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ABSTRACT

Pottery arrived in the South African archaeologicd recrd some 2000yeas ago. There aetwo
major traditi ons of pottery making athough they may have had the same origins. Thefirst isthat
of the Khoisan peoples who inhabited the drier coastal and inland areas. They were mobile
pastorali sts who spent their yea in independent groups in the search for water and grazing for
their animals. Their pottery, athough dstinct, is not easy to classfy into discrete spatial and
tempora phases which is probably a refledion ontheir migratory lifestyle and lack of any
centralised pditi cd authority.

The secondgroupwere Bantu-speaking farmers, also referred to in archaeologicd terms as the
Iron Age. They spread through the wetter aress uitable for farming and lived in more settled
communities many of which readed urban status with thousands of inhabitants. Their pottery,
interms of decoration, is highly formalised and, in contrast to the Khaisan, is organised into well

defined dscrete phases with tempora and geographicd coherence

Both groups were involved in trade and exchange networks which, for certain Iron Age
communities, becane continental in scde and resulted in major socia transformations taking
placein their society. Thisthesislooks at the problem of sourcing pottery in order to measure the
diredionandintensity of these networks. The main oljediveisto assessthe viability of sourcing

studiesin dfferent parts of the wurtry.

Thefirst problem dedswith the role of additives such as temper and whether this can mask the
origina clay signature. Experiments were anducted which show that temper can alter the
origina clay chemicd profile but the scde will depend uponthe diff erencein composition and
the amount of temper used. Other problems ded with dagenesis. burial can alter the
compasition under certain circumstances but at present only phaspharus can be definitely seen

to be a ©ntaminant.

A number of provenance c&e studies centred on \arious regionsin southern Africa ae presented.
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Eadh ore presentsits own spedfic methoddogicd problems. The most succesdul results came
from two locditi es. The first, Mutokdwe, in the Soutpansberg, and the seoond,a successon o
stesincluding Schroda, K2 and Mapurgubwe in the LimpopoVal ey provided definite esidence
to confirm on geochemicd grounds that a number of pots were nontlocd. The other case studies
were geochemicdly succesdul but indicaed that certain regions, for geologicd reasons, might
not be suitable for undertaking provenance studies. Recommendations are made for future

reseach in this promising field.
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CHAPTER 1. INTRODUCTION: BACKGROUND, OBJECTIVES AND
ANALYTICAL METHODS

Of all the objeds that can be traded or exchanged in the context of southern Africaprehistory,
pottery is the most plentiful, is ubiquitous andis gylisticdly variable in a cnsistent way over
spaceand time. Whilst there were mgjor trading links over the sub continent with resped to
products such as gold, tin, glassbeads and ivory, it is pottery that can yield insights into the
social and pditi cd aspeds of pre-colonial society. By defining the spatial and chrondogicd
rel ationships between stylistic traditions and rovenanced imports, it may eventually be possble
to determine the diredion and intensity of socia and econamic interadion through which social

change may have occurred.

1.1 POTTERY IN SOUTHERN AFRICA

At thetime of the first European contads in southern Africa, the indigenous people were using
if not making ceramic vessls for storage, cooking and aher househald adivities. There were
two major pottery traditions, which closely followed the main cultural and linguistic divisions
intheregion. Thefirst groupisthe Khasan, nanadic herders and huner-gatherers who roamed
aaossthe landscape in the drier southwestern areas of the wurtry seaching for plant foods,
game, water and grazing for their domestic stock (Schapera 193Q Wilson 1969 Elphick 1985
Barnard 1992 Sadr 2003 as well as working metal if not acdual mining although metals were
probably obtained by trade (Goodwin 195§. Mining for the mineral speaularite was also carried
out (Thadkeray et al. 1983. Thistradition arrived in South Africa proximately 2000yeas ago
(Sedy & Yates 1994 Bousman 1998 Sadr 1998 Mitchell 2002. Khoisan pdtery is
charaderised by pointed bases, lugs and spous: dewrationis unusua and nd nealy as common
or as ystematic and standardized as Iron Age wares (Rudrer 1968, n.d). dthowgh recent reseach
is beginning to identify spatial and chrondogicd charaderistics (Sampson 1988 Ridings &
Sampson 1990 Sadr & Smith 1991 Sadr & Sampson 1999.
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The second group are the Bantu-speaking or Iron Age farmers many of whom by the time of
contad were settled in large cmmunities and towns, engaged in agriculture and animal
husbandry, mining and working metals (Schapera 193Q Wilson & Thompson 1969 Hammond
Tooke, W.D. 1974 HammondTooke, D. 1993. Many of these groups were dso invalved in
magjor formal trade networks bath internally and with the eat coast. Gold, ivory, tin and copper
were exported whil st glassbeads, cloth and accasional Chinese céadon vessls were imported
(Evers 1974 DeVad 1984, 1985Meyer & Esterhuizen 1999. The ealiest Iron Age pattery is
dated to between 253430AD (Mitchell 2002).

Whil st Khoisan communiti es for the most part seem to have lost the knowledge of making and
firing pats by the 20" Century, some information onmanufadure and wse can till be gleaned
from ealy traveller' sacourts (Vedder 1923 Rudrer 1968, n.d.du Pisani & Jacobson 1985
Bollong et al. 19971).

Many rural Bantu-spe&king Iron Age coommunities, however, have retained this knowledge up
until the present and athough the use of European goods has replacel traditional wares in many
places, much information has been oltained from modern eye witnessacourts (Martin 1941
Lawton 19&; Huffman 1972 Otto 1978 Woods 1982, 1984, b; Dreyer 1988 Jambson et al.
1998h to name afew. Lawton (1967 is the most comprehensive summary of known knawvledge
up urtil the mid 1960s.

Whil st there ae some simil arities in the production o pottery by these two groups there ae
magjor differencesin aher areas. The two traditions have in commonthe fad that all pottery was
made by hand. Clay was not levigated bu was generaly “cleaned” of any lumps or other
inclusions deemed uracceptable by hand pcking the day. Temper was often added. This can
vary from crushed pasherds, to grit, or more rarely bore and charcoal. Vessls were formed
generally by coili ng strips or patching small pieces of clay together then smoathing them down.

Firing was caried ou either in the open or in pits with wood o dung as fudl.

Amongst Bantu-speking farmers, pdtery was made by women (Lawton 1967. Thisis aso the
case for the Khoisan (Bollong et a. 19971) although there is evidence that amongst the Dama

Document Produced by deskPDF Unregistered :: http://www.docudesk.com



of Namibia pattery was made by men (Vedder 1923 du Pisani & Jacbson 1983. The locaion
of clay sources were generaly kept confidential by pottersin al regionsresulting in ead pdter
in a community having a different source or several sources. This only matters if the sources

come from diff erent geochemica substrates but it does need to be borne in mind.

For farmers, women pdters lean the aaft from their mothers and tead their daughters. In any
residential community, na every women is necessarily a potter but one or more may suppy the
whade of that community (e.g., Martin 194)). There ae spedfic shapes of vessls for diff erent
functions (Lawton 1967 Huff man 1972 which are ammon amongst all traditi ons.

For the Iron Age and generally for modern farmers, decoration varies between groups (Huff man
1980b, 2002 which meansthat it is a means of expressng groupidentity. Thusit is passble
to recognise aZulu ar aKavango pa from the relevant community’ s charaderistic deration
(Lawton 1967). This, of course, does not necessarily mean that the social condtions for

deoorating pots are exadly the same today asin the past.

The two traditions suggest somewhat different objedives for any provenance projed. As the
Khoisan were nomadic people, it is posshlethat their vessls travell ed with them espedally for
those who owned stock and wsed them as padk animals. Thereis afamous sene painted by S.
Daniell in 1801showing a group d Namagua herders close to the Orange River preparing to
bredk camp and showing two ceramic pats suspended from apadeonan ox (ill ustrated in Dea®n
& Deamn 1999figure 10.15. For San hunier-gatherers, who hed to cary their possessons with
them when onthe move, pdtery may have been caded pending areturn visit to the site. Anather
fad to consider isthe debate over whether thereis adiff erencebetween Khoi (herder) pattery and
San (hunter-gatherer) pottery (Bollong et al. 19971). Fibre tempered pdtery from the Karoois
thought to be dharaderistic of the latter whil st grit tempered pdtery of the former. Of course, the
difference oud be functiona in that fibre tempered wares were used for cooking and the other
typesfor drinking or storage (Bollong et al. 1993, 1997hSampson & Vogel 1996. Theseissles
will be dedt with later.

Ancther feaure of Khoisan society is the existence of redprocd gift exchange known as hxaro
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(Wiessner 1982 Mitchell 2003. Thisis a system of delayed redprocd gift exchange pradised
by Khoisan communities throughou southern Africa Gifts were given to partners on the
understanding that it would beredprocaed at some future point in time. These obli gations bourd
people together in cross courtry links whereby marriage partners might be obtained o gifts,
information a accessto resources might be shared at some future point in times of crisis. In this
manner, gift items could be passed orto partners whoin turn passed them on ower hundeds of

kil ometres.

It isrecorded in Bleek & Lloyd (Bleek & Lloyd 1911 quted in Bollong et al. 1997 that pots
formed part of the hxaro gift exchange system. There is also a phenomenon ndiced in
archaeologicd excavations of Later Stone Age Sites that often pdsherds are found,the sum total
of which could na equal asinglewhdevess and are very often quite dissmilar to ead aher.

These could be “kegosakes’ resulting from hxaro exchange.

For the achaenlogicd past, the Iron Age has been dvided into a series of spatia and
chrondogicd ceramic traditions with defined spatial boundries and dten demonstrating
changes over time which can be gradual or well defined and which are related to socia groups
or formations (Evers 1988 Denbow 1990, 1999Klapwijk & Huffman 1996 Whitelaw 1996
1997 Whitelaw & Moon 1996 Calabrese 2000 Huffman 2002, b; Mitchell 2002).

What this means pradicdly is that any unit of ceramic analysis, whether a fades, phase or
tradition (Huffman 20020 will have adiscrete spatial and chrondogica presence This alows
any sherd decorated in the style of ancther traditionto be visualy and quckly identified as an
“import”. This raises the question d how and why they were there. Were they in fad made
locdly rather than imported? There is littl e in the literature to suggest that pots were adually
traded further afield than the locd community. In fad, the belief (verbally expressed to me by
anumber of reseachers) was that pottery was produced solely for domestic consumption. The
only way they could have travell ed aroundthe landscape was if they were used as containers or
perhaps gifts. However, figure 1.1 is a phaographic postcard showing a group d Ovambo
pattery dedersor traders (Tontopfhand er) which wastaken abou 1900in Ovambadand, Namibia
(Jacobsonet a. 1985. It would appea from a dose examination d the phaograph that
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Figure 1.1.Namibian pastcard from approximately 1900showing “Ovambo pdtery traders’.

approximately 25 pds are being caried by the group.If the cgtionisacairate, this suggests that
inthisregionat any rate, traders roamed the curtryside with pdsfor sale. Alternatively, perhaps
the pots were made & a day source some distance from the community and were being carried
home after firing athough | believe that it is unlikely that the phaographer would have

misunderstood a misrepresented the situation.

It might be oppatune & this gage to define what is meant by “trade” and “exchange”. Trading
or exchanging goods must be dmost as old as humanity itself. By the time we have written
records these adivities had developed into extremely sophisticaed undertakings. Althowgh |
sometimes use “trade” and “exchange” interchangeably, they are in effed oppasite ends of a

continuum with occasiona side branches. Basicdly, by “trade” | mean a formal exchange of
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goods (or services or even people) based uponsome mutually agreed value; by “exchange”, more
informal transfers of such items, generally not ona commercial basis but having some form of
socia prerogative. The former might or might not be asociated with a market place but
esentialy it was abusinesstransadion in which either afixed value was placead onan item or

else avalue was negotiated.

Exchange has social implications associated with strong ritual and symbalic meaningsrefleding
the norms of society whether in pre-literate societies (Mauss1974) or the dassca world (von
Reden 1995 or even ou own society, e.g., exchanging Christmas gifts or giving to charity.
Exchange includes adions such as the exchange of gifts onapersona basis (hxaro), tribute &
asign o pdliti cd allegiance ritual gift giving: there ae amyriad o forms. Often articles are not
so much exchanged for themselves but form a secondary asped to exchange or even trade, i.e.,
pats used as containers for goods or for food carried onjourneys. It may nat aways be possble

to separate out these diff erent uses.

In summary then, there ae anumber of reasons for pottery, apart from other objeds, to move
aroundthe landscgpe. Amongst Khoisan communiti es, the most basic relates to their nomadic
way of lifein that pats foll owed their owners from one canp to anather. On asocia level, pds,
and perhaps even sherds, being used as part of the hxaro gift exchange system. As atrade item,
pats would have been oltained through barter. Other informal exchanges would also have taken

place pots used to transport food a other objeds, or even astribute.

For the Iron Age which was a semi-sedentary society, the pattern is ssmewhat diff erent. Large
Iron Age sites have yielded literal y tons of sherds indicating extensive usage (and kreakage) of
pattery. The question arises with resped to the larger settlements and towns whether production
becane a spedalised adivity with a few spedalist potters providing the needs of the eitire
settlement. This could result in fewer clay sources being used, assuming they were large enough
to cope with the production. Alternatively, limited sources might require pottery to beimported
from afar. Marriage is another reason to explain the movement of pattery or rather to acourt for
the presence of animported stylein asite. For example, Loubser (Loubser 1997) has suggested
that women tend to marry “up’ (socialy speing) and that the Venda language and culture
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developed as aresult of Sotho-speeking women marrying into the higher status Khami tradition
in the Soutpansberg. These women brought their distinctive pattery styles with them and
eventually the Moloko and Khami styles blended to form the distinctive Tavhatshena tradition
which was the forerunrer to Venda. What is implied here is that it was nat the pot that was
imported bu the style (Loubser 1991). Thiswill be further discussed in sedions 1.2.1and 4.5.
Of course, pascould also have been physicdly caried in by abride from her original home (Van
Warmelo & Phoph 1967 1095.

Perhaps the most common reason d al to have someone dse's pot at your homestea is
borrowing. Amongst the Venda, for example, there ae rules for the crred social behaviour
relating to the borrowing of al kinds of household implements from one’'s neighbous (Van
Warmelo & Phoph 1967 10757), so this behaviour must be guite a @mmon acaurrence If pots
breg whil st barrowed, they enter the archaeplogicd record. Although the definition d neighbou
does nat necessarily mean that it is ssmeone right next doar but can be the homestead over the
next hill, it also needs to be remembered that such wares could al originate from the same

source.

Huff man (Huff man 1986, 1996Huff man & Hanisch 1987 has made a ¢ose study of settlement
hierarchies and hes identified five levels of pdliticd importancein the larger states sich asthe
Mapurgubwe or Khami traditi ons for example. A fedure of the Iron Age was that authority was
vested in chiefs who themselves were ranked in a hierarchal order of increasing rank. One of the
duties of a chief was to preside over courts (heaing cases and appeds from lower court
judgements), med with courcill ors and participate in ritual matters (such as initiation a rain
making). Thiswould have necesstated people travelli ng to the various centres for such events.
It isnat unlikely that pottery would have travell ed with them either as containers, as gifts for the

locd ward headman o chief or even as payment (or associated with the payment) of court fines.

A further fador isthat the larger centres would have aded as trade entrepots and as such would
have atraded traders and middemen in the industry. It is not unreasonabl e to asume that these
traders might have settled locdly in arder to carry out their business Once ajain, the pattery they
made or used might refled their home styles. De Vad (1984, 198% has described the old trade
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routes linking these settlements and known from the very ealiest daysin the former Transvad,
routes subsequently foll owed by the ealiest Voortrekkersin their travels. These routes must have
been of some antiquity. It would be of grea interest if someone fit and energetic would foll ow

these routes on the groundtoday and nde the achaeology associated with them.

Apart from pattery, clay was also used to manufadure figurines used in rituals such asinitiation
caemonies and as chil dren’ stoys (Voigt 1983 van Schakwyk & Hanisch 2003. A secondclass
of ritual objed is represented by fired clay masks which were undoultedly used in rituals
(Inskeep & Maggs 1975 van Schalkwyk et al. 1997. Althowgh the figurines are usually unfired
andthe day probably not as carefully prepared as clay used for making fired vessls, nevertheless
they are a useful for provenance studies as pattery as they probably represent locd clays. This

will be discussed more fully later.

In summary, pdtery isubiquitous snceitsintroduction: two thousand yeas ago for Khoisan and
marginaly later for the Iron Age. Its greal throughou the drier southwestern regions was either
by migrating herders who passed ontheir skill s diredly to the locd hunter-gatherer Khoisan
groups they came into contad with ontheir migration a by the transference of the knowledge
and techniques of pottery making from one groupto anather (Mitchell 2002 Sadr 2003. The
Iron Age spreal with migrating Bantu-spe&ing farmersin severd streans from the north during
which time they settled higher rainfall areas suitable for growing crops (Huffman 1970, 1988,
1989,199Q Herbert & Huffman 1993 Huff man & Herbert 1994). For the latter, patery use was
extensive and formed part of nealy every asped of daily andritual life. The seaetslocked in the
clay fabric can, under the right circumstances, reved much abou daily life, trade, exchange,
ritual and gender relations.

1.2 PROVENANCING
The basic assumption unaerlying chemica provenancing is that the objed being provenanced

can be matched to its ourcemateria by virtue of the fad that they bath have the same chemicd

compositionwhich isunique for ead source In pradice however, this can be far more mmplex
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for some materials than for others. This dion will ded with the more theoretica isaues,
definitions, objedives and a summary of previous work in southern Africa The technicd

problems will be dedt with in the foll owing chapters.

All the samples analysed in this gudy were dore so in terms of a permit recaved from the then

National Monuments Courcil, now the South African Heritage Resources Agency.

Table 1.1.Exchange andtrade: amodel. Seetext for explanation.

Explanatory modelsin ceramic provenance studies

Mode | Foundin | Regiond style | Madein | Interpretation

A. Visud stylistic enalysis only

Al X X X No inter-site movement

A2 X Y Y or ?X | Movement of vessl fromY to X or
styleY copied at X

B. Combined stylistic and chemicd anaysis of vessl

Bl X X No movement

B2 X X X, Movement of vessel within region X
B3 X Y Y Movement of vessel from Y to X

B4 X Y X Movement of ideafrom Y to X

B5 X X Y Movement of ideafrom X to Y: then

vessHl fromY to X

1.2.1 Integrating Style and Chemistry

It was already pointed ou that archaeologists classfy pattery into traditions or phases. For the
Iron Age, thisis currently based onthe system developed by Huff man (1980b, 2002pin which
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decorationlayout, vessl profile and motif are combined to reconstruct styli stic types which are

spedfic to atradition a phase.

The analysis of Khoisan pdtery is much lessdeveloped and a somewhat diff erent system isin
use. Thisisredly afunction d the lad of a systematic decorative style such as present in Iron
Age wares. In al fairness though, it needs to be said that most excavated Khoisan pdtery is
terribly fragmented, much more so than Iron Age wares, making analysis more difficult. For the
western Cape, decorationis one dement but the size of the vessels and the presence of lugs and
spous are dso included in the analysis. Thus far, only a dirondogicd sequence has been
developed (Sadr & Smith 199). Sampson (1988 has propaosed spatial boundiries based on
deaoration style for fibre tempered sherds foundin the Seaow River Valey but until well
defined spatial boundiries are developed over larger areas for spedfic types, one caana redly
defineimports. Asavess type, fibre tempered bowlsare arrently only known from the interior

thus their presence dsewhere could constitute an import.

The presence of anonlocd style in an assemblage, based puely on avisual analysis, can be
regarded either as an import or alocd imitation bu there would be no way to confirm which
aternative. Let uslook at atheoreticd example. Asauuming astyle X isfoundin site X, it must
be assumed that it was made locdly. A sherd in style Y, (which is smilar to that from a
neighbouing stylistic regioncdled Y) aso foundat site X, would suggest either an import or a
copy of the neighbouing style. Thiswould conform to CasesAlandA2in Table 1.1.

When one alds a dhiemicd analysis to the stylistic analysis, however, a far deger and more
nuanced interpretationis posshle. Assuming that style Y isfoundin aregion (Y) which has quite
adifferent geochemistry to region X, then any pats made in that regionwould be distinguishable

from those of region X onthe basis of its composition.
Table 1.1 cemonstrates a number of idedi sed models to ill ustrate the inferences which can be
drawn from synthesising deaoration style with the geochemicd profile of avess. Model B1

represents a locd style made locdly. Model B2 represents the movement of style X pottery
within the region. B3 represents the confirmationthat anonloca style had been made dsewhere

10
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and imported.

Mode B4 isanimported style made locdly. Perhaps what oneislooking a here isawoman who
has married into the locd community from elsewhere and who makes her original style pottery
for her own use. One would exped to find low frequencies of such sherds and pobably

asciated with howsehod aress asciated with women' s adiviti es.

