17 26.97 14.46 27.64 57.41 silty loam 2.06 0.95 -0.13 
DLS 13.33 86.67 52.57 34.10 8.90 29.49 61.18 silty clay loam 2.20 0.86 -0.06 
DL6 11.24 88.76 50.78 37.99 16.34 31.05 52.20 sil cla loam 1.95 0.96 -0.10 
DVl 17.43 82.57 72.94 9.63 8.77 20.53 70.07 2_38 0.92 -0.19 
DV2 12.87 87.13 77.50 9.63 8.39 18.59 72.79 silty loam 2.48 0.93 -0.18 
DV3 20.37 79.63 68.01 11.62 9.72 20.70 69.39 silty loam 2.34 0.93 -0.20 
DV4 34.84 65.16 37.58 27.58 12.07 25.16 62.44 clay loam 2.17 0.93 -0.16 
DVS 46.85 53.15 31.53 21.62 10.92 29.74 59.00 loam 2.17 0.86 -0.14 
DV6 32.51 67.49 25.92 41.57 6.08 27.57 65.99 clay 2.23 0.76 -0.06 
DV7 29.47 70.53 34.94 35.59 13.88 37.71 47.93 clay loam 1.77 0.73 -0.02 
DV8 28.89 71.11 43.49 27.62 12.27 38.76 48.71 clay loam 1.92 0.79 -0.10 
DV9 21.31 78.69 45.08 33.61 13.76 37.57 48.55 clay loam 1.88 0.79 -0.11 

DVI0 33.72 66.28 36.66 29.62 14.11 56.15 29.20 clay loam 1.66 0.63 0.03 

SandIFines Fines as % of total Sand fraction only Statistical analysis of sand fraction 

Sample '%Sand %Fines 0/0 Silt % Clay % coarse %med % fine Sand Grade Mean Sorting Skew 
& description 

VLl 62.87 37.13 21.40 15.73 0.85 4.30 94.37 sandy_loam 3.10 0.56 -0.23 

VL2 74.46 25.54 13.78 11.76 1.73 9.13 88.83 sandy loam 3.01 0.68 -0.37 

VL3 37.06 62.94 13.18 49.76 0.38 6.82 92.65 clay 3.01 0.60 -0.22 

VL4 35.80 64.20 20.44 43.76 0.86 6.25 92.28 clay 2.95 0.60 -0.09 

VLS 26.78 73.22 21.46 51.76 0.82 6.92 91.36 clay 2.89 0.62 -0: 11 

VL6 28.12 71.88 18.12 53.76 0.71 4.37 93.14 clay 3.04 0.59 -0.18 

VL7 42.10 57.90 28.14 29.76 0.63 3.77 94.66 clay loam 3.16 0.52 -0.27 

VSl 74.24 25.76 14.00 11.76 0.65 8.92 88.99 sandy loam 2.86 0.63 -0.19 

VS2 42.78 57.22 23.46 33.76 0.77 2.18 95.25 clay loam 3.20 0.51 -0.24 
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Textural data 
for Droevlei 
East lunette 
based on the 
Udden-Wentworth 

scale. 

Textural data 
for Voelvlei 
lunette 

based on the 
Udden-Wentwort 

scale. 

SandlFines Fines as % of total 

% Sand % Fines % Silt % 

DVshoreUne 91.31 8.69 5.08 3.61 15.32 
DLI 38.32 61.68 46.52 15.16 19.01 
DL2 42.57 57.43 42.39 15.04 16.03 
DL3 41.15 58.85 39.75 19.10 15.17 
DU 18.86 81.14 54.17 14.46 
DLS 13.33 86.67 52.57 8.90 
DL6 8 
DVI 17.43 82.57 72.94 
DV2 12.87 77.50 
DV3 

SandIFlnes Fines as % of total 

'" .. '%Sand %Fines 0/0 Silt % % coarse . 
VLl 62.87 37.13 21.40 15.73 0.85 

VL2 74.46 25.54 13.78 11.76 1.73 

VL3 37.06 62.94 13.18 49.76 0.38 

VL4 35.80 64.20 20.44 43.76 0.86 

VLS 26.78 73.22 21.46 51.76 0.82 

VL6 28.12 71.88 18.12 53.76 0.71 

VL7 42.10 57.90 28.14 29.76 0.63 
VSl 74.24 25.76 14.00 11.76 0.65 
VS2 42.78 57.22 23.46 33.76 0.77 

Sand fraction onl 
%med % fine Sand Grade 

& descri tion 
67.46 16.68 sand 1.53 0.53 -0.11 

31.23 49.32 loam 1.87 0.94 -0.12 
27.89 55.89 loam 2.05 0.98 -0.14 
26.25 58.15 loam 2.07 0.98 -0.15 
27.64 57.41 2.06 0.95 -0.13 