Model B5: asherd foundat site X in the X style but made in regionY. What is probably seen
hereisagift or even tribute being brought to site X from a different styli stic aeabut which was
made in the style of X. Thiscaseisdifferent from B2 in that it can be shown that the pat or sherd

originatesin adifferent stylistic aea

These modelsare nat smply theoreticd exercises but provide aframework with which theresults
of the diff erent case studies can beinterpreted. Thisin turn can leal to deeper insightsinto the
nature of social and econamic interadion between communiti es although at present the Iron Age
is probably more suitable for studying because of the well defined styli stic boundxries which are
foundand which enable styli stic imports to be recognised. Khoisan studies have some potential

but more work still neads to be dore.

1.2.2 Previous Work

Thefirst study to use chemicd analysisto provenance pottery from southern Africawas caried
out on sherds from Namibia using Neutron Activation Anaysis (Boule & Peisach 1977.
Subsequent work foll owed thisup by using PIXE (Particle-induced x-ray emisson spedroscopy)
at the then Van de Gradf Groupat Faure in the western Cape (Boulle & Peisach 1979 Boulle
et d. 1979 Jambson & Peisach 1982 Peisach et d. 1982, b, 1990, 1991hGihwala @ a. 1984,
1985, b; Jambson 1985 Jacbson et a. 1985, 1991, 1992} 1996k Peisach 1986 Bollong et
al. 1997a). These mvered awide set of topics from pre-colonial Namibian and South African
pattery to the study of Chinese and Dutch colonial ceramicsimported into the 18" Century Cape.
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Some of the very ealiest studies, whil st being technicdly sound, dd na aways have areliable
interpretive basis as littl e was then understood abou the geochemicd variability of locd clay
sources andit islikely that the statisticd outliers picked up ly the multi variate analyses may not
always represent imported items but perhapslocd clay variability. Experiencegained inthisealy

reseach dd provide avaluable leson for the framing of future researcch procedures.

Subsequent to this, XRF becane the anayticd method d choice(Bollong et al. 1993 Jambson
etal. 1994, 1995, ¢, 1998b, 1999, 20@2c, d,f, g; Punyadeaa @ al. 1997, 1999Fill ay et d.
2000; Jambson & van der Westhuizen 2002) for a variety of reasons (Jambson et al. 1994,
199%) including, most importantly, the problem of sampling. PIXE uses a beam simil ar to that
of the microprobe andthis can be problematicd with coarse grained aswell as tempered pdtery
when abulk analysisis neaded. PIXE isaso very much a surfacetechnique and this can present

problemsif the surfaceis treaed in any way, is contaminated ar damaged.

XREF offers the advantage of a standardised methoddogy which can be reaily repeaed as well
as, at that time, the advantage of obtaining acairate asolute values for the dements analysed
which included anumber nat avail able by PIXE (e.g., phaspharus). For PIXE, ead experiment
at that time had to be treaded on its own merits and was a once off event: data was not
interchangedble ait wasin the form of courts which were dependent of the parameters of eah
set up,i.e., dealtime, current, charge, distance and geometry of samplerelativeto beam, etc. In
the absence of standards and suitable procedures, courts were not the equivalent of absolute
measurements. PIXE, onthe other hand, can be caried ou non-destructively which can be a
boonfor small or scarce sherds which archaeologists do nd wish destroyed. To restate the
problem, urtil the data generated by either system can be accesed for statistical purposes by the
other, it is best to stay with ore system.

XRF spedrometers are dso widely available in contrast to PIXE for which only three ae
avail able South Africa XRF anayses can be caried ou anywhere and, as long as gandard

sample preparation techniques are foll owed and suitable standards are used for cdibration, the

results will be comparable.
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Other techniques which have been used include fire assay (Punyadega 1996 and thin sedion
petrography (Miller 1991, Jordan et a. 1999. Mill er (1991) also reviews a number of student
projedsthat used avariety of analyticd techniques on pdtery most of which were inconclusive
but which do hnt at the huge scope of not only provenance studies but also materials analysis

relating to various aspeds of pottery manufadure and use.

It shoud also be noted that a number of case studies presented here have dready been presented

as conference papers and pasters or else puldished in conference procealings, journals or books

(Peisach et d. 199%; Bollong et al. 1993 Jambson & van der Westhuizen 1994, 199§ b,c,

20024, b, 2004 Jambsonet a. 1994, b, d,e, f, 1995, b,c, 1996, b, 199&, b, c, d, 1999, 2000
20023, b,c, d,e, f, g, 2003 Jaabson 2003.

1.3 OBJECTIVES

The criteriafor choasing the spedfic case studiesto be discussed in Chapter 4 was smply the
avail ability of pattery from archaeologicd excavations and museum coll edions for analysis. The
ided situationwould have been to combinethe analysis of pattery from a site together with clays
from the aeaso that the data from the pots could be definitively linked to them. A pattery only
analysis for any one site or group d sites could produce separate groups or sub-groups of
chemicdly similar speamens which, in the ésence of any knowledge of locd clays, might be
difficult to say with any confidencewhich represented locd clays or which were imports. On the
other hand, to colled a cmmpl ete representative sample of dl claysfrom an areawould have been
bath dfficult if not impaossgble in terms of time and completenessas well as cost. Thisis apart
from the problem that the dhemicd profile of afired clay could be dtered as a result of clay
preparation, wse, diagenesis, contamination a the aldition d temper to the original clay. These
problems will be dedt with in the next chapter. A knowledge of the locd geology and its
geochemistry would also assst in recognising imports. There ae times, howvever, when such
informationis not always avail able. Under these drcumstances, therefore, thereisaneed for a
theoreticd framework with which to evaluate and interpret the geochemicd data before any

archaeologicd interpretation can be made.
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1.3.1 Geochemical interpretation

After the lessons of the ealy PIXE reseach discussed abowe, | deaned it prudent to first
caefull y define the geochemicd badkgroundto any interpretation. To start off with, a “source”
is defined as an ambiguous word (Arnold et al. 1997 . Doesit refer to aregion, avillage or a
spedfic day pit? Isit passblefor any pat to be unambiguowsly linked to a spedfic day source?
It has aready been briefly mentioned that the cmmpasition d apaot does nat just represent a day
but also theinpu of the patter with regards such adivities as clay preparation, choice of temper,
etc. Thereis also the problem of usage and past-discard changes to the pot. The compasitional
profile, then, “encodes both natural and cultural information” (Arnold et al. 1991 84). Under
these drcumstances where definite day sources are unknown, it might be more redistic to start
off by regarding “source” onaregional basis. It might not be passble, therefore, to determine
whether pottery was being imported from the site next doar unlessthere is a major geochemicd
discortinuity between the sites, but regional provenance studies are & relevant and can provide

significant new information.

Thisapproadhisreferred to asthe “hierarchicd approady” (Arndd et d. 1991) andis ill ustrated
infigure 1.2. Thismeansthat agroup d siteswithin ageographic aeawith similar geology (and
hence similar clay sources) are linked together in a cmpaositional space Two o more groups
may be further linked together if necessary. The range of variability within ore groupwill be
such that it will be different from ancther compasitional groupthus all owing imports from the
other group to be identified. To define the generali sed compositional spaceof an areadoes not
mean that the sites have to be dl of the same aye or from the same styli stic tradition, orly that
the pots were made locdly. Conversely, the same stylistic tradition, if widespread, can and
probably does, occupy diff erent compasitional spaces. Of course, chemicdly distinct outliers may
very well show upin the analysis and the question then becomes whether they represent the outer
limitsto locd variability or whether they are unreaognised imported vessls (i.e., those that are
stylisticdly indistinct from alocd site's wares). Referencemust therefore dways be made to the
locd geology in order to try to explain these occurrences and if necessary to analyse alditional

samples.
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Geographic Space Compositional Space



Figure 1.2. Graphic depiction d the meaning of compasitional variability. On the left are a
number of archaeologicd stes or clay sources. The shaded areas represent diff erent geochemicd
regions whil st the sources within represent the range of variability within ead region. Thisis
referred to as geographicd space The right ill ustrates how these sources might be represented
in compasitional space Taken from Arnold et al. (1997).

In this context it might be of interest to nde that aworldwide survey has shown that most potters
travel no further than 7 km and many no further than 1 km from home to fetch clay (Arnad
1985. It is very important to a'so nde that the verificaion d such aregiona compositional
groupisan empiricd isaue. Naturaly enough, ore sfirst working hypathesis can be theoreticd
in nature but it hasto be tested against data, redefined in terms of the data and retested as more

data beames avail able.
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It is not only the cmpasition o the days that serve to define a @mpositional space the
behavioura influencesin preparing the day aso court. Thiswill i nclude such matters as the use
of temper which could influencethe cmpasition. These behavioura patterns could change over
time and influence the definition d the compasitional space so this neels to be taken into
acourt aswell. Ultimately, itsaquestion d numbers. If enough samples from synchronois stes

are avail able, the problem could be diminated.

Emphasis, then, will be onregional discovery, that is, sherds from sites from a smaller or larger
region, cefined interms of their locd geologicd context will be analysed irrespedive of age or
culture in order to oltain a regional pattern of variability. In ather words, eat case will be
evaluated onits own merits. Theinitial interpretation d the data will be made in geochemicd
terms using multi variate statistics to deted groupings of the data set aswell as outli ers. Whether
the areaunder consideration is suitable for further provenance studies will be assssed and
recommendations made with this regard. Then, and only then, will any relevant archaeologicd

interpretations be made where passble.

1.3.2 Archaeological interpretation

Oncethe geochemicd evauation d the data has been undertaken, it then becomes posshble to
provide an archaenlogicd interpretation assuming that the interpretive value of the sherds
warrantsthis. Thiswill be further discussed in sedion 3.2.At the very least, ore will be aleto
identify imported vessels. However, pas are not imported or other, foreign styles emulated for
trivial reasons. Any interpretation, therefore, shoud be integrated with ather information
obtained from the site such as the type of site, its ranking in terms of a regiona settlement
hierarchy (e.g., Huffman & Hanisch 1987, the locaion within the site where the sherd was
found,i.e., isit a pulic or private aea Interpretation d the dnemicd data dso needs to be
framed in terms of the larger archaeologicd projed and this means, ultimately, that the analyst

neels to work in close llaboration with the achaeologist on ead study.
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1.4 ANALYTICAL METHODS

1.4.1 Analytical techniques

Previous work in South Africahad been caried ou by PIXE but XRF was felt to be more
suitable for a number of reasons. These include the fad that it is awell established procedure
with a standardised methoddogy, is widely available and that it is less prone to sampling
problems than PIXE (Jambson et a. 1994). As the sherd samples were large enowgh for
destructive analysis, this posed no poblem.

A Philli ps PW 1404 XRF apparatus was used for the analysis. All samples were prepared
acording to the techniques of Norrish & Hutton (Norrish & Hutton 1969. Very briefly, this
consists of initidly grinding the sherds to afine powder at -300mesh; 10 gramsis then pressed
into a powder briquette, boundwith Mowiol and aboric add bading for the analysis of trace
elements and Na. The rest of the powder isheaed to 110T for aminimum of 12 housin order
to determine moisture mntent (H,O-) by weight loss Then the sampleis heaed to 1000C for
3 housto similarly determine lossonignition (LOI), i.e., al the C, CO, and crystalli ne water
which isexpelled. This remainder is then combined with Spedroflux 105and melted to form a
glassbead for which the major elements (in axide form) are determined. International geologica
standards were used for cdibration. The following major elements were analysed as oxidesin
weight per cent: SIO, TiO,, Al,O,, Fe,0;, MnO, MgO, Ca0, Na,0, K,O and P,O; whilst the
tracesRb, Sr, Y, Zr, Nb, Cu, Ni, Zn, V, Cr and Co were measured in parts per million (ppm).

Microprobe analyses were performed onathin sedion with a CamecaCamebax Microbean
eledron microprobe using a 5 «m bean diameter, 15 K/ accéerating voltage, 40 A bean
current and mineral standardswith PAP intensity corrediontedniques (Pouchou& Picoir 1984).

For the statisticd analysisand dscusson d the data, P,O;, H,O- and LOI are removed from the
oxidetotal andthe remaining elements are recdculated to 100%. In the cae of P,O;, this element

isremoved (unlessit isthe objed of the analysis) because it has been shown that clay objeds,

e.g., figurines and pds, as well as other objeds sich as sdls, are eaily and regularly
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contaminated by this element (Freestone d al. 1985. Further discusson d this can be fourd
below in Chapter 2, sedion 2.5.

1.4.2 SARM 69

During the course of this reseach it becane obvious that there existed nosuitable reference
material spedficdly for ceramic analysis although a number of laboratories had their own in-
house standards. It was therefore deaded to develop a cetified Reference Material in a
cooperative projed between the Geology Department, University of the FreeState, the M cGregor
Museum, Kimberley and Mintek. Known as SARM 69 (Ceramic-1), it was developed in
cooperation with Mintek and the South African Bureau of Standards.

The advantage of aceramic cetified referencemateria, apart from easy avail ability, isthat it can
be used to cdibrate analyses between dfferent laboratories and espeaall y between those using
diff erent techniques particularly when these can dffer in their predsion and acaracy for certain
elements. Thismakesit now possble to combine data from diff erent laboratories working onthe

same or similar problems or geographicd aress.

The ceramic sample (sherds) had been excavated from a Type V Late Iron Age site in the
northern FreeStatein 1960 ly T. Maggs (Maggs 1976. The materia was gored at the National
Museum in Bloemfontein from whence 80 kg wasretrieved for this projed. The samplewas snt
to Mintek who were responsible for the milli ng, hamogenisation, bdtling and testing. Samples
were subsequently distributed to laboratories in a number of different courtries. Eventually

nineteen laboratories from nine courntriestook part in the wllaborative anadyticd testing projed.

The analyticd results were submitted to Mintek who prepared the fina certificaion d the
material (seeAppendix 1 for a opy of the cetificae). Certified values are now avail able for
fifteen dements as well astentative values for afurther twelve (Jacobson et al. 2003)). Thisis
thefirst ever fully certified reference materia prepared from archaeologicd ceramics gpedficdly

for the analysis of archaeologicd ceramicsto be made avall able cmmmercially.
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1.4.3 Statistical analysis

Corresponence Analysis (CA) was used as the exploratory multivariate statisticd tednique of
choiceto determine dusters and ouliersin the data. It has the alvantage of being able to map
bath the rows (i.e., samples) and columns (i.e., el ements) of a data matrix onto ore scéter plot
so that one can get avisua understanding of the demental composition unarlying the dustering
of the samples (Peisach et al. 1982, Greenaae 1984, 1986Bollong et al. 1997). Thisin turn
can give an insight into the geochemistry of the day and hencethe rocks from which the day was
formed. A comparison between CA and aher multivariate and clustering techniques carried ou
on the PIXE data of a set of Khoisan ceramics showed that it obtained the most complete
separation d the samples (Bollong et al. 1997%).

Before anadysis, eat element’ sdatais divided by an average aqustal value (Mason 1966 for that

element in order to eliminate the influence of scde (e.g., percent, ppm).
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CHAPTER 2. THE RELATIONSHIP BETWEEN CLAYS AND POTS

A basic ssuumption d pottery provenance studies assumes that the dhemica compositional
profil e of the pat refleds the profil e of the day from which it was made. This, however, can and
has been chall enged as there ae anumber of processs in the sequencefrom araw clay to the
archaeologicd sherd which could alter the original chemicd signature such that the two are no
longer recognisably the same (Neff et al. 1988, 1989Arnadd et a. 199]). These include the
preparation of the day, its firing, the usage of the vessl, any diagenetic efeds that can occur
after being discarded and buied after use. Thissedionwill present areview of the variousissues
which can lead to problemsin the dired provenancing of avessd to a day source awell asdata
which show that, under certain very spedfic condtions and stagesin this process afired vess

can be diredly and urambiguously linked to its source day.

2.1 THE PREPARATION OF THE CLAY

In South Africa the preparation d clay is quite straightforward. The day is colleded, dried,
pounced and any large bits removed. Water is added and the mixture kneaded. Temper might be
added to strengthen the day (seebelow) and the pat is aped by hand either by means of coil s
or slabs. The pat isthen allowed to dry before firing (Lawton 1967. The outer surfacemay be
burnished with asmoath stone or pieceof bore, decorated with incised or stamped peatterns, or
even painted o burnished with graphite or ared wash. Oncethe shaped clay vessl has dried, it
isthen fired.

2.2 FIRING OF A VESSEL
In southern Africa, firing was usualy caried out in apit or in the open. No kilns were used. An
investigation by Woods (Woods 1982 in nathern Namibia where traditional pottery

manufadure was pradised, showed that temperatures measured onfires made with durg varied
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from 818°to 849T (n=3). Other open firing temperatures reated a maximum of 920°C.
Temperatures peaked and cooled very quickly and firing times were short, approximately 2-3

hous.

Of interest for this dudy isthe dfea of firing onthe bulk composition d a day. Experimental
work (Kilikoglou et a. 1988 Cogswell et a. 1996 has foundthat firing temperature has no
effed on composition. These testsincluded temperatures up to 1100T which were higher than
the temperatures obtained by Woods (Woods 1982 for open firing but which also excea the
temperatures to which sherds expaosed in the laboratory when measuring for LOI (Sedion 1.4.

One can asume dso that cooking over an open fireisunlikely to have any effed either.

2.3 TEMPER

Temper or grog or "filler" as sme have cdled it (e.g. Lawton 1967 isthe deliberate aldition d
any non-plastic materia to a day, excluding any naturally occurring gitty comporent. It is often
used by pattersto improve the quality of the day with which they are working athough na all
clays may need this additive (Lawton 1967. Itsimportanceto the manufaduring processis that
it al owsthe unfired clay vessl to dry withou shrinking or crading or even busting during the
firing process Such usage very often depends uponapatter's kill and experience Lawton (1967)
and Woods (Woods 1984, b) bath describe patters "tasting” the day in arder to deade whether
to add temper and the anourt needed. Obvioudly, they are assessng the “grittiness’ of the day.
It isalso suggested that temper may have been added to improve some functional asped required
of the vessel. Skibo et al. (1989 have caried ou a series of experiments on aganic tempered
wares and foundthat they can be up to 34% lighter and lessprone to bre&king when dropped,
ided attributes for people who hed to cary their possesgons with them when onthe move.
Heaing effedivenesswas also better than for untempered pds but not as goodas grit tempered
ones, apoint emphasised by Bollong et al. (1993.

Rudrer (Rudrer, J. 1968, 1978 however, explicitly suggested a aultural fador by equating grass
tempered pottery with San hunter-gatherers ("Bushmen") and guartz tempering with Khoi
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herders ("Hottentot pattery”). Whatever the reason, temper can theoreticdly obscure or alter the

original clay chemica compasition with obvious consequences for provenance studies.

Various kinds of temper are known. Modern ethnographic observations made in southern Africa
by Lawton (1967 include mixed clays, grit, crushed pdsherds, asbestos ore, sand, ferricrete and
cdcrete whil st Burchell (Burchell 1822 and Bleek and Lloyd (Bleek & Lloyd 1911 described
Karoo "Bushman" using grass blood a ash. In addition, charcoal, bore, marine shell, feldspar,
mica quartz (upto 5mmor morein size) and aher mineras have been recorded in sherds either
through visual examination a in thin sedion (Rudrer, I. 1965 Rudrer, J. 1968, 1979Woods
1984, Denbow 199Q Bollong et al. 1993.

The amount of temper added also varied. One of Woods' (Woods 19841 informants from the
Kavango, Namibia, used temper (in the form of crushed pasherds) and clay intheratio of 2 to
3 respedively. Lawton (1967) described amix of clay and crushed "soft stone” in equal amourts
by a potter at Tampaosdad, some 15km NE of Groot Marico. No doult the amount needed
depended ontheindividual potter's assessment of the requirements for any clay or a particular

batch of clay.

Asthe adition d atemper can change a tay's compasition and as the aldition d different
types of temper to the same day by different potters could result in several different
compasitions, it is important to understand its exad influence on chemicd composition.
Otherwise, thereis the danger that the "temper effect” could result in vessals being attributed to
more day sourcesthan isthe cae andin an extreme Situation, to a sourcefar removed from the

adual locdity of the site with the resulting, erroneous, implication that the vessel was imported.

If one knowsthe composition o alocd clay and various types of potentia tempers, the various
combinations invaolving types and amourts of temper can be modelled in arder to assessthe
compositiona deviation d atempered clay from the origina clay if in fad thereisadifference
Thislatter isan important paint. If the compaosition of atemper matches that of the day to which
it isadded, no dfferencewill result. Conversely, even if atemper differs gredly from a day, the

diff erence between the mixed and urmixed clay might be insignificant if only limited amounts
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of temper are added.

Whil st naturall y ocaurring grit shoud be acceted as part of the day signature, deli berately added
temper, however, need na be atotally negative fador, as it coud provide afingerprint
identifying spedfic potters assuming they had their own, individualistic tempering pradices.
This begs the question, havever, of how chemicdly different atempered clay will be from a
similar but untempered clay. Theoreticd smulations carried ou by Neff et al. ( Neff et al. 1988,
1989 showed alinea relationship between the anourt of temper and the day. The deading
fadorswerethe anourt of temper relative to the day andthe differencein concentration ketween
the temper and the day. Thus, pure quartz would dl ute the mncentrations of al elements but
increase the anourt of SIO, depending uponthe two fadors mentioned abowve. A grit or crushed
sherd temper (e.g. Jacobson et al. 1998b, 199Pthat has a similar composition as the day to
which it is added (as aresult of being made previously from the same day) would result in no
ateration to the chemicd profile of that clay. To demonstrate this empiricdly, a number of

experiments were caried ou by mixing a day sample with various types of tempers.

The clay came from the farm Nonnashoek (Dreyer 1988. (Seesedion 2.6for further detail s).
The “bladk clay” sample was used in the experiment and eight randam samples were analysed to
obtain an average value (Table 2.1) for its composition. These eght samples were alditional to
the sample original y analysed together with the white day and pdsherds and reported in sedion
2.6and Jaobson et al. (1998b, 1999 Although these values suggest a degreeof variability in
the day, nae must be made of the fad that small samples (approx 30 gm) were taken from the
approximately 2 kg bulk sample withou any attempt at homogenisation and all ocated to eat
temper for subsequent crushing, weighing and mixing although ead temper was crushed (and
thus homogenised) in asingle operation. Therefore, some variability could have been introduced
into the day samples. Thisisnat amagjor problem asit ismore likely to replicaered life pradice
i.e. variability between pds or batches of pats. With the benefit of hindsight clay homogenisation
could have been carried ou as any vessl isobviously larger than a 30 gm sample and the raw
clay ismixed and kneaded by the potter but hopefully the mean value will be areasonably true
refledion d the bulk value.
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Table 2.1. Summary statistics for the eght bladk clay samples used in the temper study.

Mean SD CV% n min max
SO, 74.11 3.79 51 8 69.97 82.49
TiO, 0.54 0.06 111 8 0.42 0.62
AlLO, 15.40 2.28 14.8 8 10.29 18.04
Fe,O, 6.54 1.05 16.1 8 4.44 7.58
MnO 0.03 0.01 333 8 0.02 0.05
MgO 0.82 0.16 195 8 0.57 0.99
Cao 0.56 0.09 16.1 8 0.36 0.67
Na,O 0.19 0.05 26.3 8 0.13 0.25
K,O 1.78 0.27 15.2 8 1.20 2.01
P,Ox 0.03 0.00 0.00 8 0.02 0.03
TOTAL 100.00
Rb 121 17.2 14.2 8 84 138
Sr 75 9.4 127 8 54 85
Y 34 50 149 8 23 39
Zr 209 16.9 8.1 8 192 235
Nb 10 2.3 235 8 7 13
Cu 16 3.7 234 8 10 22
Ni 31 3.6 11.8 8 26 36
n 61 74 12.2 8 45 71
\ 90 9.1 10.1 8 71 102
Cr 96 6.5 6.8 8 87 107
Co 12 2.4 19.3 8 9 16

Five different tempers were used, namely, granite, andesite, quartz, charcoa and bore (Table
2.2). Variousratios of clay to temper were used for the diff erent experiments. Asthereisalinea
relationship between clay and temper (Neff et a. 1988, 1989 theoreticd values were cdculated
excluding the dcharcoa and bore tempers for which no suitable standards or compasitional

estimates were avail able.
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Table 2.2. The five temper samples.

Granite Unprovenanced cobde

Andesite Handaxe from the Vad River gravels nea Barkly West

Quartz Pure laboratory quartz

Charcoal Colleaed from abrad spot in Kimberley

Bone Dried catle long bores which had been badled for soupand then
discaded in adump

The granite, andesite and quartz tempers ill ustrate very nicdy the fad that the amount of
enrichment or dilution for any element depends uponthe anourt of temper added as well asits
absolute value (Tables 2.3-2.5). One example: in Table 2.3, when 33.336 granite temper is
added to the day, SIO, shows no change & the two values are dose but the value for Na,O is
significantly enriched (the day has a Na,O content of 0.1% whilst the granite temper has
4.068%). Even afive percent addition d temper would significantly enrich the value for Na,O.

Quartz temper ads osmewhat differently. In this case (Table 2.5) it is pure SiO, and apart from
enriching the day’s SIO,, it dilutes al the other elements. As an example of what the
enrichment/dilution would look like when subjeded to a crrespondence analysis, figure 2.1
shows the days, the andesite and granite experimental results as well as the theoreticd results
in ore analysis. Note the linea patterns between the day and ead o the two temperswhich is
mapped to the first two axes. By continually adding temper to the day the end d thetrendis
readed when the day disappeas and ony the temper remains. This linea pattern, rather than
a “cloud’ of paints, indicaes that significant tempering has occurred in ever increasing

amourts. An example will be discussed under the case studies.

With referenceto the demental concentrations of bore, there is an extensive range of articles on

the compaosition d human bore particularly for Ca and P but there ae no consistent or reliable
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Table 2.3. Datafor the mixing of granite temper with the blad clay.

A. Magor elements

SO, TiO, Al,O; Fe,0, MnO MgO CaO NaO K,0 P,O; TOTAL
Clay (n=8) 74.11 0.54 1540 6.54 0.03 0.82 0.56 0.19 1.78 0.03 100.00
Temper (n=2) t3 74.66 0.15 1395 1.44 0.04 0.23 1.27 4.06 4.16 0.04 100.00
Ratio T/C 1.01 0.28 091 0.22 133 0.28 2.27 21.37 2.34 1.33
Theoreticd values
% Temper
4.76% 74.15 0.52 15.33 6.30 0.03 0.79 0.59 0.37 1.89 0.03 100.01
9.9% 74.16 0.50 1526 6.03 0.03 0.76 0.63 0.58 2.02 0.03 100.01
16.606 74.20 0.47 15.16 5.69 0.03 0.72 0.68 0.84 2.18 0.03 100.01
23.100 74.25 0.45 15.07 5.36 0.03 0.68 0.72 1.08 2.33 0.03 100.01
28.600 74.27 043 1499 5.08 0.03 0.65 0.76 1.30 2.46 0.03 100.00
33.3: 74.30 0.41 1492 484 0.03 0.62 0.80 1.48 2.57 0.03 100.00
Experimenta values
Sample %

No Temper
t5 (n=3) 47680 74.76 0.49 1531 560 0.04 0.79 0.61 0.46 191 0.03 100.00
t7 (n=2) 9.9% 74.61 047 1524 5.32 0.05 0.77 0.65 0.80 2.06 0.03 100.00
t9 (n=3) 16.620 73.80 0.45 1522 492 0.04 1.10 0.74 1.34 2.35 0.04 100.00
t11(n=2) 23.10% 74.45 0.41 1495 4.44 0.04 0.62 0.80 1.75 2.51 0.03 100.00
t13(n=2) 28.60% 74.21 0.38 15.04 4.20 0.04 056 0.85 2.03 2.66 0.03 100.00
t15(n=2) 33.33% 74.28 0.37 14.88 391 0.04 0.56 0.89 2.27 2.76 0.04 100.00
Ratio E/T
t5 4.76% 1.01 094 100 0.89 133 1.00 1.03 1.24 1.01 1.00
t7 9.9% 1.01 094 100 0.88 167 1.01 1.03 1.38 1.02 1.00
t9 16.620 0.99 096 100 0.86 1.33 153 1.09 160 1.08 1.33
t11 23.100 1.00 091 099 0.83 133 091 1.11 1.62 1.08 1.00
t13 28.600 1.00 0.88 1.00 0.83 133 086 1.12 156 1.08 1.00
t15 33.3: 1.00 090 100 0.81 133 090 1.11 153 1.07 1.33
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Table 2.3 continued.

B. Trace éements

Rb & Y Zr Nb Cu Ni Zn \% Cr Co
Clay (n=8) 121 75 34 209 10 16 31 61 90 96 12
Temper (n=2) t3 61 284 0 119 1 54 2 34 10 9 3
Ratio T/C 0.50 3.79 0.00 0.57 0.10 3.38 0.06 0.56 0.11 0.09 0.25
Theoreticd values
% temper
4.76% 118 85 32 205 10 18 30 60 86 92 12
9.9% 115 96 31 200 9 20 28 58 82 87 11
16.606 111 110 28 194 8 22 26 56 77 81 10
23.100 107 123 26 188 8 25 24 55 72 76 10
28.600 104 135 24 183 7 27 23 53 67 71 9
33.3: 101 145 23 179 7 29 21 52 63 67 9
50.000%0 91 180 17 164 6 35 17 48 50 53 8
60.000 85 200 14 155 5 39 14 45 42 44 7
70.000%0 79 221 10 146 4 43 11 42 34 35 6
Experimenta values
Sample %

No temper
t5 (n=3) 4.76% 111 82 29 184 7 17 26 60 91 89 9
t7 (n=2) 9.9% 109 94 27 188 6 19 25 60 85 84 13
t9 (n=3) 16.606 104 117 24 177 6 22 22 55 73 75 8
t11(n=2) 23.100 99 134 21 172 5 28 20 54 65 60 8
t13(n=2) 28.600 98 147 19 171 5 30 19 51 58 65 8
t15(n=2) 33.3¢0 94 159 18 165 5 30 18 51 55 56 8
t17(n=2) 50.00%0 97 159 18 160 5 30 19 50 56 58 8
t19(n=2) 60.00%0 90 181 14 156 5 34 14 47 47 45 6
t21(n=2) 70.00%0 84 200 11 151 4 35 13 46 42 38 6
Ratio E/T
t5 4.76% 094 096 091 090 0.70 0.94 0.87 1.00 1.06 0.97 0.75
t7 9.9% 0.95 098 0.87 094 0.67 095 0.89 1.03 1.04 097 1.18
t9 16.60 094 1.06 086 091 0.75 1.00 0.85 0.98 0.95 0.93 0.80
t11 23.100 093 1.09 081 091 0.63 1.12 0.83 0.98 0.90 0.79 0.80
t13 28.600 094 1.09 0.79 093 0.71 1.11 0.83 0.96 0.87 0.92 0.89
t15 33.3: 0.93 1.10 0.78 0.92 0.71 1.03 0.86 0.98 0.87 0.84 0.89
t17 50.000% 1.07 0.88 1.06 098 0.83 086 1.12 1.04 1.12 1.09 1.00
t19 60.000%0 1.06 091 100 101 100 0.87 1.00 1.04 1.12 1.02 0.86
t21 70.000%0 1.06 090 1.10 103 1.00 0.81 1.18 1.10 1.24 1.09 1.00
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Table 2.4.Datafor the mixing of Andesite temper with the bladk clay.

A. mgor elements

SO, TiO, AlLLO; Fe,0O; MnO MgO Ca0O NaO K,O0 P,O, TOTAL
Clay (n=8) 74.11 054 1540 6.54 0.03 0.82 0.56 0.19 1.78 0.03 100.00
Temper (n=2) t2 58.19 0.85 16.13 9.31 0.15 598 513 2.74 1.35 0.17 100.00
Ratio T/C 0.79 157 1.05 142 5.00 7.29 9.16 14.42 0.76 5.67
Theoreticd values
% Temper
4.76% 73.35 055 1543 6.67 0.04 1.07 0.78 0.31 1.76 0.04 100.00
9.9% 7252 0.57 1547 6.82 0.04 1.34 1.02 0.44 1.74 0.04 100.00
16.6 06 7146 059 1552 7.00 0.05 1.68 1.32 0.62 1.71 0.05 100.00
23.100 70.43 0.61 1557 7.18 0.06 2.01 1.62 0.78 1.68 0.06 100.00
28.606 69.55 0.63 1561 7.33 0.06 2.30 1.87 0.92 1.66 0.07 100.00
33.3%% 68.81 0.64 1564 7.46 0.07 254 2.08 1.04 1.64 0.08 100.00
Experimental values
Sample %
No temper
t4 (n=3) 4780 75.28 052 1466 559 0.04 1.06 0.80 0.35 1.66 0.04 100.00
t6 (n=2) 999 74.02 053 1483 584 0.05 143 1.07 052 1.66 0.05 100.00
t8(n=2) 16.6”0 71.76 0.58 15.15 6.40 0.07 1.92 1.54 0.87 1.64 0.07 100.00
t10(n=2) 23.106 69.94 0.61 1535 6.79 0.09 253 191 1.08 1.62 0.08 100.00
t12(n=2) 28.606 68.76 0.62 15.46 6.94 0.09 294 2.27 1.28 1.55 0.09 100.00
t14(n=2) 33.3% 67.59 0.66 15.79 7.32 0.09 296 247 1.43 159 0.10 100.00
Ratio E/T
t4 4766 1.03 095 095 0.84 1.00 0.99 1.03 1.13 0.94 1.00
t6 99% 1.02 0.93 096 0.86 1.251.07 1.05 1.18 0.95 1.25
t8 1662 1.00 098 098 0.91 1.401.14 1.17 1.40 0.96 1.40
t10 23.1060 0.99 1.00 099 0.95 1.501.26 1.18 1.38 0.96 1.33
t12 28600 0.99 098 0.99 0.95 1.501.28 1.21 1.39 0.93 1.29
t14 33.3% 0.98 1.03 1.01 0.98 1.291.17 1.19 1.38 0.97 1.25
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Table 2.4 continued. Andesite temper

B. Trace éements.

Rb S Y Zr Nb Cu Ni Zn \ Cr Co
Clay (n=8) 121 75 34 209 10 16 31 61 90 96 12
Temper (n=2) t2 27 175 17 148 7 18 148 95 209 414 22
TIC 022 233 050 0.71 0.70 1.13 4.77 156 2.32 4.31 1.83
Theoreticd values
% Temper
4.76% 117 80 33 206 10 16 37 63 96 111 12
9.9% 112 85 32 203 10 16 43 64 102 128 13
16.606 105 92 31 199 9 16 51 67 110 149 14
23.100 99 98 30 195 9 16 58 69 117 169 14
28.600 94 104 29 192 9 17 64 71 124 187 15
33.3: 90 108 28 189 9 17 70 72 130 202 15
50.000%0 74 125 26 179 9 17 90 78 150 255 17
60.000 65 135 24 172 8 17 101 81 161 287 18
70.000%0 55 145 22 166 8 17 113 85 173 319 19
Experimenta values
Sample %
No Temper
t4 (n=3) 4.76% 102 72 28 187 6 12 33 62 100 113 11
t6 (n=2) 9.9% 100 77 27 182 7 14 38 63 108 134 12
t8(n=2) 16.6R% 92 90 27 180 6 13 51 67 119 168 11
t10(n=2) 23.10% 87 100 26 182 7 15 61 71 129 192 15
t12(n=2) 28.60% 82 105 25 176 7 16 68 73 137 208 15
t14(n=2) 33.33% 81 112 24 177 6 15 75 75 144 235 15
t16 (n=2) 50.00% 82 113 26 183 7 17 72 76 144 222 15
t18(n=2) 60.00% 73 122 23 174 7 17 86 77 155 255 16
t20(n=2) 70.00% 65 132 22 168 7 17 96 81 167 280 16
Ratio E/T
t4 4.76% 0.87 0.90 0.85 0.91 0.60 0.75 0.89 0.98 1.04 1.02 0.92
t6 999 0.89 091 0.84 0.90 0.70 0.88 0.88 0.98 1.06 1.05 0.92
t8 16.6% 0.88 0.98 0.87 0.90 0.67 0.81 1.00 1.00 1.08 1.13 0.79
t10 23.106 0.88 1.02 0.87 0.93 0.78 0.94 1.05 1.03 1.10 1.14 1.07
t12 28606 0.87 1.01 0.86 0.92 0.78 0.94 1.06 1.03 1.10 1.11 1.00
t14 33.33% 0.90 1.04 0.86 0.94 0.67 0.88 1.07 1.04 1.11 1.16 1.00
t16 50.00 1.11 0.90 1.00 1.02 0.78 1.00 0.80 0.97 0.96 0.87 0.88
t18 60.006 1.12 0.90 096 1.01 0.88 1.00 0.85 0.95 0.96 0.89 0.89
t20 70.000 1.18 091 1.00 1.01 0.88 1.00 0.85 0.95 0.97 0.88 0.84
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Table 2.5. Datafor the mixing of quartz temper with the blad clay.

A. Mgjor elements

SO, TiO, AlLO; Fe,O; MnO MgO CaO NaO K, 0 P,O, TOTAL
Clay (n=8) 7411 054 1540 6.54 0.03 0.82 056 0.19 1.78 0.03 100.00
Temper 100.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 100.00
Ratio t/c 1.35 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Theoreticd values
% temper
3.8% 75.10 0.52 1481 6.29 0.03 0.79 054 0.18 1.71 0.03 100.00
13.3% 7755 047 13.35 5.67 0.03 0.71 0.49 0.16 154 0.03 100.00
28.6% 81.50 0.39 11.00 4.67 0.02 0.59 040 014 1.27 0.02 100.00
42.9% 85.21 031 8.79 3.73 0.02 047 0.32 011 1.02 0.02 100.00
Experimental values
TQ1 (3.8%) 7554 050 1457 6.16 0.02 0.70 0.52 0.18 1.69 0.12 100.00
TQ2 (13.20) 77.70 0.46 13.22 5.75 0.02 0.61 047 0.15 150 0.12 100.00
TQ3 (28.600) 81.74 0.37 10.79 4.75 0.01 0.50 0.39 0.10 1.23 0.12 100.00
TQ4 (42.9%) 85.61 0.28 844 3.81 0.02 0.38 0.32 0.06 096 0.12 100.00
Ratio e/t
3.8% 1.01 096 0.98 0.98 0.67 0.89 096 1.00 0.99 4.00
13.3% 1.00 098 0.99 101 0.67 0.86 096 0.94 0.97 4.00
28.6% 1.00 095 098 1.02 050 0.85 0.98 0.71 0.97 6.00
42.9% 1.00 090 096 1.02 1.00 0.81 1.00 0.55 094 6.00
B. Trace ¢éements

Rb Sr Y Zr Nb Cu Ni Zn \Y Cr Co
Clay (n=8) 121 75 34 209 10 16 31 61 90 96 12
Temper 0 0 0 0 0 0 0 0 0 0 0
Theoreticd values
% temper
3.8% 116 72 33 201 10 15 30 59 87 92 12
13.3% 105 65 29 181 9 14 27 53 78 83 10
28.65 86 54 24 149 7 11 22 44 64 69 9
42.9% 69 43 19 119 6 9 18 35 51 55 7
Experimental values
TQ1 108 73 30 194 6 13 26 60 87 89 19
TQ2 98 67 29 176 4 12 24 55 77 82 19
TQ3 82 56 24 147 3 10 20 46 65 71 13
TQ4 63 43 16 116 0 8 16 37 50 42 10
Ratio e/t
3.8% 0.93 101 091 097 0.60 0.87 087 102 1.00 0.97 1.58
13.3% 0.93 1.03 1.00 0.97 0.44 086 089 104 099 0.99 1.9
28.6% 095 1.04 100 0.99 043 091 091 105 1.02 103 1.44
42.9% 091 100 084 0.97 0.00 0.89 0.89 106 098 0.76 1.43
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Figure 2.1.Corresponcdence analysis plot of andesite and granite tempers and clays. Seetext for
further detail s.
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estimates. For example, values for Ca (in humnan bore) range from 20.1- 39.®% whil st that for
P range from 9.2 - 18.0% depending uponwhether or not fresh bore is analysed, the burial
context of the bore (Hancock et a. 1989 Table 7) or the part of skeleton (Bradter et a. 1977.
White & Hannus (1983 quae data for, presumably fresh, cow bones which range from 5.7 -
12.%% for Pand 12.022.0% for Ca. Vauesfor other elements (in human bore) have very wide
ranges. For example, Na can range from 9700 ppn (Hancock et a. 1989 Table 7), to 5470 pm
(Kyle 1986 Table 1) or 3.3%3% (Edward & Benfer 1993 Table 4) but whether these values are
normalised to 100% is not made dea. It also neads to be pointed ou that the compaosition o
bore can vary due to fadors sich asdiet (Jones & Weeks 1985 Kyle 1986 Francdacd 1989
Baraybar & delaRua 1997 aswell asdiagenesis (Lambert et d. 1985 Edward & Benfer 1993
Trueman et al. 2004, bah o these fadors ading uponead aher in addition. There is thus
likely to be some form of crosscontamination between afired clay matrix and any bore temper.
In any case, if pottery is tempered with bore, the dements having the mgor effed on
composition, depending upontheir relative concentration, would be CaO and P,O; From table
2.7it isobviousthat by the stage that 13.3% bore temper (sample T52b) had been added to the
clay, the CaO and espedally P,O; levels are obviously high. Of the other elements, only Na,O
and Sr show asmall i ncrease indicding their presencein the bore in larger amounts than in the

clay inthis case.