29.49 0.86 -0.06 
-0.10 
-0.19 
-0.18 

Sand fraction only ~tatistical analysis of sand fraction 

%med % fine Sand Grade Mean Skew 
& description 

4.30 94.37 sand loam 3.10 0.56 -0.23 

3.01 0.68 -0.37 

6.82 92.65 clay 3.01 0.60 -0.22 

6.25 92.28 clay 2.95 0.60 -0.09 

6.92 91.36 clay 2.89 0.62 -0: 11 

4.37 93.14 clay 3.04 0.59 -0.18 

3.77 94.66 clay loam 3.16 0.52 -0.27 

8.92 88.99 sandy loam 2.86 0.63 -0.19 

2.18 95.25 clay loam 3.20 0.51 -0.24 
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Chemical data colloid Conduct munsell 
for Droevlei sample depth (m) pH (water) pH (KCI) charge (uS/m) % organic % carbonate color Gastropods 
East 

DV shoreline 0.0 9.25 8.25 -1.00 436 2.44 1.48 mottled 
DLI 0.2 8.37 7.51 -0.86 368 13.79 6.80 2.5Y 5/2 

DL2 0.3 8.74 7.59 -1.15 377 16.27 17.53 2.5Y 5/3 

DL3 0.6 9.68 8.07 -1.61 544 16.92 20.30 2.5Y 6/2 

DL4 0.9 9.14 8.45 -0.69 1156 16.02 18.71 2.5Y 7/3 

DLS 1.2 9.91 8.30 -1.61 2680 15.17 16.83 2.5Y 6/3 

DL6 1.5 9.20 8.46 -0.74 2500 18.81 24.78 10YR 7/2 

DVI 2.2 8.39 7.96 -0.43 519 17.41 10.06 10YR5/2 

DV2 2.3 8.87 7.88 -0.99 316 16.50 12.45 10YR 612 shells 
DV3 2.5 8.98 7.89 -1.09 367 13.30 12.67 2.5Y 6/2 shells + 
DV4 2.8 9.49 8.00 -1.49 630 18.05 19.74 2.5Y 6/2 

DVS 3.1 9.50 7.94 -1.56 973 17.73 15.85 2.5Y 6/2 
DV6 3.4 9.53 8.25 -1.28 1161 19.23 18.20 2.5Y 6/2 shells 
DV7 3.7 9.27 8.25 -1.02 951 16.59 16.15 2.5Y 6/2 

DV8 4.0 9.58 8.19 -1.39 933 19.51 18.04 2.5Y 6/2 shells 
DV9 4.3 9.52 8.24 -1.28 1009 16.75 19.90 2.5Y 6/3 shells + 

DVIO 4.5 8.97 8.25 -0.72 3460 14.22 16.15 2.5Y 6/2 shells + 

Chemical 
data for colloid Conduct munsell 
Voelvlei sample depth (m) pH (water) pH (KCI) charge (uS/m) % organic 0/0 carbonate color Gastropods 

VLl 0.06 7.65 6.78 -0.87 231 4.95 16.73 10YR5/3 
VL2 0.24 7.63 7.59 -0.04 143 1.50 22.88 10YR 7/3 

VL3 0.63 7.56 7.69 0.13 4930 9.50 23.3 lOYR4/4 

VL4 1.05 7.83 7.96 0.13 5140 10.95 53.34 2.5Y 6/3 

VLS 1.26 8.15 7.74 -0.41 6740 10.45 59.74 2.5Y 7/2 shells 
VL6 1.53 8.33 7.70 -0.63 7480 8.96 47.7 2.5Y 6/2 shells 
VL7 1.88 8.64 7.70 -0.94 1584 4.48 35.86 2.5Y 6/2 shells+ 
VSl 0.2 6.74 4.84 -1.90 184 2.49 18.99 2.5Y 6/2 114 
VS2 0.6 7.fI,"7 6.47 -1.40 806 4.50 20.64 2.5Y 5/2 