The only locditi esknown where boreis either known to be used o has been identified as temper
isinthe Kavango region d Northern Namibia and in Botswana & the Tsodil o Hill s (Rudrer, I.
1965 Woods 1984). The few analysed sherds from the Kavango generaly have low P,O,
values (Appendix A4.3.2 and have no Misible bore temper but amongst the Tsodilo Hill s
samples are three sherds which stand ou sharply with resped to their CaO and P,O, values
(Table 2.6). Sherds bz3, kz7 and kz10 contain visual traces of bore and have enriched values for
these two elements ranging from 10 - 15% for the former and 7 - 11% for the latter. The
compasitional similarity between kz3 and 210 could argue for them coming from the same
vess but all are obviously heavily bore tempered as described by Rudrer (1965 Table 1). The
boreisnat dwaysvisible ait isembedded in the body of the sherd but compared to the data for
Ca0 and P,O. in Table 2.7,they could contain approximately 25% temper.
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Table 2.6. Examples of pottery (from Botswana) charaderised by bore and charcoal temper.

bz3 bz7 bz10 bz6 bzl2 bz4 bz5 bz9 bzll bz28

SO, 47.14 60.18 45.65 51.17 51.10 57.15 57.69 35.26 73.45 51.24
TiO, 056 054 054 071 070 060 059 040 0.18 0.70
AlLO, 11.87 12.14 11.18 15.15 14.41 14.28 14.73 11.50 3.28 15.12
Fe,O, 288 350 267 344 361 333 321 279 366 3.39
MnO 0.02 0.03 001 0.03 003 003 0.03 0.02 0.04 o0.02
MgO 052 027 042 034 033 047 053 029 033 0.28
CaOo 15.15 1053 1563 0.80 0.40 259 210 1.02 054 0.49
Na,0O 026 021 023 0.02 003 011 014 0.00 0.08 o0.01
K,O 146 084 105 102 093 135 161 095 0.33 0.94
P,O 11.00 7.30 11.06 0.21 024 033 0.19 0.20 0.89 0.16
H,O- 168 108 157 478 530 290 297 481 390 5.78
LOI 751 4.03 8.84 2250 23.05 16.99 16.84 4255 13.84 22.22
TOTAL 100.05100.65 98.85100.17 100.13 100.13 100.63 99.79 100.52 100.34
Rb 57 42 47 40 37 38 44 32 15 37
Sr 258 200 287 82 49 118 116 72 60 55
Y 19 19 18 18 17 13 12 3 1 19
Zr 149 198 150 198 209 123 120 66 57 198
Nb 12 10 11 7 8 7 6 0 0 7
Cu 16 14 12 6 5 14 12 16 0 5
Ni 15 19 16 19 18 21 20 17 20 18
Zn 72 54 67 a7 33 32 30 30 22 37
\Y 91 103 91 186 196 175 176 194 101 189
Cr 51 72 50 106 109 89 87 96 87 104
Co 8 10 6 16 15 18 14 17 21 15
bz3 Tsodilo %a bore and ?charcoal tempered

bz7 Tsodilo 21 rim sherd, bore and ?charcoal tempered

bz10 Tsodlo % bore and ?charcoal tempered

bz6 Tsodilo 9 thick coarse sherd, charcoal tempered: dugicae of bz12

bz12 Tsodlo 9 dugicae of bz6

bz4 Tsodilo 24.1 charcoal tempered

bz5 Tsodilo 24 charcoal tempered, vesicles

bz9 Tsodilo 12 crosshatched thick rim sherd, charcoal tempered

bz11l Tsodilo 14 charcoal and quartz tempered
bz28 Tsodilo 9c3: charcoal tempered
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Table 2.7.Datafor the bore temper mixed with bladk clay.

A. Magor elements

SO, TiO, AlLO; Fe O, MNO MgO CaO NaO K,0 P,0O; TOTAL
Clay (n=8) 74.11 0.54 1540 6.54 0.03 0.82 0.56 0.19 1.78 0.03 100.00
Experimenta values
Sample %
No temper
T50b 1.6% 73.62 0.56 15.17 6.28 0.02 0.83 1.10 0.23 1.73 0.46 100.00
T51b 3.8 72.49 0.54 14.78 6.12 0.03 0.88 2.06 0.23 1.68 1.19 100.00
T52b 13.3% 67.78 0.46 13.62 5.76 0.02 0.85 5.67 0.28 1.57 3.99 100.00
T64b 23.3%0 61.98 0.43 1254 5.35 0.01 0.89 9.83 0.33 1.45 7.19 100.00
B. Trace éements

Rb S Y Zr Nb Cu Ni Zn V Cr Co
Clay (n=8) 121 75 34 209 10 16 31 61 90 9% 12
Experimenta values
Sample %
No temper
T50b 166 117 79 33 211 11 14 27 60 90 86 11
T51b 3.8 112 81 32 198 10 13 25 60 87 88 11
T52b 13.3%% 103 96 29 178 10 12 26 64 76 84 11
T64b  23.3% 94 112 26 158 9 10 23 65 72 80 11
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Table 2.8. Datafor the mixing of charcoal temper with the bladk clay.

A. Mgjor elements

S0, TiO,

Clay (n=8)

Experimental values
Sample %
No Temper

T60c 1.64%4 74.00 0.55
T6lc 3.8%% 74.12 0.55

1541
15.20

T62c 13.33% 73.37 0.54 15.24
T63c 23.53% 71.98 0.54 15.09

B. Trace ¢éements

Rb
Clay (n=8) 121

Experimental values
Sample %
No Temper
T60 1.686 122
T61 3.832%6 116
T62 13.32% 107

78
75
74

33
31
28

AlL,O; Fe,O; MnO MgO
74.11 0.54 15.40

6.54 0.03 0.82

6.51
6.49
6.35
6.59

Zr
209

196
188
180

0.02
0.03
0.03
0.03

Nb
10

[ERN
0 © o

0.85
0.84
0.89
0.99

Cu
16

13
13
11

CaO
0.56

0.65
0.79
1.55
2.72

Ni
31

28
27
23

Na,O
0.19

0.21
0.18
0.12
0.06

Zn
61

59
58
54

K,O
1.78

1.77
1.77
1.87
1.96

90
88
85

P,0, TOTAL

0.03

0.03
0.03
0.04
0.04

Cr
96

95
93
88

100.00

100.00
100.00
100.00
100.00

Co
12

11
12
13

Charcoal temper has aso been described from thisregion (Rudrer, 1. 1965 Woods 19843 and
amongst the Tsodil o sherds coll eded by Rudrer (1965 werethosewith obvous charcoa temper,
namely, bz6, 12, 4, 5, 9, 11and 28(Table 2.6). Charcoal is burnt wood. Wood can contain

appredable anourts of Ca andK to name but two elements. Compositiona plant data presented

in Conna and Shadlette (1975, athough for North American spedes guch as oak and hickory,

show that up to approximately 34% Ca and 126 K can be foundin certain trees (measured on

plant ash). Obviously then, charcoal is not necessarily neutral in composition. Judging by the

datain Table 2.8, the charcoal used in this experiment was enriched in CaO and perhaps with
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lesser amourts of K,O. It isaso obviousthat charcod and probably any other organic comporent
including bore, resultsin avery high LOI, well i nto doulbe figures (Table 2.6). Thisalone shoud
aert oneto thefad that tempering had taken pdace adthat the datado nd only represent values
for a day.

Temper can make sherds lessthan useful for provenancing unlessthey contain a unique marker
element that is representative of asingleregion. For example, if bone and/or charcoa tempered
pattery can be regarded as charaderistic of northeastern Namibia and nathwestern Botswana,
this could provide avisual provenancing marker. If, then, such sherds are found in low
frequencies elsewhere in the region, it may be assumed that they could have been traded o
exchanged from that area These unusua forms of tempering are dso interesting in that they are
behavioura indicaors representing locd adaptations to, presumably, poa quality clays or even
less ill ed imitations of better quality wares.

2.4 MIXED CLAYS AND MULTIPLE CLAY SOURCES

2.4.1 The use of several different clays at one site

It ispossblethat either asingle or severa pottersin a ommunity used avariety of clays with
different chemica signatures over the @murse of time ather as a result of a single source
beacoming exhausted, reasons of witchcraft or perhaps becaise they had dfferent properties
suitable for different types of pats (eg, cooking, storage, etc). The example of the potter from
Nonneshoek who wsed two dff erent thowgh urmixed claysisinstructive (seesedion 2.6 f@ow).
It has been nded in the Kavango, Namibia (A. Otto, pers. comm.) that women pdters are
generaly very seaetive dou thelocation d their clay sources andthat they use several over the
course of time. These sources were shallow haes dug into a river terrace ad which were
changed either if the quality of the day, in terms of their judgement, was not consistent as the
hoewas enlarged o else someone dse got to knaw of the locaion. Thislatter reason apparently
was linked to witchcraft and the fea of someone putting a spell onthe day, and hencethe pot

and food pepared therein, that might cause harm to the user. Such regular changes could, ina
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geochemicaly variable environment, introducethis variability to the homestead or vill age pot

asemblage.

Such pradices can therefore be problematicd from an interpretive aped. Only an understanding
of thelocd geology and geochemistry can assst in sorting out locd from any patential imported
wares. Idedly, the full range of locd clays shoud be sampled bt this can be an expensive and

time wnsuming matter and, more importantly, na aways successul.

2.4.2 Mixed clays

Potters who mix clays from diff erent sources present the same type of problem asthat of temper
which was discussed in the previous dion. Depending uponthe composition o ead clay and
the relative anourt used, the most relevant concern is whether the mixing is consistent.
Inconsistent mixing of two chemicdly variable days could result in a compositionally variable
ves=l (i.e., different sherds from the same vessel could give diff erent results) whil e diff erent
mixing ratios between batches will also result in a spurious variability. Clay mixing also
presuppaes that there ae compositionaly variable days nea asettlement. Thiskind d problem
is more difficult to ded with withou a detailed geochemica knowledge of the site. It aso

emphasises the need for alarge suite of sherds for analysis.
If one makes the nat unreasonable asumption that most pottery found ona site was locdly

made, then it islikely that two or three dusters of chemicdly similar sherds containing most of

the suite aelikely to belocd.

2.5 DIAGENENSIS AND CONTAMINATION RESULTING FROM USAGE AND POST-
DISCARD PROCESSES

The big questionis whether apat can have its compasition changed either through use or as a

result of being either buried or lying onthe surfacesubsequent to being discarded. Residues from
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cooking or other food a beverage preparation tedhniques or storage auld adhere to a pat and
survive burial (Patrick et a. 1985 Copley et al. 2009 but as they would be organic in arigin, it
is douliful whether these would influence the bulk compasition. Precaitions can be taken,

however, to remove ay visible residues by washing the sample before preparation.

Most pubications deding with the chemicd analysis of pottery contain littl e or no dscusson
abou the dfeds of buria onthe cmpaosition d the ceamic dthough a number of studies have
been caried ou over the yeas. Water, for example, in theimmediate environment of a patsherd
could have aroleto play in affeding its composition. Thiswas suggested by Fregh (Fregh 1967
who had analysed a suite of sherds and who foundthat seledive paost-depaositional changesin
Ca0 and MnO content had taken place Sherds from the same vessl but from below the water
table were eriched in these two el ements relative to sherds from abowve, in the cae of CaO by
up to three times as much. If one aumes that these sherds soud have been similar in
composition (as they could be joined thus indicaing they came from a single vessd), then
obviously the asciation with water must be resporsible. In this case, the sherds were tempered
with shell andit is hypothesised that water percolating down through the sediments would have
disolved the shell (CaO) out of thase sherds abowve the water table and re-deposited it on sherds
below the water table. The eriched MnO sherds would result from staining by MnO saturated
water. Obvioudly, thisis an interplay of very locdised fadors.

Schwedt et al. (2004 examined the diff erence between the surfaceof an eroded sherd and its
core and found changes gedficdly in Cabut alsoin Cs, Rb, K and Na & well as afew Rare
Earth Elements (REES). They used Neutron Activation Analysis (NAA), atechnique which orly
reguires milli grams of sample for anaysis. It would have been interesting to know if there was,
in fad, any red difference between anorma and a wrroded sherd if atypicd buk XRF anaysis
had been caried ou.

Studies of kiln fired pdtery have foundthat compositional aterations are influenced by firing
temperatures. Cs (not analysed in this gudy) is adsorbed in low fired (<750°C) pottery whereas

the dkali elements are leaded in pas with extensive vitrificaion whil st very highly fired pas
(>950%C) exhibit leading of K and Rb bu enrichment of Na (Buxeda i Garrigos et a. 2001,
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2002. As South African pdtery can best be cdegorised as low fired, these studies are of
cautionary interest but not diredly relevant.

Table 2.9. Summary statistics for P,O; in pdtery and sediments. Seetext for further detail s.

IronAge CapeCoasta  Karoo Karoo  Geologicd Archaeologicd
sherds sherds sherds®” sherds® sediments  sediments

Mean 0.42 0.16 0.46 0.27 0.10 0.88
Standard Deviation 0.87 0.12 0.61 0.18 0.08 1.39
Minimum 0.03 0.03 0.04 0.04 0.00 0.02
Maximum 12.51 0.87 2.85 0.87 0.40 5.95
CV % 207 75 133 67 80 158
N = 682 323 46 41 119 45

One cetain contaminant isthat of phospharus. It has been demonstrated that phospharus in the
soil isrealily adsorbed orto avariety of materiasincluding potsherds and seeds (Freestone &
al. 1985. Hence it hasnored interpretive provenance value and when recdcul ating the major
elementsto 100 (seesedion 1.2 for the purposes of statisticd evaluation, it is omitted. Table
2.9 shows simmary statistics for the P,O, values in threegroups of pottery and two groups of
sediments. Figure 2.2 showsthe distribution d the values in the form of bar charts. Cape Coastal
(or Khaisan) sherds are usually found on opn sites or else in shell middens with littl e ash for the
most part hence their low average for P,O.. Iron Age sherds on the other hand are often
excavated from ash middens which contain na just woodash bu bore and bore ah hencetheir
higher average value. The Karoo LSA samples have the highest average of the threebut one must
note that the sample size is much small er and thus nat full y representative of that popuation. In
fad, the sherds with the five highest values come from the excavation d the Roosfontein Shelter
(Klatzow 1994 andrange from 1.08% to 2.8%% thus boasting the average (Appendix A2.1). If
one removes the five Roosfontein samples, the arerage drops to 0.2 (Table 2.9 Karoo
sherds®). These sherds must have become cntaminated whil st buried.
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Table2.10.K2 split sherd analysis. VC36 isthe encrusted piece VC29the deaned piece

VC36 VC29
SO, 63.12 63.22
TiO, 1.46 1.46
AlLO, 13.18 13.43
Fe,O, 8.24 8.41
MnO 0.12 0.13
MgO 5.37 5.33
CaO 3.83 3.34
Na,O 154 1.64
K,O 2.84 2.78
P,Ox 0.30 0.26
TOTAL 100.00 100.00
Rb 77 79
Sr 381 369
Y 25 25
Zr 285 299
Nb 16 16
Cu 51 51
Ni 248 250
n 85 89
\Y 134 137
Cr 354 384
Co 37 40

Ratio
VC36/VC29
0.998
0.999
0.981
0.980
0.922
1.008
1.148
0.942
1.021
1.127

0.975
1.033
1.000
0.953
1.000
1.000
0.992
0.955
0.978
0.922
0.925
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Figure 2.2.P,0O; valuesin pdtery and sediments from a variety of sources.

A. Cape Coastal and Iron Age paottery.
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Figure 2.2 continued. B. Karoo Later Stone Age pattery.
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Figure 2.2 continued. C. Archaeologicd and geologicd sediments.
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Figure 2.3. Microprobe scan showing the distribution d Ca acossfour sherds.
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Figure 2.3 continued.
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Figure 2.4.Microprobe scan showing the distribution d P aadossfour sherds.
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The contrast between the geologicd sediments and the achaeologicd sediments, which have
been modified by anthropagenic additions sich aswoodand bore ah, orce ajain demonstrates
that P,O; isin fad a marker of human adivity. It needs to be borne in mind, havever, that not
all buried sherds become cntaminated with phasphaus and that nat all high phaphaus levels
arise from contamination. As e abowve in sedion 23, the latter condtion can arise from bore
temper added to the day.

During the aurse of this projed it had been the pdlicy to orly sample relatively fresh looking
sherds. Any encrustations, sand a dust were removed by cloth or by washing either in water or
adightly addic solution, this having no effed onthe cmpasition d the sherd (Schneider et al.
1991 quaed in Schwedt et a. 20094. When seleding sherds from K2 for analysis, however, a
large sherd with alight grey coating over the surfacewas naticed and chasen for further study.
This $erd was lit: one half was analysed urcleaned (VC36) whil st the other half (VC29) was
medanicaly cleaned by having the wating scraped off with a plastic knife. The deaned sherd
was aso analysed bu unfortunately nat enough o the aating was avail able for an anaysis.

Table 2.10showsthe compositiona datafor these two sherds. It will be apparent that the biggest
diff erence between the two is the reductionin the value of CaO and P,O; by 14.8% and 12. 2%
respedively from the aated to the deaned sherd. This diff erence may not be significant and
could result from the variable distribution d these dements. However, the relatively enriched
P,O; levelsin the sherd suggeststhat it had been lying in an ashy midden or krad. As phasphaus
isredlily adsorbed orto buied oljeds such as pattery, it istherefore quite likely that this coating
was formed from either wood @ other ash in amidden or else ahed krad manure which was
deposited on the sherd when the deposit was moist possbly from rain or animal urine. Data
demonstrating high levels of P,O; in ashed krad manure can be foundin Jacobsonet a. (2003
Table 1). For further details on ph@phaus contamination o sherds se Table 2.9 and the
discussonabove. Whether the mating was purely a surfacephenomenon a whether it infilt rated
the whale sherd (typicd ceramics being porous) could not be determined. A visual examination
of the sherd reveded no obvous evidencefor this. Thereis aso the passhility that the mating
prevented the subsequent infiltration o soil solutions and any ac@mpanying elemental

contamination by seding the poresin the body of the sherd.

48

Document Produced by deskPDF Unregistered :: http://www.docudesk.com



Table 2.11.Summary data for the XRF and Microprobe analyses. Note: all data normalised to
100%. Thislist omits Cl and Cr in order to make it comparable with the XRF data.

MH1 Si Ti Al Fe Mn Mg Ca Na K P
XRF 59.41 0.97 16.29 9.23 0.14 156 541 1.72 499 0.26
Probe mean (n=100  48.14 1.30 16.81 19.17 0.26 1.35 6.69 1.91 3.72 0.64
Standard Deviation 22.12 4.22 895 16.78 0.40 1.34 9.34 3.39 5.25 0.88
Minimum 0.21 0.00 0.02 0.15 0.00 0.00 0.00 0.00 0.00 0.00
Maximum 99.50 35.89 45.78 77.28 1.86 7.01 64.85 15.23 23.26 5.36
CV (%) 46 324 53 88 151 99 140 178 141 137
XRF/Probe 1.23 0.75 0.97 048 054 1.16 0.81 0.90 1.34 041
MH2 Si Ti Al Fe Mn Mg Ca Na K P
XRF 56.22 1.64 14.68 9.77 0.14 5.00 5.79 2.03 4.52 0.22
Probemean (n=100 36.60 2.64 25.55 16.48 0.41 3.15 6.19 1.51 6.77 0.70
Standard Deviation 18.10 6.50 19.53 10.53 0.92 3.09 7.18 2.49 8.98 1.21
Minimum 0.00 0.01 0.89 0.21 0.00 0.00 0.03 0.00 0.03 0.00
Maximum 76.28 49.01 97.15 45.99 8.4622.63 47.46 17.84 76.30 8.13
CV (%) 49 246 76 64 226 98 116 166 133 171
XRF/Probe 154 062 0.57 059 034 159 0.94 1.34 0.67 0.31
MH3 Si Ti Al Fe Mn Mg Ca Na K P
XRF 65.48 0.53 15.73 6.67 0.03 0.94 164 157 7.13 0.27
Probemean (n=110 63.27 0.73 16.47 9.04 0.17 1.24 157 192 526 0.32
Standard Deviation 25.01 1.12 16.04 11.67 0.64 1.20 1.80 3.24 5.52 0.46
Minimum 1.53 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Maximum 99.69 7.75 97.53 78.79 6.53 4.38 8.94 15.79 26.29 2.11
CV (%) 40 154 97 129 369 97 115 169 105 146
XRF/Probe 1.03 0.73 0.96 0.74 0.18 0.76 1.04 0.82 1.36 0.84
MH1 Chibvumane, Zimbabwe
MH2 K2, Shashi-LimpopoValley
MH3 Kastedberg, Western Cape
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Table2.11 continued.

MH4 Si Ti Al Fe Mn Mg Ca Na K P
XRF 57.29 1.13 17.00 11.36 0.16 3.20 4.32 1.72 3.63 0.18
Probemean (n=100 39.76 1.33 21.11 18.30 0.36 3.26 9.53 1.31 4.20 0.84

Standard Deviation 19.34 2.20 15.90 14.01 0.45 2.60 11.89 2.32 5.76 1.20

Minimum 0.25 0.00 0.19 0.80 0.00 0.00 0.02 0.00 0.00 0.00

Maximum 88.58 16.63 96.29 64.43 2.8517.72 75.39 14.28 47.61 6.72

CV (%) 49 165 75 77 127 80 125 178 137 142
XRF/Probe 1.44 0.85 0.81 0.62 0.44 098 045 1.31 0.86 0.21
MH4 VictoriaWest Area

Freestore @ a. (1989 provide datato show that contamination d sherds occurs at the inner and
outer surfaces and that a microprobe analysis aaossa aoss £dion would show a U-shaped
distribution, i.e., enriched onthe outer surfaces but depleted in the cantre of the sherd. To assess
this, thin sedions were ait from four randam sherds which had been colleded from widely
dispersed locditi es and from very diff erent contexts, ie, Iron Age (mhZ1, Chibvumane, Zimbabwe
and mh2,K2, Shashi-LimpopoValey), Kha pastordist (mh3, Kastedberg, Western Cape) and
San hurter-gatherer (mh4, Victoria West areg). In addition to the usual analysis by XRF, ore

hunded pants were scanned acdosseadt sedionwith 110 ponts on MH3.

It neads to be noted here that seleded data (CaO and P,O;) for sherd mh2 had been puldished
previousy (Jacobson et al. 1995%). In this case, the average of every successve ten pants was
plotted. No U-shaped curve was noted although there seemed to be atrend o CaO enrichment

towards the surfaceof the sherd.

The summary data for the aurrent study is presented in Table 2.11 bah for the probe and XRF
analyses. Figures 2.3and 2.4ill ustrate the distribution for Ca and P respedively through the thin
sedionsfor eat sample. For this current study, ead pant was plotted in sequencetogether with
lines ill ustrating the mean value for the probe data and the value for the XRF bulk sample. Note

that the verticd axes are nat the same for eat graph.
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Table 2.12. Datafor the five potsherds and two clays. Base, rim and body refer to the type of
sherd analysed; these were coll eded from broken fragments foundat the homestead. Seetext for
further detail s.

bc8 baseO0 rim4 body7 wc9 base5 body6

SO, 67.00 76.27 74.74 73.39 76.81 81.04 80.62
TiO, 044 054 058 058 0.67 071 0.72
AlLO, 13.78 13.78 14.37 14.96 10.99 11.23 11.68
Fe,O, 6.24 529 555 571 339 376 3.98
MnO 0.02 0.02 0.03 0.01 0.01 0.01 o0.01
MgO 054 057 060 061 028 0.28 0.28
CaO 054 046 051 052 025 0.25 0.27
Na,0 0.12 0.23 0.18 0.21 0.04 0.00 0.00
K,O 151 182 186 186 140 152 154
P,O 0.03 0.04 0.04 0.03 0.03 0.03 0.03
H,O- 3.70 021 026 066 1.88 0.29 0.27
LOI 6.57 0.79 197 167 393 0.65 0.85
TOTAL 100.49 100.02 100.69 100.21 99.68 99.77 100.25
Rb 116 119 119 127 81 88 88
S 72 71 73 76 45 49 49
Y 32 36 37 38 26 30 31
Zr 195 243 253 261 358 381 390
Nb 7 10 10 11 11 13 13
Cu 17 15 16 17 6 9 9
Ni 30 25 25 26 13 12 13
Zn 62 55 55 60 32 33 33
Vv 91 85 85 89 96 88 87
Cr 91 74 79 81 70 65 66
Co 16 11 11 10 4 3 4
bc Blad clay

base 0 Base sherd

rim 4 Rim sherd

body 7 Body sherd

wc White day

base 5 Base sherd

body 6 Body sherd
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Neither of the two elements show any U-shaped curve. P shows nathing in the way of atrend
through the thin sedionfor any of the sherds. For Ca, only sherds mh2 and mh4 show an apparent
enrichment towards the right hand surfacebut the former is not too convincing as it does not
quite read the surface Only the latter might qualify but it is not a mntinuows acaimulating

enrichment.

From all the @owe, it is quite obvious that condtions condicive for contamination a diagenesis
are likely to be highly locdised, even within ore site or spedfic locdity within ore site. Dry
buria is unlikely to have any effed but exposure to groundvater or moisture from any other
source, depending uponintensity and duation d contad time could have amaterial affed.
Further systematic reseach with spedfic referenceto South African condtions gill needsto be

conduwcted in order to resolve some of these isaues.

2.6 AN ETHNOGRAPHIC EXAMPLE

The samples

The samples for analysis were mlleded by J. Dreyer from Mrs Evelina Mokoena of the farm
Nonnashoek in the Bethlehem District, who at the time was making pattery using traditional
methods ( Dreyer 1988. The potter used two types of clay, ore abladkish clay from the neaby
vlei, the other a whitish clay from aroad cutting through aridge nea the house (referred to in
Dreyer (1988 as “roa klei” or red clay: when seenin situ this clay was yell ow but subsequently
dried white). A number of vessls, including afew broken fragments aswell as clay samples, had
been colleded and it was from these that spedmens were made avail able for analysis. Both types
of clay were analysed aswell as fragments from the broken bu unused vessls. It was not known
from which clay the sherds had been made.

A brief description d the manufaduring processis necessary as this could have amateria effed
onthe original clay compositiona profile. Once olleded, the day was processed by breaking

upthelumpswith agrindstone and groundinto afine powder from which al stones and grit were

removed. Temper, in the form of finely ground pdsherds, was added in order to give strength to
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the vessl and revent it from exploding during the firing process Water was then added and the
clay tharoughly mixed and | eft for awhileto “ripen”. The vessl was then formed in a @d place
out of thewind andfinaly left to dry out thoroughly before firing which took dacein a shall ow

halow in the ground.

It isimportant to ndethat clay is nat often found“clean”, i.e., without any stones or grit or other
impuriti es. These may be removed by hand, bu they will alwaysform asmall fradion d the total
compasition depending upon hav thoroughly the deaning is carried out during the preparation.
These natura inclusions could have aninfluenceonthe demicd profil e of thetotal vessd if their
composition iswidely divergent from the day. In itself, this does naot redly matter as, being a
natural comporent of the day depasit, they form part of the day’s chemicd fingerprint. Where
it coud matter isif this material isnat evenly distributed throughou a day body or if different
potters prepared the same raw clay onan individual basis with regards their own assesanent of

what was an accetable anourt of natural impuritiesin clay.

Results

Table 2.12 pesents the results of the analysis. Note how the samples fall i nto two very clealy
defined chemicd groups, ead consisting of a day and two o three sherds (for the white and
blad claysrespedively). Thewhite day isenriched in SO,, TiO, and Zr, whil st depleted relative
to the blad clay in most of the other elements athouwgh a few, eg, Nb and V, show little
diff erence between the two groups. The origins of this difference must lie ather in the source
rocks from which these days were developed ar else mixing or winnowing or some other process
such asinclusion d organic material (seebelow) during the formation of the deposits. The locd
areais underlain by sandstone, shale and besalt expasures from various Karoo Sequence

formations any of which could contribute to the observed dff erences.
The compositional profile of the sherds follow the day results closely enough for them to be
asdgned to ore or the other. The only exceptions appea to be Cr and Co which are dlightly

enriched in the bladk clay relative to its derds and Zr, which is enriched in the sherds relative
to the bladk clay. The overall diff erences between the white and Hadk clays and their sherds are
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obvious but more samples are neaded before definite cnclusions can be readied for some of the

apparent diff erences between the days and their sherds.

Conclusions

From this, there aetwo obvious conclusions. Firstly, the sherds closely resemble the days from
which they were made. Note, however, that the sherds had never been used or discarded and
buried and thus two criticd steps in the sequence from araw clay to the achaeologicd sherd
which could change or contaminate the original chemicd signature (e.g., Freestone @ a. 1985
are missng. Although some temper had been added to the day, this had obvoudly had very littl e
effed on the overal composition. This could be ather due to the temper having the same
composition as the day or becaise not enough was added to materially alter the cmpasition.

Suffice it to say that it requires the aldition o approximately 10 - 20% temper to make a
significant differenceto the cmpasitional profile of a day depending, most importantly, upon
the relative values of the dements being measured (Neff et al. 1988, 1989 a temper with a
profile similar to the clay having no effed (see &so sedion 2.1.2above). These results, howvever,

also confirm that the firing temperature has no effed onthe cmpasition of fired clay (Cogswell

etal. 1999.

The seand pant relates to interpretation. As demonstrated here, one neals to be caitious when
interpreting the dhemicd variability of pottery from any one site in terms of trade or exchange
before the geochemicd variability of the locd clays and substrate is understood. Thisis easier
said than dore & knowledge of clay sources nea most archaeologicd sites is totally lacking

particularly from a potter’ s perspedive.
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CHAPTER 3. SAMPLING

3.1 GEOCHEMICAL SAMPLING

Sampling is ageneric term that can cover avariety of sins. It can vary from whether an analysed
sample is representative of the whoe vess to whether the sherds being analysed from a site ae
representative of the full range of locdly made pats and their clays. These aered concernsand
will be dedt with below.

3.1.1 The sherd as representative of the whole vessel.

A basic requirement for any analysisisthat the sherd being analysed is chemicdly representative
of the whole vessl from which it came. Asa20-25 g sample (or larger) is usualy prepared, it
isfelt that this adequately samples the fabric, even if coarse, and any inclusions which may be
foundtherein. A geochemical rule of thumb, quded by Schneider (1995, suggests aminimum
sample of 5009 if inclusions have amaximum size of 1 mm. Clealy, such asampling procedure

would consume most of avessel and obvously canna be gplied.

To test the sampling procedure, thirteen samples from an amost complete but broken lugged
vessl colleded from the vicinity of the Messum Mountains, Damaraand, Namibia were
analysed (seeTable 3.1 for the summary statistics and Table A3.1for the cmmplete data set).
Although undated and withou any archaeplogica context, thisis atypicd example of a late
herder or Damavessd (du Pisani & Jambson 1985. This particular one was chosen as it was
arealy broken though almost complete (theindividua sherds could be refitted) and had a warse
fabric with a gritty temper. The sample sizes ranged from 10 g to 509 with the mgjority in the
range 209 to 40g. Samples were dhosen that were representative of the rim, the body and the
base of the vessel. The resultsindicae that thereislittl e chemicd variability within the vessd.
Of the dements, P,O, Cu and Co were the most variable (i.e., having a Coefficient of Variation
(CV) greder than 10%) but they were dso the dements occurring with the lowest concentrations.
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For example, Cu has a CV of only 15.64%6 with a range of 8 - 13 ppm whilst the highest
variability was shrown by LOI withaCV of 21.0P%. It would thus appea from this sngle vessl

that variability is not necessarily a problem with resped to the sample size used for analysis.

A send vessl, however, produced a diff erent result. Threesherds from a broken vessl found
on the farm Erongo West 83, Omaruru District, Namibiawere analysed. These comprised ore
small rim sherd, ore large rim/body sherd and athick painted base (Table 3.2 samples ak 7-9).
The results indicae that whereas the rim and bod/ sherds were compositionally the same, the
base was qute diff erent being enriched in Al,O,, CaO, N&,O, Sr and V and depleted in Fe,O,,
MgO, Rb, Y, Zr, Ni and Cr. The base was very thick, 45mm in part, and contained a number of
large (>5 mm) inclusions. Asthiswas afairly large vessl, approximately 70 cm high, it is quite
possblethat theinclusionsin the base were added to strengthen the vessl at this point and that
their composition was sifficiently different from the day thus producing a different result.
Alternatively, the base muld have been made from a diff erent clay. Unfortunately, at the time no

separate analysis was made of the temper.

A fina example conceansthethick, very coarse sherd colleded at the Tsodil o Hill sin Botswana
(Table 2.10 which has already been dscussed (chapter 2.3). The fabric contained large (>5 mm)
inclusions of charcoal and cdcrete. This erd was halved and the pieces analysed separately
(samplesbz6 and kz12). Thetwo halveswere compasitionally ali ke for most €lements except for
Ca0 and Sr which were relatively enriched in sample bz6 compared to bz12, pobably from the
cacrete. The latter were dealy visible in the sherd. The uneven dstribution d the temper in the
vessl as a whoe and which was manifest in the large sherd meant that separate warsely
tempered sherds, if not identified as coming from one vessl could mislead the analyst into

accepting that they were from different vessls.

The omnclusionto be drawn from thisis to eschew choaosing thick, very coarse tempered sherds
as they could produce aresult not necessarily representative of the total fabric of the vessl. If
the samples above had been foundasindividual pieces and analysed, their compasition would
have indicated separate days. Alternatively, it might be possble to remove the large inclusions

and orly analyse the fabric in order to oltain aresult closer to the original clay.

56

Document Produced by deskPDF Unregistered :: http://www.docudesk.com



Table 3.1. Summary statistics for the analysis of the Mesum potsherds.

n Average SD CV% Min Max
SO, 13 61.21 0.70 11 59.97 62.58
TiO, 13 0.68 0.01 0.9 0.67 0.69
ALO, 13 18.12 0.15 0.8 17.9 18.36
Fe,O, 13 573 0.13 2.3 5,56 5.96
MnO 13 0.06 0.00 6.1 0.06 0.07
MgO 13 1.26 0.05 4.0 1.20 1.35
CaO 13 091 0.06 6.5 0.83 1.03
Na,0 13 2.37 0.11 4.6 2.20 2.58
K,O 13 455 0.24 5.3 4.35 4.99
P,O. 13 023 0.03 134 0.20 0.29
H,O- 13 0.70 0.08 11.9 0.58 0.84
LOI 13 464 098 21.1 2.84 6.07
TOTAL 13 100.46
Rb 13 261.9 3.7 14 257 270
Sr 13 80.9 5.8 7.2 75 93
Y 13 47.2 11 2.3 45 49
Zr 13 152.2 1.7 11 149 155
Nb 13 37.7 1.0 2.7 36 40
Cu 13 10.6 1.7 16.0 8 13
Ni 13 35.9 1.3 3.6 34 39
Zn 13 77.8 2.3 3.0 75 82
\Y 13 120.5 2.9 2.4 116 126
Cr 13 94.9 9.0 9.5 81 115
Co 13 12.6 1.7 135 10 16
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Table 3.2. Data showing the variabilit y of split sherds.

Sample A3in A3ou A3mid A7 A7in A7ou A7mid
SO, 63.89 63.32 62.89 61.48 61.81 61.14 60.33
TiO, 091 0.89 0.88 1.09 1.11 113 1.09
AlLO, 16.55 16.42 16.85 19.59 20.06 19.72 19.25
Fe,O, 9.26 8385 09.10 8.39 876 8.83 8.46
MnO 0.23 0.23 0.23 0.08 0.11 0.11 o0.10
MgO 264 262 259 1.00 1.06 121 1.03
CaO 199 204 194 0.88 0.92 0.88 0.82
Na,0O 0.70 0.72 0.73 0.24 0.27 0.29 0.25
K,O 274 280 271 1.29 128 145 1.25
P,O 0.33 0.35 0.31 0.16 0.24 0.22 0.17
H,O- 0.02 0.05 0.08 0.31 0.06 0.11 0.15
LOI 161 206 1.28 577 457 5.04 7.00
TOTAL 100.87 100.35 99.59 100.28 100.25 100.13 99.90
Rb 136 135 131 37 46 50 39
Sr 135 137 136 111 107 117 118
Y 30 29 31 29 23 23 26
Zr 223 215 223 250 255 250 265
Nb 13 13 15 10 8 9 11
Cu 48 51 52 59 60 62 64
Ni 72 68 68 32 35 35 34
Zn 106 106 104 70 70 73 71
\Y 172 169 179 212 185 204 217
Cr 212 207 214 192 180 179 218
Co 38 34 34 23 30 33 32

A3in: Driekopseiland; Type R; inner surfaceof sherd
A3 ou: Driekopsaland, Type R; outer surfaceof sherd
A3 mid: Driekopseland; Type R; centre of sherd

AT: Omdraad; LIA or CLSA; whole sherd

A7in: Omdrad; LIA or CLSA; inner surfaceof sherd
A7 ou: Omdrad; LIA or CLSA; outer surfaceof sherd
A7mid: Omdrad; LIA or CLSA; centre of sherd
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Table 3.2 continued.

Sample ak7 ak8 ak9

SO, 66.76 68.31 63.04

TiO, 0.33 0.33 0.21

AlLO, 17.60 17.94 20.73

Fe,O, 5.11 4.62 2.89

MnO 0.05 0.04 0.05

MgO 0.93 0.88 0.67

CaOo 0.70 0.62 1.34

Na,0O 0.68 0.70 2.37

K,O 4.15 4.16 4.79

P,0; 0.14 0.14 0.16

H,O- 0.26 0.13 0.31

LOI 3.75 2.03 2.96

Total 100.46 99.90 99.52

Rb 330 340 171

Sr 69 67 211

Y 38 40 16

Zr 154 153 60

Nb 22 22 17

Cu 54 52 49

Ni 23 19 11

Zn 44 45 51

Vv 51 48 89

Cr 62 51 39

Co 4 2 4

aK7: Farm Erongo West 83, Omaruru; small rim sherd
ak8: Farm Erongo West 83, Omaruru; large rim and bod sherd
ako: Farm Erongo West 83, Omaruru; thick base sherd
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During the murse of this gudy it was the pradiceto halve particularly large sherds onarandam
basis where possble and carry out analyses on bdh pieces as a control with reference to any
potential variability which may be present. These dudi cae analyses, when present, are nated in
the tables. No other spedmens with variable results were noted. The two examples quaed above

were obviously extreme examples.

3.1.2 Within-sherd variability

Two large sherds were analysed to test spedficdly for any compasitional variability through the
wall of the sherd, ie, from outer to inner surface which may have aisen from contamination a
other causes (Table 3.2). Two large sherds (A3 and A7) were split |ongitudinally such that
individual analyses could be undertaken onsamples of the outer, the inner and the centre of the
sherds. In addition, A7 was large enough for a mmplete sample to be analysed as well.
Examination of the datain Table 3.2 shows that thereislittl e diff erence between the results from
any one sherd. Whilst it is obvious that a sample of two daes not prove or disprove anything,
nevertheless it does ow in thisinstancethat contamination from use or burial had na in any
way atered the compasition through the body of that sherd. Any patential variability such asthis

isnat redly anisauein view of the sample size taken.

Aswill beshown in sedion 3.3,thereisagrea ded of variability in composition at the micro
level when analysing samples by microprobe but this constitutes aspedal case andisnat relevant
to the main thrust of this work.

3.2 ARCHAEOLOGICAL SAMPLING

A major isue relating to the achaeologicd sample relates to the adual sherds chasen for
analysis. Are they representative of all the pats (which in turn represent al clay sources) found

on a site? When ore has broken sherds smilar in colour and texture, it can be very difficult

indeed to deade whether they represent one vessl or severa ves®ls. Furthermore, certain
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settlements such as Iron Age vill ages have well defined, spatially bounded adivity and damestic
areas. These can influence the type of ceramics found. For example, where would imported
vessls most likely befound at the dhief’ shomestead, at his court where people from the region
might gather for medings or to have caes adjudicaed, a at ordinary homesteads? Middens or
pitsin which damestic rubhish, including ash, bore and pdsherds, were dispased o might result
from communal or individua cleaning adivities. Archaeologicd excavations are often of
limited extent and do nd necessarily sample the entire range of domestic and pubdic space The
definition d spacewill also vary between Khaisan and Iron Age sites. Indeed, there seansto be
littl e written about the former (nothing in any archaeologicd site report that | can find) whil st
knowledge @ou the latter is more readily avail able (Huffman 1993, 1996, 1997

For the Iron Age, much will also depend uponwhether the site represents a straightforward
homestead or a loca or regional capital. All these fadors influence the representivity of the
sample. Anather nolessimportant fador iswhether the achaeologist will allow sherdsto be used
for destructive analysis although in this case most Iron Age sherds are generally large enough to
be sampled.

Table 3.3.Quality rating developed for analysis of Khoisan sherds.

Quality | Context
Q7 sherd from known site or horizon, cated: distinctive style or texture
Q6 sherd from known site or horizon, dated: no ceoration
Q5 sherd from known site or horizon, undted: distinctive style or texture
Q4 sherd from known site or horizon, undited: no decoration
Q3 sherd with distinctive style or texture: vague locdity
Q2 plain sherd or non-distinctive decoration: vague locdity
Q1 sherd with distinctive style or texture: nolocdity
Q0 plain sherd or non-distinctive decoration: no locdity
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In Tables 3.3and 3.41 havelisted a hierarchicd evaluation d sherd “quality” or suitability for
analysis. The higher the quality, the greder the interpretive value of the sherd. | have drawn up
separate tables for rating Khoisan (Table 3.3) and Iron Age (Table 3.4) sherds. There ae a
number of reasons for this. As already pointed ou, Khoisan pdtery, except perhaps for the
western Cape (Sadr & Smith 199)), isnat necessarily asregionaly or chrondogicdly distinctive
as Iron Age wares although there is a textural charaderistic that stands out. This is the grass
tempered sherd which appeas to be restricted to the interior and hes not yet been found onthe
coast. Thismeans that unlessasiteis dated by *“C or some other method, the interpretive value
isgredly lesened. Theimplicaionisthat most of the Khoisan coastal pottery analysed will fall

into the Q4 category and orly Kastedberg as Q6. (Note here that although the Kastedberg sherds
come from awell defined stylistic horizon, the adual sherds analysed were undecorated hence
can orly be dasdfied as Q6).