Chemical data colloid Conduct munsell 
Droevlei (uS/m) % 0/0 carbonate color 

East 

DV shoreline 0.0 9.25 8.25 -1.00 436 2.44 mottled 
DLI 0.2 -0.86 368 13.79 6.80 2.5Y 5/2 
DL2 0.3 8.74 7.59 -1.15 377 16.27 17.53 2.5Y 5/3 

DL3 0.6 9.68 -1.61 544 16.92 6/2 
DL4 0.9 -0.69 1156 16.02 18.71 2.5Y 7/3 

DL5 1.2 9.91 8.30 -1.61 2680 15.17 16.83 2.5Y 6/3 

DL6 1.5 9.20 8.46 -0.74 2500 18.81 24.78 10YR 7/2 

DVI 2.2 8.39 7.96 -0.43 519 17.41 10Jl6 10,'R 5/2 

DV2 2.3 8.87 7.88 -0.99 316 16.50 12.45 1O\'R 612 shells 
DV3 2.5 8.98 7.89 -1.09 367 13.30 12.67 2.5Y 6/2 shells + 
DV4 2.8 9.49 8.00 -1.49 630 18.05 19.74 2.5Y 6/2 
DVS 3.1 9.50 7.94 -1.56 973 17.73 15.85 2.5Y 6/2 
DV6 3.4 9.53 8.25 -1.28 1161 19.23 18.20 2.5Y 6/2 shells 
DV7 3.7 9.27 8.25 -1.02 951 16.59 16.15 2.5Y 6/2 
DV8 4.0 9.58 8.19 -1.39 933 19.51 18.04 2.5Y 6/2 shells 
DV9 4.3 9.52 8.24 -1.28 1009 16.75 19.90 2.5Y 6/3 shells + 

DVIO 4.5 8.97 8.25 -0.72 3460 14.22 16.15 2.5Y 6/2 shells + 

Chemical 
data for colloid Couduct munsell 
Voelvlei (uS/m) % % carbonate color 

VLl 0.06 7.65 6.78 -0.87 231 4.95 16.73 10YR5/3 
VL2 0.24 7.63 7.59 -0.04 143 1.50 22.88 10YR 7/3 

VL3 0.63 7.56 7.69 0.13 4930 9.50 23.3 lOYR4/4 
VL4 1.05 7.83 7.96 0.13 5140 10.95 53.34 2.5Y 6/3 
VLS 1.26 B.15 7.74 -0.41 6740 10.45 59.74 2.5Y 7/2 shells 
VL6 1.53 8.33 7.70 -0.63 7480 8.96 47.7 2.5Y 6/2 shells 
VL7 1.88 8.64 7.70 -0.94 1584 4.48 35.86 2.5Y 6/2 shells+ 
VSl 0.2 6.74 4.B4 -1.90 184 2.49 IB.99 2.5Y 6/2 114 
VS2 0.6 7.R" 6.47 -1.40 B06 4.50 10.64 2.5Y 5/2 
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XRD results: 
REPORT NUMBER: CHEM200203 1597 

Interstratified = smectite/mica interstratification 
Only the <2micron fractions were used to do the analyses. 

% Kaolinite % Mica % Interstratified % Quartz % Feldspar % Calcite % Smectite 

VL3 20 66 7 7 0 0 0 
VIA 22 74 0 4 0 0 0 
VL6 16 51 9 13 11 0 0 
DIA 32 53 15 0 0 0 0 
DL5 56 31 13 0 0 0 0 
DL6 40 21 12 0 0 27 0 
DV4 77 23 0 0 0 0 0 
DV5 62 21 9 8 0 0 0 
DV6 65 14 0 0 0 0 21 

DV' 51 36 13 0 0 0 0 

DV8 68 24 8 0 0 0 0 

115 

XRD results: 
REPORT NUIMI::SII::K: CHEM200203 1597 

Interstratified :::: smectite/mica interstratification 
the <2micron fractions were used to do the 

% KaoUnite % Mica 

VL3 20 66 
VIA 22 74 
VL6 16 51 
DIA 32 53 
DL5 56 31 
DL6 40 21 
DV4 77 23 
DV5 62 21 
DV6 65 14 

DV7 51 36 

DV8 68 24 

% Interstratified 

7 
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15 

13 
12 
0 

9 

0 

13 

8 

% Quartz % Isoar . % Calcite % Smectite 

7 0 0 0 

4 0 0 0 

13 11 0 0 
0 0 0 0 

0 0 0 0 
0 0 27 0 
0 0 0 0 

8 0 0 0 

0 0 0 21 

0 0 0 0 

0 0 0 0 
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