Iron Age sites, onthe other hand, can be broadly dated by any competent archaeologist on the

basis of the stylistic pattern ona small sample of sherds or even onasingle sherd.

Table 3.4.Quality rating developed for analysis of Iron Age sherds.

Quality | Context
Q7 sherd associated with spedfic feaure on site: decorated
Q6 sherd associated with spedfic feaure on site: no cecoration
Q5 sherd from known site or horizon: decorated
Q4 sherd from known site or harizon: no decration
Q3 sherd decorated in distinctive style: vague locdity
Q2 plain sherd or non-distinctive decoration: vague locdity
Q1 sherd decorated in distinctive style: nolocdity
Q0 plain sherd or non-distinctive decoration: no locdity
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The most interesting type of sherd to analyse and which will yield the most informationis Type
Q7. Unfortunately, there is only one site, Mutokawe, in this projed which has such data.
Nevertheless ratings from Q4 upwvards will provide enough suitable achaeologicd information
to integrate with a dhemica analysis. They also provide the necessary badkgroundinformation

for defining aregional geochemicd space

At the very bottom of the scde ae thetotaly isolated sherds (Q0, Q1) abou which no o little
informationisavail able & al. These aeincluded for the sake of completenessand as they may

have some forensic value some day (Ruffell & McKinley 2005.

Sherds analysed from any particular site will thus refled varying degrees of representivity, ie,
arandam grab sample or deli berate sampling from various feaures. For the purpose of thisthesis
| had to accept whatever samples were avail able but future work shoud pay attention to the
quality of the excavated material.

3.3 A CASE STUDY OF A SAMPLING PROBLEM

This critique of a puldished provenance study will demonstrate the problems associated with the
applicaion d an inappropriate sampling strategy to a provenance problem.

Grant et al. (2000 thin sedioned six Khaoisan sherds from Rose Cottage Cave nea Ladybrand
in the eatern FreeState and analysed them by SEM and EDX. The excavated pdtery was of two
types, grasstempered and grit tempered: the former are similar to Smithfield pas made by the
San and which could have been exchanged from the Orange River Vall ey to the south west whil st
the latter are ather of Sotho a Khoi origin (Thorp 1997. Provenancing the sherds could
establi sh whether they were localy made or imported. Thisis of some interest as there is other
evidence at the site to suppat dired contad with the eat coast (a mwwrie shell and rock art
images of mormyrid fish netive to KwaZulu-Natal). These comments will be limited to the
analysis of the grit tempered sherds only. Other problematicd issues with thiswork can be fourd
in Ambrose (20013, b) and Jambson et a. (20023, ¢) with resporses by Grant & Wadley (2001,
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2002.

Two (sherd 3) or three aalyses were made on ead grit tempered sherd. All threesherds yielded
one analysiswith very high Ti (41-49%) and Fe (47-52%) and which, based onTi/Feratios, was
shown to beilmenite. Grant et a. (2000 then state:
“Sherd 2 [Table 2 (f)] hasa Ti content in the range 48-52% expected for KwaZulu-Natal beach
deposits, and this, together with the rounded sand grains, is evidence that sherd 2, at least, was
manufactured there.” (Grant et al. 2000 page 447).

They most certainly did identify ilmenite but they misunderstoodthat the Ti value was that of
agrain of ilmenite and nd representative of the composition d thewhole vessl. If the aeaof
the beam is snall er than that of agrain o ilmenite, and the bean focussed on that grain, then all
that will berecrded isthe cmmposition d the ilmenite. They had used a point analysis method
when abulk analysis was needed (Jambson et al. 2002). This then led them to assume that the
pot was made from a KwaZulu-Natal dune sand which has avery high ilmenite content. Their
resporse to this comment (and ahers) showed that they had dfficulty in grasping this point
(Grant & Wadley 2002.

Table 3.4 givesthe summary datafor the XRF and the Microprobe results. It isobvious from both
the standard deviation (sd) and coefficient of variation (CV) that thereisagrea ded of variability
from one scan pant to ancther. By way of ill ustration, figure 3.1 shows the distribution d values

aaossascan for Ti for eat of the four sherds.

It isalso ndicedle that there is a diff erence between results from the bulk analysis by XRF and
the average of the scans. The body of apat at the microscopic level isnot asmoath, even texture
with an evenly distributed chemicd composition. There ae irregularities, voids, fragments of
organic materia, minerals and grains of various szes and aher granular and lumpy inclusions.
Thus, even ahunded pant scan might not be fully representative and give an acairate estimation
of thetrue average composition d the vessel. From atheoreticd level, one can seethat abulk
sample of asuitable minimum size that will i nclude dl these diverse mmporentsin 2002Z). This

fador adds to the debunking of the daim made with resped to the origins of the sherds.
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Figure 3.1.Microprobe scan showing the distribution d Ti acossfour sherds.
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CHAPTER 4. CASE STUDIES

4.1 INTRODUCTION

Beaing in mind the recommendations and warnings discussd in the previousthree dapters, this
chapter will ded with anumber of case studies from a variety of geographicd locaions. Each
of theselocaions will be dedt with separately. In most cases they are centred aroundat least one

site with an adequate sampl e size together with ather sites with varying sample sizes.

It neads to be enphasised that neither the age nor the styli stic tradition d the samples analysed
isof any red importancefor theinitia geochemicd analysis. Style and age only comeinto pay
when the achaeologicd interpretation is made. In essence, | am looking at the combined
chemicd variability of agroup d sherds either from asingle site or a dosely related (in spatia
terms) group of sites from the same geologicd substrate in order to define alocd or aregional
geochemicd signature (seesedion 1.3.). Assuming afew outliers are found,and in the dsence
of known clays to define the group, comparison with a neighbouing geochemicd region a
regionssads as a ontrol for deading whether any statisticd “outlier” isin fad an imported item
or not. The big question is, “how different would a group have to be before it could be
confidently clasgfied as nonocd?’ (Steporaitiset al. 1996.

Evers 1974review of Iron Agetrade in Mpumalanga (the former eastern Transvad) lists gold,
copper and iron which were mined in the region. Of these, the former two were probably
invalved in trade networks to the mast whil st ironwould have been in demand regionally for a
range of utilitarian howsehold oljeds. Tin, mined at Rooiberg to the west, would have passed
through on the way to the mast. Salt, which is a necessty in the human det, was adively
processed at hat springs guch as Eiland onthe Letaba River. Glassbeals, oktained in exchange,
are further indicators of external trade. After reviewing the historicd evidencefor dired contad
between the interior and the wast, Evers concludes by saying that “these suggest grea mobhility
in lron Age society prior to the Difiquane (sic)” (Evers 1974 36).
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DeVad (1984, 198%showed that the first Voortrekkersin theregion dd na travel randamly
but followed dd establi shed trade routes. His map li sts the most important ones which included
routes from Inhambane to the Soutpansberg, from the Zimbabwe ruins to the Musina @pper

mines and the Rooiberg tin mines, amongst others.

Whilst much o thisintense adivity was no doul stimulated by European contads, nevertheless
internal trade in metals such as copper andironaswell as slt, would have been present sincethe

first Iron Age settlement.
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4.2 KHOISAN POTTERY FROM COASTAL AND INLAND AREAS

4.2.1 Archaeological Background

There ae anumber of interrelated problems to be faced with any provenance study of Khoisan
ceaamics. Firstly, it must be noted that a distinction ketween herder (i.e., Kha) and hurter-
gatherer (i.e., San, Soaqua) sites of the last 2000yeas is often problematica espedally when
discussng pattery. Thereis a airrent debate & to whether thereisin fad a altural difference
between these two groups and what this may or may nat entail (e.g., Sedy & van der Merwe
1992 Mitchell 2002 Sadr 2003 Smith, B.W. & Ouzman 2004 but obvioudly the pros and cons
of thisisaue caana be debated here. My own preferred model is smply that there may be socio-
pdliti cd diff erences between groups (nat necessarily a simple hurter/herder dichatomy) but that
bourdaries may have been flexible enough for people to move eaily aaossthem. The big
guestionis: if there was a differencein culture or econamic status or social or paliti cd identity
between Khoisan communities, did they use material culture to signal these differences and if

S0, was pottery one of theitems used and hav was it used?

Asfar as dyleisconcerned, | have dready mentioned (Sedion 2.3 the suggestion by Rudrer that
technology was the defining attribute, i.e., that fibre tempered pdtery was made by hurter-
gatherers and quartz tempered wares were made by Khoi herders (Rudner 1968, 1979 An
attempt was made to deli neae fibre tempered ware styli stic boundiries for the Seaow River
Valley (Sampson 1988 Ridings & Sampson 1990 but these still nead to be put into a much
broader context, that is, relative to al fibre tempered wares throughou the region where they are
found (the Karoo and Bushmanland) before they can be regarded as definiti ve. Bollong (1993,
19971 subsequently raised the issue over whether fibre tempered pdtery was a stylistic type
(i.e., hurter-gatherer pattery) or afunctional type better suited for cooking and used as such by
bath groups (Sedion 1.J). Fibre tempered pdtery by itself could be amarker for inland pdtery.
Asfar as| am aware nore have been found oncoastal sites. Although no dher definitive regional
stylistic differentiation is known, there ae limited stylistic chrondogicd sequences (Sadr &
Smith 1991 Bollong & Sampson 1996 Sadr & Sampson 1999 which have been described bu
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thisisnat redly relevant to a provenance study when spatial differentiation is necessary when

trying to identify the movement of pots based onstyle.

There are of course the few decwrated pasherds but there is no pettern to their distribution
probably becaise the vessals of which they were once part had moved aroundthe landscgpe so
that any assemblage is“ spatialy” mixed. The potential could exist for few locdly made potsto

be found onany site.

Thefirst problem, therefore, isthat of animperfed understanding of the diff erencebetween style
and function, shoud there be one, and alad of adistinctive and urique regional typology of
ceramic deooration such as there is for the Iron Age. Althowgh there were distinctive Khoisan
communiti es defined by language diff erences (Westphal 1963 Traill 1995 and so-cdled “tribes’
amongst the Cape Kho (Elphick 1977 Barnard 19923 whether these groups can be
unequivocdly linked to pdtery stylistic typesis uncertain. Thereis sme evidence from Early
Herder sites sich as Geduld, Die Kelders and Spoegrivier for spatialy discrete styles (Sadr 1998
2003, however, this needs confirmation from more sites. Certainly, the ladk of a distinctive
regiond style in later wares could be afunction either of alad or reseach or afunction d the
pdliti cd system. Khaisan communiti eswere mohil e andladked a centrali sed, settled, hierarchicd
paliticd structure such as that of Iron Age cmmunities. Bands joined and split usually on a
seasonal basis. This could result in a ladk of any strong need to signal band membership.
Alternatively the signalling was caried ou via ancther medium which has nat survived in the
archaeologicd record. Another point to remember is that hurters and herders were not
necessrily geographicaly distinct entities but shared the landscgpe (Sampson 1985 except
perhaps for mountainous areas where domestic stock coud na be kept. This obvioudly will have
implicaions when it comes to an archaeplogicd interpretation d the geochemicd results of the
analysis. One might be ale to define imported sherds geochemicdly but a finer analysis
integrating style in terms of the model presented in figure 1.2 may nat be possble. It aso means
that one canna stylisticdly define areferencegroup d locd sherds or target obvious imported

sherds for analysis.

A second poblem isthe paucity of suitable samples. Excavated, dated sites are few and sherds
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from the few excavations are generally too few in number to saaificefor destructive analysis
quite yet. A large number of surface olledions exist but these ae undated thus any
archaeologicd interpretation will be limited. Most of them come from coasta shell middens
(Rudrer 1968. They can, however, provide samples siitable for defining a regional
geochemicd signature asuming that they have not been too “mixed” as aresult of the mohility
of their owners. But of these only afew samples are suitable for analysis as Khoisan pdtery is
charaderised by a high degreeof fragmentation such that not many samples are large enough for
an XRF analysis.

To summarise, the “Khoisan” constituted anumber of communiti es charaderised by diff erences
in language, econamy, pditi cd association and with a degreeof independencefrom eadt cther.
The archaeology of the Khoisan ower the last 2000yeas (sincethe gpeaance of pattery) has
reveded arather complex picture of herders making their seasonal roundsin seach of grazing
(Smith 1984 Baasse @ d. 2002, bands of hurter-gatherers on their own seasona rounds which
may have included movements between the mast and the interior (Parkington 1972, 200)Las
well as o-cdled “strandlopers’ living onthe wast (Wilson 1993 whether permanently, although
commuting up and davn the mast (Jacbson & Noli 1987, or seasondly (Sedy & van der
Merwe 1986. In addition, | have drealy drawn attention to hxaro gift giving whil st there was
also some documented trade in copper, iron and dagga with neighbouing Iron Age societies
(Elphick 1977. Asthey al had pdtery but littl e style, geochemicd provenancing off ers the only
hope of trying to establi sh where the pottery originated, whether it did move, how far it may have

moved and ketween whom.

4.2.2 Geological setting

Most of the samplesin this sdionare from coastal sites gretching from Swakopmund, Namibia
(site 1: figure 4.2.7) to Kleinmondon the south Cape aast some 130 km east of Port Eli zabeth
(ste 147 figure 4.2.3. Unfortunately, most of the mastline is underlain by the same geologicd

formation which perallels the wast, the Cape Supergroup. It stretches from approximately
Lamberts Bay (site 18: figure 4.2.1) to approximately Kleitnmond and stretches from the ast
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to between 120- 180 km inland. It consists mainly of sandstones, quartzites and shales. The Cape
Granite Suiteis foundin a belt stretching from Saldanha Bay to the Cape Peninsula whil st the
Mamesbury Groupcan befoundin asimilar area Inland d Lamberts Bay aroundVanrhynsdorp
are the Gariep Supergroup and Vanrhynsdorp Group whilst to the north stretching inland to
Namagualand is the Namagua Metamorphic Province Inland d the folded belt is the Karoo
Supergroup consisting of sandstones, shales and dderite. The southern boundry of the
Supergroupfoll ows and east -west trend eventuall y reading the coast approximately to the eat
of Kleinmond (site 147). The southern Namibian coastline and interior is generally buried by the
aeolian sands of the Namib Desert. The interior is underlain by a variety of metamorphic and
other rocks (Martin 19695.

All these rock types will influence the geochemicd composition o locd clays. As little
geochemicd datais avail able for the sedimentary rocks, it isdifficult to predict whether they will

differ from eat ather. The Cape and Karoo Supergroup sedimentary rocks are likely to have a
more felsic profile dthough the presence of dderite in the Karoo could also add more mafic
elementsin that area The Namagqua Metamorphic Province @uld be generaly enriched in metals

such as Cu and Zn.

The main pant hereisthat there ae broad swathes of very similar geology in the western and
southern Cape and the Karoo interior and it is therefore unlikely that there will be very much

variability in the badkgroundgeochemistry within these aeas.

4.2.3 Previous work and current aims

There has been littl e systematic provenanceor other anayticd studies on Khoisan ceramics. An
ealy example of avisual anaysisisthat of Parkington (1977 who nded the presence of shae
fragments in pdtery from de Hangen, situated in the Cape Folded belt nea Clanwilli am. He
interpreted this as evidence for a source in the Karoo. Miller (199]) cites svera student
undergraduate projeds using a variety of techniques, i.e., XRD and thin sedioning, bu these

were of limited scope and reated nofirm conclusions adthough some studiesindicaed avariety
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of clay sources may have been used in the manufadure of pattery from one site. Organic residue
analysis has been caried ou but thisis aimed at determining the use of the vessal (Patrick et al.
1985 Copley et al. 2004. A paper by Bollong et a. (19974) analysed a suite of ceramics from
the Karoo wsing PIXE but this paper was focussed onmethods of statisticd analysis and the
identificaion of outliers rather than provenance per se. The data was obtained in the form of

courts and therefore can nd be used for any comparative work.

Provenancing enables a number of archaeologicd questionsto be pased. For example, given that
there was a degree of residential mohility based on the seach for resources and pobably
manifesting itself in seasonal aggregation and dspersa patterns, were pots made
oppatunisticdly onthe move when needed ar was there aperiod when alarger number were
made at the same time? Oppatunistic manufadure could result in greaer compositional
variability through the use of awider range of clays whereas the latter case could result in less
variability. Would nonlocdly made pats be foundmore frequently at larger sites or small er sites
or even perhaps at spedfic types of sites such as $ell middens? If the movement of pottery did
take place did it match the movement of other material objeds, for example, marine shellsfourd
inland (Parkington & Poggenpodl 1971)?

Whether these questions can be answered will depend onwhether sources can be defined. The
problem with defining clay sourcesin arather bland and uniform geologicd environment isthe
first issue to be dedt with. A few sediment samples, na all of them clays, were taken to try to
charaderise different areas as alad of time and money prohibited a detail ed seach for clays.
Thusthe pattery itself will be used to define aregional compositional signature dthough thisis
further complicated in the cae of Khoisan ceramics as a result of the probable movement of
pottery acossthe landscape in mobile househdds. The samples, howvever, cover avery wide
territory and it is expeded that some regiona clustering will occur. Thiswork, then, is primarily
exploratory in pupaose. The definition d locd or regional compositional referencegroupsisthe
first am: isthere a ¢tea geochemica separation between the mast, the Cape Folded Belt and the
Karoointerior? Are there any geochemicd diff erences along the mast? If satisfadory answers
to these questions can be obtained then the future prospeds of contributing archaeologicd

interpretations to some of the éove questions will be possble.
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Figure 4.2.1.Map of the West Coast. SeeTable 4.2.1for explanation d site numbers.

74

Document Produced by deskPDF Unregistered :: http://www.docudesk.com



| St Helena/ Bay

S\
@.f@z’

(2)

@
33° =05 TN\ ¢
@?(
Saldaéga ,f D saLDANHA

AREA
& @\\

A\
Ysterfontein

S
i

Table Bay 6
S

PENINSULA

34°.

Point Hangkllp \‘\/\

Danger ‘

Point & ®

S




Figure 4.2.2. Locdion d sites from Saldanha Bay to Danger Point. See Table 4.2.1 for

explanation d site numbers.
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Figure 4.2.3.Map o the south coast. SeeTable 4.2.1for explanation d site numbers.

4.2.4 The samples

A total of 377 pdsherd spedmens were analysed. These mnsisted of 16 spedmens from
Namibian coastal sites, 321from South African coastal sites and 40speamens from a variety of
inland sites with locdities ranging from the Cape Folded belt through to the Karoo and
Namagualand. The vast mgjority of these, particularly thase from the mastal sites, were @lleded
by J. and|. Rudrer from the 1950s onwards and whil st there is information about their locaion
and context, mainly coasta shell middens (Rudrer 1968, thereislittle if any information abou
dating, artefadual associations, etc, (Rudrer & Rudrer 1954, 1955, 1956Rudrer & Grattan-
Bellew 1964 Rudrer 1969. The maps, figures4.2.1, 4.2.2and 4.2.3with the ssociated tables
4.2.1and 4.2.2indicate the locaions and rames of the wasta sites and are redrawn from
Rudrer's (1968 monaograph. Additional material came from older colledions in the S.A.

Museum, Cape Town as did the Rudrer samples.

Only one site has been properly excavated, dated and publi shed, Kastedberg (Sadr et al. 2003.

Even here, of the five samples analysed, two are from Rudnrer’s surface olledion (locdity 29:
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Table 4.2.1 South African coastal sites acording to Rudrer’s (1968 listing where relevant

together with the number of samples analysed from ead site. Seemaps for locaions.

Rudrer Site No o samples Rudrer Site No of samples
1 Swakopmund 1 61 Olifantsbos 1
- Walvis Bay 4 62 Platboom 1
- Meob Bay 9 63 Cape Point 1
5 Claratal 1 64 Buffels Bay 13
9 Chameis Bay 1 67 Simonstown 1

12 Port Nolloth 9 67 Mill ers Point 1
12 McDougall Bay 1 69 Fish Hoek 3
13 Kleinsee 1 69 Clovelly 1
18 Lamberts Bay 1 70 Lakeside 1
19 Van Puttens Vlei 3 72 Cape Flats 1
20 Elands Bay 3 77 Rooiels 1
23 Berg River 1 80 Cape Hangklip 26
24 St Helena Bay, Sandy Point 1 81 Palmiet River 1
25 Stompneus Bay 8 82 Hawston 13
26 Britannia Point 2 85 DieKelders 1
26 Britannia Bay 2 86 Gansbaa 1
27 St Martins Point 1 87 Sandy Bay 3
28 Paternoster salt pan 1 88 Pealy Beath 12
29 Kastedberg 5 89 Quoain Point 3
30 West Bay 1 89 Die Dam 1
32 Danger Bay 5 90 Die Lagoon 3
32 Danger Point 1 91 Cape Agulhas 1
32 Morrison's Point 1 92 Arniston 1
33 Noordbaakop Cave 2 93 Ryspurt, Arniston 1
37 Saldanha Bay 3 93 Rysbaa 1
37 Saldanha Cave 1 94 Skipskop 2
38 Lynch Point 1 101 Still Bay 1
41 Saldanha Peninsula 11 103 Fish Bay 8
42 Jut Bay 1 104 Flesh Bay 3
43 Vondelingbad 4 106 Klein Brak 1
44 Abrahamskrad 1 107 Groot Brak River 4
45 Y zerfontein 26 109 Oakhurst 3
46 Modderrivier 14 110 Sedgefield 3
48 Bokbad 13 111 Goukamma River 2
49 Melkbos 2 113 Robberg cave 1
50 Blouberg 6 119 Goedgel oof 2
51 Mil nerton 1 120 Kromme Bay 15
53 Sandy Bay 2 121 Jeffrey's Bay 5
54 Hout Bay 9 124 Gamtoos River mouth 1
55 Noordhoek 4 130 The Will ows, PE 1
56 Kommetjie 5 139 Perdekloof 2
57 Witsands 3 147 Kleinmond 2
58 Witsands Cave 2

59 Schusters Bay 3
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Table 4.2.2. Additional samples not fully provenanced. Note that of these samples, a number
were na available for statisticd analysis as they were only partialy analysed (i.e., orly major
elements) due to inadequate spedmen size. Seetext for further detall s and data gppendix sheds
for further detail sabou locdliti es. For example, the Karoo samples cover the aeafrom Carnavon
to Oudtshoarn.

van Rhynsdorp area
Hopefield

Cape Agulhas area

Holbad, Vredenbug
Vermont, Hawston

Die Grys, Bredasdorp
Arniston area

Cape Peninsula unprovenanced
Phomong, Lesotho

Clanwilli am area(Folded Belt)
Aspoat

?Doornriver

Matji esriver shelter

?Karoo

Karooregion

Ceres (Folded Belt)
Namagualand region

[EnN
COwWwWprpANFRPPPWOOAOREFRPRPEPEPEPDNNDN

figure4.2.1). Asno ceaorated sherds were analysed, the mgjority of coastal sherds have aquality
rating of Q4 whilst the interior spedmens are of Q2 status. Derated sherds are present on a
number of sites but it was dedded nd to use them in this exploratory analysis and certainly not
until they had been studied in the mntext of new information oliained since their original
pubicaion by Rudrer.

A problem encourtered in the seledion d sherds for analysis was the small, fragmented size of
the specimens. Enowgh powder for preparing both a glass bea for the analysis of magjor
elements and a briquette for traces was not always avail able and a number of spedmens could

only be analysed for the former.

Although superficidly it appeasthat thereisalarge sample size, it will be seen from tables4.21

and 4.2.2that these samples come from 96 coastal and interior sites. Only 14 sites provided more
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than seven spedmens per site whilst 10 a more spedmens were only found on 9sites. The
majority of the other Sites are represented by only 1 or 2 spedmens, occasiondly more. Attention
was focussed onthelarger sSitesto assessthe variahility at such a site with the small er sitesfilli ng

in the gaps, so to spek.

In addition, 39 sediment samples were @lleded in arder to get an understanding of the
backgroundgeochemistry in seleded areas. Thisis obviously not a sufficient number but as a
detailed seach for and colledion d clays was not possble due to the @nstraints of time,
finances and sheg logistics and the geology generaly uniform, i.e., quarzites and shales for the
most part, when taken together with the limited publi shed information particularly on the Cape

Granites and the Karoo dderites, it does provide asmall starting point.

4.2.5 The statistical analysis

The cmplete datais presented in tables A4.2.1to A4.2.4in the gpendix. In view of the large
sample size and the wide distribution d sites, | divided the aastal |ocditi es into a number of
discrete aeas and analysed adjacent areas with eat ather as well aswith the interior sites. First,
however, | carried ou an analysis of all spedmens together with the 13 analyses made on the
sherds from the Mesum vessl reported in sedion 3.1.1 & Chapter 3. One problem with
choaosing speamens for analysisis that one can never be sure whether they all come from one
vess or not in spite of differencesin colour and texture. On the other hand, spedmens which
appea to be demicdly alike do nd necessarily come from one vessel but could be made from
the same clay. Spedmens from a number of sites which are similar in compasition could be
assumed to come from a series of clays which are similar and do no necessarily imply the
movement of pattery. The Mesaum spedmens are agood indicaor of the range of variability to
be expeded in asingle pat. Therefore, it was of interest to seehow it compared to the Khoisan
sherds.

Figure 4.2.4shows the first two axes of the CA plot for five different regional groups. The

important pant to naice is the spaceoccupied by the three oasta clusters relative to the
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Mesaum speamens. The Western Cape and the Cape Peninsula have very tight central clusters
surrounced by sub-clusters. This could be taken to mean either that many pats were being made
from afew clays or else that the days are very similar. The Southern Cape duster tendsto be
more diffuse. It will aso be obvious at this gage that thereis no unque regiond referencegroup
that stands out amongst the mastal potsherds. Each of these regional groups will be dedt with

in more detail below.

Thefirst groupto be analysed individually are the Namibian coastal spedmens together with
thase from Port Noll oth to Elands Bay. Only four speamens from Namagualand were mnsidered
for the analysis. They came from vague locditi es: one eat from Augrabies, Bushmanland,
Rooidam (?) and Gordona. The other four examples were omitted as two were enriched in CaO
and Sr whil st the other two had extremely high Zr and V values which made them extreme
outliers. The CaO could result from cdcrete inclusions whil st the Zr enrichment could result
from sand temper. The focus of the analysis was on the Port Noll oth and Kleinseesherds, their
variability and any link they may have with the interior spedmens. The other locdliti es were
added for comparative purposes. Figures 4.2.5and 4.2.6 pot the first three xes of the
correspondence analysis. Nine of the Port Nolloth sherds gand ou from the Namaqualand,
Kleinsee Lamberts Bay and Elands Bay sherds. The sherds are highly variable and dthough there
appeas to be an owerlap with thase from the Namibian coast, they in fad separate from eat
other when the 3 axisis taken into acourt (figure 4.2.6. This cluster loads heavily on the more
felsic elements probably indicaing a granitic source (figure 4.2.7 but the Port Nolloth
spedmensare ariched in'Y andthis sparatesthem onthe 3 axis (figure 4.2.9. The Y probably
originates from a pegmatite source Only one Port Noll oth sherd has a passble link to the other
S.A. sherds which are grouped to the right of the plot. Although thisis suggestive of areference
group,there ae ayet toofew analyses avail able for a definiti ve statement. The Meob Bay group
bregks down into five sub-clusters of which ore shows a dose link to the Claratal spedmen.
Chamois Bay is distinguished by enriched Cu. The small sample sizes, however, predude ay

further interpretation.

The next analysisincluded al sites from Port Noll oth south to Saldanha Bay (sites 12-44: figure

4.2.2. In additionto the masta sitesthree céegories of interior Stes areincluded. These aethe
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four Namagual and sherds (table A4.2.3, eight sherds from sites | have |abell ed Folded Belt and
23 sherds from locaionsin the Karoo (table A4.2.2). The former are situated in the mourtainous
areas underlain by rocks of the Cape Supergroup whilst the Karoo sites are from the Karoo
Supergroup. The Saldanha Bay group consists of 53 sherds from that area(sites 24-44) whil st
thereisasingle sherd from Vlakmyn in the Vanrhynsdorp area A seand sherd from Komkans
in the same aeawas omitted from the statisticd analysis becaise of the highly enriched Zr (1174
ppm) which made it an extreme outlier in preliminary runs. The point of this analysis was to
compare the Port Noll oth sherds with thase from Saldanha Bay, an areawith granite exposures
as well as pegmatites which are probably the caise of the high Y enrichment in some of the
sherds from Port Noll oth.

Figure 4.2.9shows the first two significant axes of the analysis whil st figure 4.2.10shows the
elements uponwhich they significantly load. The first point to nae is that three Port Noll oth
sherdswith ahighloading on’Y stand ou as definite outli ers from the other spedmens. A further
threesherds overlap with what could be outli ers from the Saldanha Bay group. Thereis a strong
clustering of the mgjority of the Saldanha Bay sherds: associated with this cluster is the Berg
River sherd, two Port Nolloth sherds, a single Karoo sherd and three Folded belt sherds and
possbly aNamaqualand sherd. A further two sherds could be asociated with a Folded Belt and
the Vanrhynsdorp sherd. It isimportant to reiterate & thistime that these overlaps do nd imply
any movement of pattery between these sites but simply that thereisasimil arity in the daysfrom
which they were made, howvever, the pattern is provocaive and further more detail ed work such
as locaing clays to assessthe locd variability could establish for certain whether the pottery

represent long distance ontads.

The next analysis was caried ou to establish the nature of the dusters and sub-clusters from
further south. Sites from Elands Bay to the Cape Peninsulawere analysed. Figure 4.2.11 pots
of those sherds from sites between the Saldanha Bay area ad the Cape Peninsula. Note the tight
overlapping cluster into which sherds from al sitesfall. Two linea clusters are dso present but
thereisnowell defined bregk between them. Figure 4.2.12 amits the Cape peninsula sherds but
adds thase from the interior. Embedded in the tight cluster is a Karoo sherd, whil st other Karoo
sherds show alinea pattern. Referenceto figure 4.2.13shows that the Karoo sherds load strongly
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on Cu and that the value for this element deaeases as one moves to the left of the plot. The
central position with bah Karoo and Folded Belt sherds as well as two Lamberts Bay and a
number of Saldanha Bay sherds represents an intermediate loading on this element. A similar
pattern is een clealy in figure 4.2.14for the Cape Peninsula sherds. | will come badk to this
point below.

Finaly, the pattern for the Southern Cape sites. All sites from the Cape Peninsulato Kleinmond
are plotted in figure 4.2.15.The basic pattern is the same but with two dfferences. Firstly, there
areagreaer number of sherds clustering below the basic topleft cluster. This grouptendsto load
more heavily on Zr which impliesagreaer addition d sand probably astemper to the basic day.
The seaond pant is most interesting in that a single sherd from the Kromme Bay series clusters

very tightly with the Cu-enriched Karoo sherds.

Before procealing, | would like to ded with the question d Cu enrichment in the Karoo sherds.
Tables4.2.3and 4.2.4 pesent data onrock and soil samples from the literature and from my own
sampling. It will imm ediately be seen that relative to the Cape granites and Supergroup, the rocks
and sediments of the Karoo Supergroupare ariched in Cu. Figure 4.2.16 pesents the Cu data
for the sherds graphicdly. It could very well be the cae that the anourt of Cu in a sherd relates
toits provenance A cut-off value of 18-20 ppm seans indicaed: lower than this could indicae
aprovenancein the Cape, whil st higher than this could indicate aKaroo aigin. Obvioudly, this

needs to be tested in afar more detail ed and thorough manner.

The Kromme Bay sherd can thus be seen as a potential imported ware. Thisis not improbable
given what is known of social mohility and gift giving outlined above but it does neel to be
further tested. Thefad that it isasingle spedmen o al those from the aeadoes make astronger
cese. If it camefrom alocd clay sourcethere would surely have been a strong chance of finding

other sherds with this chemicd profile.

On the other hand, the single Karoo sherd (from Smithfield) has a profil e typicd of Cape sherds.
Once aain, thiscould be an imported sherd from the mastal areszs.
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Table 4.2.3.Copper values from the literature (Low & Bristow 1983 Zawada 1984 Duncan et
a. 1984 Marchant & Moore 1978.

Cape Town soil samples (Low & Bristow 1983  |Cu ppn
Granite 8
Shale

Sandstone
Non-cdcareous sndstone
Calcareous sandstone
Mamesbury Shale (mean) -
Pre-Cape Granite -
Table Mountain Sandstone -

N[N N[O

Karoo (Zawada 1984):
Eccamudrock 52
EccdBeaufort transition zone 34
Beaufort mudrock 27

Karoo (Duncan et a. 1989:
Central Karoo dderite 75

Cape Peninsula (Marchant & Moore 1978:

Average SA shale 28

Chapmans Pe& shale 16

Cape Granite 510
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Table4.2.4.Datafor Cu (in ppm) from various sampled sources. Seetext for discusson.

No Location Cu ppm
AC60 |Soil (Mamesbury System): Durbanvill 12
AC60B |Soil (Mamesbury System): Durbanvill e 10
AC200 Mamesbury System: clay, UCT 16
AC201 Mamesbury System: clay, UCT 14
AC56 |Hout Bay beginning of Chapman's Pe&k Drive 18
AC57 |CampsBay Rd at Kloof Nek, TM S soll 8
AC58 |Castlerocks, TMS soil 3
AC35 |Chapman's Pe&k granite soil 9
AC36 |St Helena Bay Granite soil 4
AC53 |Calviniasolil 35
AC62 |South of Laingsburg 13
AC41 |Laingsburg River 16
AC54 |Soil north of Van Rhynsdorp 6
AC39 |River terracesediment east of van Rhyns Dorp 20
AC38 |River sediment North of Van Rhyns Dorp 21
AC33 |River sediment east of Van Rhyns Dorp 27
AC12 |Sediment: T'Goep River, Pofadder 42
AC13 |Sediment: T'Goep River, Pofadder 31
AC30 |Stream sediment east of Port Noll oth 29
AC29 |Stream sediment east of Port Noll oth 24
AC16 |Port Nolloth area 25
AC15 |Rietkloof gate stream sediment Port Noll oth Rd, below escarpment 13
AC8 |Rietkloof gate stream sediment Port Noll oth Rd, below escarpment 18
AC26 |Stream sediment nea Goegap Nature Reserve, Springbok 110
AC21 |Stream sediment north of Springbok 529
AC27 |Soil, Goegap Nature Reserve Springbok 22
AC17 |Green River terrace Springbok 12
AC20 |River sediment between Vioodsdrif and Springbok 31
AC18 |Orange River terracesediment, Vioolsdrif 52
AC24 |Sediment from southern tributary of Orange River nea Vioolsdrif 53
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4.2.6 Conclusions

Itisobvioudy going to be extremely difficult to provenanceKhaoisan pdtery from the Cape done
and posshbly the same gplies to the Karoo bdah o which systems have their own individual
widespread geologicdly simil ar formations. There may be other elements or even isotopes which
| have nat considered which may diff erentiate diff erent formations of either system. Whil st the
bulk geochemistry might be similar, it is possble that rare eaths or isotopes can dff erentiate

sandstones and shales based ontheir provenance and hence ay clays derived from them.

Thin sedion analysis caried ou on a locdised basis might aso be successul in identifying
inclusions which can be locdly provenanced. Overdl, howvever, only broad long distance

provenancing may be passble for the time being.
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Figure 4.2.4.CA plot of the first two axes for the mmparison ketween all the Khoisan sherd
samples and the variability of asingle whole vessl (from the Messum, Namibia) represented

by analyses of thirteen individual speamens from the same whole vessdl (seeCh. 3.1.).
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Figure 4.2.4continued.
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Figure 4.2.5.CA plot of first two axes for coastal sites from Namibiato Elands Bay.

88

Document Produced by deskPDF Unregistered :: http://www.docudesk.com



0.7

v

>
=
8 0 '
.% O A
> O |
= [ ]
© o ||
:é O o E A A
"6 0 5 8_.
9 | | 3 %
N " gm 7 x
o™
A
.. | A
o v
» | v A
Ed n
-0.7

-0.7 0

Axis 1: 31.1% of total variability

0.7

n
L
A
\4

Port Nolloth
Kleinsee
Lamberts Bay

Elands Bay

00 Meob Bay
O Walvis Bay

A Swakopmund

VvV  Chamois Bay
= Claratal

¥ Namaqualand

Figure 4.2.6.CA plot of thefirst and third axes for coastal sites from Namibiato Elands Bay.

Document Produced by deskPDF Unregistered :: http://www.docudesk.com

89



0.7
7n Cu

=
a Y CaMg
@
‘;’ Mn Til Co
ko Fe Y
i) 0 Nb ~
s} Sr e
e Rb
(e}
M~ Zr
& Na Al Si
) K
<

-0.7

-0.7 0 0.7

Axis 1: 31.1% of total variability

Figure 4.2.7.CA plot showing the distribution o elements uponwhich the sherds load.

90

Document Produced by deskPDF Unregistered :: http://www.docudesk.com



1
Cu

>
g Na
g
— Nb
© K M ;
2 Rb ZnCi?.l\égN'V e
5 Asrrico
= Si
g Zr
® Y
0
B

-1

-1 0 1

Axis 1: 31.1% of total variability

Figure 4.2.8.CA plot of axes 1 and 3 d the dements uponwhich the sherds load.

91

Document Produced by deskPDF Unregistered :: http://www.docudesk.com



1
O
O
Z o
E
@
1] O
> vV U
I 4 %o, o
L 0 gx X oA A.A o . %u‘ *
k5] Vol o3
< x .‘0 xv‘ A :”B:..o
N A V. VYe ..o:
<t v AA o®
&N v
R<)
2
-1
-1 0 1
Axis 1: 47.9% of total variability

U Port Nolloth * Saldanha Bay ¥ Namagqualand

O Kleinsee B Berg River A Folded Belt

A Lamberts Bay V Vanrhynsdorp % Karoo

V  Elands Bay

Figure 4.2.9. CA plot of the first two axes of the Port Noll oth to Elands Bay sites.

92

Document Produced by deskPDF Unregistered :: http://www.docudesk.com



1
Y

=
%
§ cu Zn
:8 Ni CaMayin Nb Rb
= 0 €o v TiFe Na
™~ A
3 Si
&
R
b

-1

-1 0 1

Axis 1: 47.9% of total variability
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4.3 BOTSWANA AND NORTHEASTERN NAMIBIA.

4.3.1 Archaeological Background

This sedion will ded with defining provenance isaues relating to Botswana, in particular the
north, but as there ae dose alltural as well as geologicd links to natheastern Namibia (the

Kavango and Caprivi) these aeas will also be dedt with asawhale.

Northern Botswana is one of the more fascinating areas from both an anthropdogicd and
archaenlogicd pant of view nat, hovever, as aresult of spedaaular finds (of which there ae)
but rather for the theoretica implicaions for southern African archaeology. It is believed bah
onarchaeologicd (Cooke 1965 Huff man 1994 andlinguistic evidence(Westphal 1963 Elphick
1977 that this areawas the entry point for the introduction d the first domesticated stock,
pottery and perhaps metal-working into southern Africa and hence the first contads between

hurter-gatherers and these new econamies and material objeds.

The contad between a highly mobile hurting and gathering way of life and a community
(whether herdersor Iron Age farmers) who ovned damestic stock and pradised new techndogies
woud have had important and far readiing socia implicaionsfor ead ather. This has provoked
an aaimonious debate anongst anthropdogists over the history and current status of present day
surviving 'Kung (or San) communiti es: had they remained independent hurter-gatherers snce
the ariva of thesefirst herders and farmers or are they to be seen as an underclassecnanicaly
dependent onthem (Denbow & Wilmsen 1983, 1986Wilmsen 1983, 1993, 1995, 1996ee&
Guenther 1991)? Provenance studies could be of some relevanceto this debate by determining

whether oneitem of material culture, namely pats, were locdly made or imported.
For example, if pattery found on huter-gatherer sites outside the sphere of settlement of ealy
farmer or herder sites can be provenanced to the latter aress, it would provide evidencefor trade

or exchange sincethe ealiest contad. If there is evidencefor atrend over time that pottery was

increasingly being made locdly, this could indicae that a cetain social distancewas being kept.
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Figure 4.3.1.Northern Botswana and natheastern Namibia showing main sites mentioned.

Various senarios depending upon ore s theoreticd inclination are of course possble assuming
enough sites of the gopropriate age ae foundand excavated. What is definitely known is that
groups of San hurter-gatherers from the Kalahari regularly visited Iron Age farmersliving along
the Kavango River and traded for various commoditi es. Ostrich eggshell beals, game and skins
were traded for clay pots, metal artefads and grain. Such interadions have been described by
Wilhelm (1954 whil st Mbukushu pdsherds have been excavated from the site of Cha/ana some
100 km south of the Kavango River (Smith & Lee1997). In addition, | have examined atypicd
Kavango style pat, accessoned in the alledions of the V6lkekunde Museum, Berlin asa!Kung
pat, which had been colleded in the central Kalahari from a!Kung band by an interested German
Schiitztruppe during the curse of apatrol sometime dter 1900and subsequently doreted to the

Museum. Thiswas obviously atrade item.
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The Early Iron Age sites of Nloma and Divuyu as well as other sites such as Depresson Cave
and various geallarite minesin the hill s have dso produced evidencefor extensive two way
trade links (Denbow 199Q Robhins et al. 1993, 1998Miller 1996 Wilmsen 1996 Reid &
Segobye 2000 with bah the eat and the northwest. Iron, copper, cowrie shell s and glassbeals
came in whil st haematite or speaularite, salt, fish, and game went out. No imported decorative
pattery typologies have yet been reported (site reports are still 1 adking) but clues to these trade
or exchange links coud yet lie in the geochemistry of the sherds foundat those sites. Naturally
enowgh, the achaeologicd interpretation o the geochemicd datawill depend uporthe particular
theoreticd pasition taken.

4.3.2 Geological setting

The surfacegeology of this northern region consists of the Kalahari Groupwhich comprises a
flat landscgpe dharaderised by dunes, pans, gravel and clays which have been transported, laid
down and reworked by water and wind, substantial alluvial depaositslaid dowvn by the Kavango
River aswell asafew outcrops (such asthe Tsodil 0 and Kgwebe Hill s) of much dder rocks (Key
& Ayres 200Q Modie 2000. The geochemistry of these sediments will be influenced by the
cachment of the rivers flowing into the region and depositing sediments, for example, the
Kavango, the Kuito and the Kwandoflowing south and southeastwards out of Angolaand which
are sourced to anorthosites (Furon 1963. There could thus be patches of variability depending
uponwhich river was dominant at any paint in time. The only study currently avail able indicates
a fairly uniform compositional profile with perhaps isolated areas of variability (Chatupa &
Direng 2000.

Approximately 250 km to the southeast of the Tsodil o Hill s li es the Kwgebe Hill s formed from
various volcanic rocks (Kampureu et al. 1998. Modie (2000 reports that Cu mineralisationis
known from the aea Thisfad, together with the presence of a more mafic geology, could result

in ageochemicd signature dharaderistic for this area

The other sitesto be mnsidered, Toutswe and BPT2, are locaed in the southeast. Toutswe is
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situated on an inselberg of presumably Archaean rocks (Key & Ayres 2000 in the eatern
hardveld and BPT2 is ome 29 km to the eat. It is presumed that the underlying geology would
influencethe compasition d the surfacesediments (either through re-mobhili sation by water or

termite adivity) and that this area ca be distinguished from other aress.

4.3.3 Previous work and current aims

The only previous provenancereseach was caried ou by Gihwala € al. (1985 who analysed
a small suite of potsherds and clay samples from sites along the Kavango River and in the
Caprivi using PIXE. The results were inconclusive in that there was no clea geographicd
separation ketween clay sources. Whether thiswas afunction d the method of analysis or small
number of samplesisnow difficult to say. As smples were still avail able, it was dedded to re-

anayse them together with the Botswana samples.

Reference has also made (Chapter 1.1 and figure 1.1) to the existence of pottery traders in
Ovamboland (Jacobson et al. 1985. How far their wares were traded is unknovn bu one can
only assume they must have been fulfilling aneed for ceramic vessls in areas where they were
not being made or which ladked suitable days for their manufadure. Trade items shoud
therefore nat be too scarce in some aeas but whether they can be identified is the dall enge.

Thereisaso the dalenge of finding whether there ae any imports at other sitesin the region.

The total sample size of the cmbined samples from Kavango and Botswana is snall thus
making any provenance study unredistic & this gage. The am of the analysisis, rather, to
empiricdly test my initia hypothesis based on what is known of the geology, that the
compasitional profil e of the northern Botswana-Kavango-Caprivi areawill be diff erent to that
of the Kgwebe Hill s and badh to Toutswe and BPT2. The empiricd data can then be used for
developing revised hypaotheses to be tested in more detail i n the future.
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Table 4.3.1.Clays from northeastern Namibia. All clays colleded from patters.

Sample(s) | Locdity Comments

D9 Guma, Kavango Prepared mixture of clay and temper (a qushed
sherd)

D10,D30 | Guma, Kavango Rejeded clay

D13 Halili , Kavango Raw clay

D14 Kapako, Kavango | Raw clay

D15 Kapako, Kavango | Prepared mixture of clay and temper (a aushed
sherd)

D16,D29 | Katere, Kavango Reeded clay

D18,D22 | KatimaMulilo, Raw clay

Caprivi

D17,D26, | Linyanti, Caprivi Raw clay

D27,D42

D19,D24 | Ngoma, Caprivi Raw clay

D23,D28 | Oshombo, Oshakati | Raw clay

4.3.4 The samples

Kavango and Caprivi

Eighteen clay samplesfrom eight diff erent locdliti es and fourteen patsherds from seven locditi es
were analysed. Where possble, more than ore spedmen for analysis was taken from ead

sample. The days represent those that were mlleded by the potters themselves although the

patters had rejeded a number for various reasons, such as being too “ gritty” (Table 4.1).

The sherds had nd been systematicdly excavated bu were surfacesamples coll eded at randam
by various people. They probably represent a variety of ages, cultural affinities and
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manufaduring techniques from the region (Sandelowsky 1973 Otto 1978 Woods 1984, b;
Kinahan 1986 Jambson 1987. The site locaions are shown in figure 4.3.1.

Tsodilo Hills

The threehill s of quartziti c schist which break the monaony of the Kalahari givesthe aeaits
name. The Hill s and surroundng area ae well known for the anourt of research they have
recaved from archaeologists: long and short sequences of Late Stone Age (and ealier)
settlementsin caves and shelters (Roblins & Campbell 1988 Robhins 1990 aswell as surface
scaters (Rudrer, 1. 1969, important Early Iron Age (EIA) settlements (Denbowv & Wilmsen
1983 Denbow 1990, schist and hematite mines (Robhins et al. 1993 and rock art (Rudrer, I.
1965 Robhinset a. 1993 Campbell et a. 1999 have dl been excavated, studied and recorded
from this area Incidentally, a previous visitor had been the well known Laurens van der Post
(1958 whothowght the Hill swere inhabited by spirits and for whom he left amessagein alime
juicebattle!

Potsherds had been coll eded from anumber of locditi esincluding overhangs, cleftsand ketween
boudersduring arock art survey by Rudrer (1965 and it was from this coll edion that most of
the Tsodilo sherds were taken for analysis. Two sherds (b12 and bp3 have only been
provenanced to the broad Tsodil o area aad were obtained from atourist who hed visited in the
1950s and hed colleded them out of interest. Based ontheill ustrations in Rudrer (1965 the
pottery can be stylisticaly referred to Early Iron Age Divuyu (eg, Rudrer 1965,figure 6: 14.2,
14.7,15A.3, 25.2 and N!'oma (Rudrer 1965, figure 6: 14.6 or modern Hambukushu wares
(Rudrer 1965,figure 6: 9B.1, B.3, 16.1 Huffman pers. comm.). Hambukushu settlements are
foundin the general areaof the Okavango River from the swamps northwards into Namibia.
Littleisknown o their history but they are suppcsed to have entered Botswana @ou 1700AD
(Campbell pers. comm.). Although the Tsodilo padtery may have been made by them, they did
not necessrily leave it at these particular sites. Firstly, the rock art with which the paottery is
usually associated is regarded as being of hurter-gatherer origin and secondy there is ample
evidencefor trade between hurter-gatherers and the Bantu-spe&king farmers of the aea(Wilhelm
1954). This senario is equall y appli cable to acmurt for the presenceof the Early Iron Age wares
inthe Hill s.
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In addition to the @bove samples, anumber of other sherds from spedfic sites in and aroundthe
Hill swere analysed. These ae:

Depression Cave: Thisisa cave locaed in the Hill s and containing along sequence of Late
Stone Age occupation haizons (Denbow & Wilmsen 1983 Robhins 199Q Robhins & Campbell
1988. The upper levels contain patery and are dated between 100and 1650A.D. Threeplain
sherds were analysed. It is possble that these sherds were not made by the hunter-gatherer
occupants of the site but originate from herder or Iron Age settlements neaby.

Divuyu: Thismagjor EIA siteislocated close to the Hill s (Denbow 1990, 199; Wilmsen 199§.
It isdated to the period 550730AD. Of interest isthe presenceof many iron and copper artefads
and ornaments. These must have been traded into the aea & nolocd sources for these metals
are known (Mill er 1996. There ae dso subsistence items such as fish, mammals and shells
which ariginate from the Kavango/Kunene river systems. The pattery style has no parall el with
anything known in South Africaor Zimbabwe and could extendinto Angola. Both charcoa and
cdcrete tempered sherds are recorded from this ste.

N!oma: Thisisthe sesmndmajor EIA sitein theimmediate aea(Denbown 1990, 1999Wilmsen
1996. Radiocarbon dites placeitsinitial period o occupation between AD 850-1090.Much
metal work was found similar to Divuyu (Miller 1996. Not only does the pottery differ
stylisticdly from Divuyu (although linked to Angola and Zambia) but the e@namy seemsto have
been more dependant uponcatle than Divuyu. Trade in salt is inferred as well as wider links
aaossthe Kalahari from the swamps eastwards reading as far as the Indian Ocean from the
evidence of glassbeals and cowrie shell s. Pottery here is mainly charcoal tempered but includes
Gokomere and Dambwa types which are found from Limpopo Province (SA) to southern
Zambia. Analysis of the apper artefads by Mill er (Mill er 1996 reveded afew with very high
phospharus content similar to knowvn artefads from Zaire and copper ore from Phalaborwa. All
the evidencefor this ste awell as Divuyu thus indicates extensive trade links whether dired or
indired. Four sherds were avail able for analysis.

Xaro: This steis stuated nea Tsodil o close to the Okavango river. The ceamics belong to the
same traditi on asthose from Divuyu and Ngoma dthough the siteis smewhat later, i.e., the 16th
century A.D. (Denbow 1990,Denbow & Wilmsen 1988§.

Sites from further afield bu within the Kalahari are;
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Qugana: An island site in the eatern delta of the Kavango swamps and dhted to the eghth
century A.D. The ceamics are of the Gokomere tradition d northeastern Botswana (Denbow &

Wilmsen 198§. This could be ahurting site and nd the usua living site.

Serondela: Similar to Qugana with resped to age and ceramics but situated onthe Chobe river
(Denbow & Wilmsen 1983.

Kgwebe Hills: Both Khai and Tswana ceamics have been found fere together with iron and
copper artifads, slag and glassbeads (Denbow & Wilmsen 1983. There is also evidence for
“ancient” workingsin the hill s (D.P. Piper, Geologicd Survey of Botswana, pers.comm.) which

may be conreded to the Cu minerali zation mentioned above.

Toutswe: A mgjor Early Iron Age site with glassbeads and cowrie shell sindicating extensive
trade links to the East Coast and dated to 960AD (Lepionka 1979 Denbow & Wilmsen 1983,
1986 Denbaw 1999. Toutswe style sherds have dso been foundat sites further to the eat such
asK2intheLimpopoValley. A few have been analysed and will be discussed under these sites.

Break Pressure Tank 2: A Toutswe period site 29 km to the eat of Toutswe (Reid & Segobye
2000. The analysed sherds included Toutswe and Mapungubwe types (Reid pers comm).

L obatse: A dugicate sample from amodern pa made a Lobatse was also analysed. Thisisvery
far south of the aeas currently being surveyed bt it wasincluded out of interest asa comparative
sample. Thereisareaord, in addition, that modern pasfrom thisarea ae tempered with asbestos
(Grant, L.H. 1968 so the results could be of further interest.

Xaro, Depresson Cave, Divuyu, Ngoma andthe Tsodil o Hill s surfacesites arelocaed very close
to each ather and can beregarded as asingle broad locdity. If indeed noclays are foundin the
vicinity of the sites (seebelow) then ether claysfor patting were carried in o vessels were made
elsewhere and lrought in. There is thus the expedation for alot of variability in the chemicd

datafor the vessls from this area
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4.3.5 The temper problem

A. Campbell (pers. comm.) who knavsthe aeawell hasindicated that there aenoclaysin the
immediate Tsodil 0 areaand that the nearest sources are probably the Xaudum River 20km to the
south or the Ncamaseri River 10 km to the north. This could acourt for the use of charcoal and
other tempersin the pattery. If it was necessary for clay to have been caried in for some distance,
it is therefore possble that temper was added to the imported clay to make it go further.
However, as charcoa and (occasionally) bore tempered wares appea to be foundthroughou
northern Botswana andinto natheastern Namibia (Woods 1984, b; Denbowv & Wilmsen 1986,
aternative explanations are dso passhble. Such temper might have been necessary as an additive
for clays difficult to work or fire or simply, as has been nded previoudly, to produce lighter
vessls (Skibo et d. 1989. lone Rudrer, the writer of the Tsodilo paper who together with her
husband Jaimar has had considerable experiencein colleding and handling pottery from most
of southern Africa(Rudrer, J. 1968, n.d, naed in this context "This pattery is surprisingly light
in weight" (Rudrer, 1. 1969. Alternatively, these vessels could have been traded far afield.

Perhaps, in the end, a combination d these drcumstancesis resporsible.

As much of the pottery from this areais tempered to a greder or leser extent with either
charcoal, bore or grit, careful examination d the sherds prior to chocsing suitable samples for
analysiswas made but at the sametime, given the experimental work ontemper described ealier,
tempered samples were dso chosen. As has been nded, atempered sherd might not necessarily
give an acarate locdity provenancebut it could identify a potter or group d pattersto a broader

geographicd region.
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4.3.6 Statistical analysis

Kavango and Caprivi

Table A4.3.1 pesentsthe datafor the days. It can be seen that individual samples from the same
dtegive very similar results (these ae not dugdi cated samples) except for perhaps Katere (D16
and D29). The potsherds, Table A4.3.2, dfer no surprises. The only evidence for a passble
(lightly) bore tempered sherd, given its prevalencein the region, might be pc5 with somewhat
enriched CaO and P,O; values athough the latter could be the result of contamination.

In order to visualy present the relationships between the days and the sherds, a CA plot is
presented in figure 4.3.2.Threesherds are omitted from thisrun, remely, D11 (depleted in Y),
bz14 (depleted in Al,O,, CaO and V) and kz23 (enriched in CaO and Sr). These threesherds
because of their extreme differences with resped to these dements compared to the other
examples, plot as extreme outliers. Thisisnat to interpret them asimports, rather they represent
the outer limits to the variability of the sherds for this region. For the rest, nae how the days
from the Kavango tend to cluster together. The two Katere samples show some distance from
eadt ather but the Katere sherd plots right on the upper clay. The Ngoma sherd also plots close
to the Ngoma days which in turn are dose to the Katima Mulil o clays and the Ihaha sherds. The
Linyanti sherds are quite variable and bea littl e resemblanceto the Linyanti clays. Although the
small sample size does limit i nterpretation there neverthelessdoes sam to be adifferentiation
between Kavango, Ovambo and Caprivi clays. Whether this will be maintained ornce samples

from additional new locdliti es are obtained remains open at present.

Botswana

Table A4.3.3 pesents the full set of analyticd results for Botswana. The two Lobatse samples
stand ou dramaticaly with their highly enriched MgO, Ni and Cr values. RBO1 (Site BPT2) is
also enriched, relative to al other samples, in Ni and espedaly Cr and indicaes a mafic
badkground bui probably a sourcewith a higher Cr content than the locd basalts contain. | shall
return to this interesting sample in a later sedion. Otherwise, a perusal of the composition o

sherds from the same site indicates a grea ded of variability, for example, b1 and b2from
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Divuyu where, amongst others, Y ranges from 0 to 73 ppn respedively. The group d sherds
with a mnsistent pattern of elementa enrichment relative to othersin the suite, i.e., Zn and MnO
in particular as well as Cu and Ni, are those from the Kgwebe Hill s. On the basis of their
geochemistry, these samples can definitely be related to clays formed from the Kgwebe basic

volcanics (Kampurzu et al. 1999.

These and aher differences will be better examined with a CA plot, but first, hovever, | wish
to draw attention to five samples, bz3, lx7, z10, l¥6 and kzl2. The first three have
exceptionally high CaO and P,O; values clealy indicaing the presence of bone temper. Based
onthe figuresin Table 2.6 (page 33), better than 24% of the sherd bod/ must consist of bore
temper. These three samples were omitted from the correspondence analysis but a visual
comparison d the valuesfor the other elements between these threesamples and aher Tsodilo

samplesindicae fairly similar broad compositional profil es.

Samplesbz6 and kzl2 wereoriginally asingle large aarsely tempered sherd which was $lit and
separately anaysed (seesedion 3.1.). The diff erence between the halves liesin the CaO and Sr
values which for bz12 are goproximately half those for bz6. Thisindicaes the presence of more

cdcrete or charcoa temper in the latter. Both halves were kept for the correspondence analysis.

Anather painter to the presence of charcoa as temper appeasto be the high LOI values (>10%)
foundin many sherds from the Tsodil o Hill s. The heavy and obvous tempering of sherds with
charcod and/or bore culd be adistinctive provenance marker for this area @ the charcoa and
bore temper that Woods describesin thin sedion (Woods 1984, b; Gihwala € a. 19851 and
that | have seen from the Kavango and Caprivi are not visually obvious and can generally only
be seen under the microscope or with the ad of astrong magnifier. Certainly, they do nd occur

as“lumps’ or large fragments.
Figure 4.3.3isa CA plot of al the Namibian and Botswana sherds and clays apart from the bore
tempered sherds mentioned above and RBO1. When such a highly variable group d samplesis

used, the Kavango clays cluster into asingletight group.At this £deit meansthat theindividual

clay sources from the Kavango River can nd be diff erentiated assuming the diff erentiation was
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originaly redistic. The gparent grouping of al the daysis disproved by the plot of the 1% and
39 axesin figure 4.3.4.The threeregions move avay from ead whil st the separation d Ngoma
and Linyanti claysis gill maintained. There is also a strong separation ketween the Kalahari
group onthe one hand, the eatern Botswana group and the Kgwebe Hill s.

The apparent overlap between the two Serondella samples and the Kavango sample with the
eastern group d Toutswe andBPT2 infigure4.3.3isresolved infigure 4.3.4when those samples
move in oppasite diredions on the 3 axis which represents 14.26 of total variability, a
significant amourt. This particular attempt to link the daysto the sherds will nat be taken further
as the few clays are definitely not representative enowgh for afinal definitive statement. What
is neaded are day samples away from the mgor northern riversin arder to assessthe region's

overal variability.

Figure4.35isasimilar plot but excluding the days. Noticethe relationship of the split sherds
to each ather. Although the 3" axis, figure 4.3.6,separates them somewhat, in the light of the
overall variability for the Tsodil o Hill s areathey do nd show any significant diff erences once
al the dements have been taken into consideration in amultivariate analysis. The 3 axis once
again separates out the threesamples (Kavango and Serondell @) with the goparent overlap. Of
these threg the Kavango sherd is definitely the most diff erent to the Toutswe/BPT2 group bu
it must be borne in mind that it is an assumption that these sherds are locdly made. The two
Serondellasherds could, in fad, originate from an areanat considered in thiswork as no samples
are available. It is aso just possble that the long elongated cluster of the Kalahari sherds
represents two sub-clusters, the lower one locdised at the Hill s and the upper cluster imports

from an as yet unknown locdity.

Figure 4.3.7maps the generali sed relationship between the sherds and their chemistry for axes
1 and 2.1f figure 4.3.5is compared to this, axis 1 separates out the northern sherds from the
eastern sherds onthe basis that the former load higher in general on more felsic dements whil st
the latter load higher on mafic dements. The 2™ axis sparates the Kgwebe sherds from the
eastern sherds onthe basis of their Zn and MnO content whil st the northern sherds are strung out
ona ontinuum emphasising Sr and K (amongst others) at one endand Y and Nb at the other.
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Figure 4.3.8isamap o the northern sherds only plotted acording to their locaion. Even with
small numbers note the wide dispersion d the samplesin the groupindicaing highly variable

clay sources though whether locd or from afar is not yet possble to say.

Finally, figure 4.3.9 shows the distribution d Tsodilo Hills sherds plotted depending upaon
whether they have high (>10%) and low (<10%) values for LOI. Once ajain, thereis no pettern
to thedistribution. If | am corred that high LOI (i.e. >10%) indicates that pottery with high levels
of charcoal temper are only foundin the Tsodilo Hill s area ad, further, if Alec Campbell is
corred that there ae no locd clays, then clays must have been brought in from a variety of
sourcesto be made locdly. Alternatively, the patters themselves coud have travell ed to the day
deposit, made their vessels there and carried them badk, the temper serving to li ghten the vessls

for their transportation.

4.3.7 Discussion and Conclusions

Northern Botswana, and natheastern Namibia with which it forms a geographicd whale, isa
large area ®vered mainly by Kalahari Group sediments. The evidence presented above shows
that in spite of only afew pottery samples being analysed, thereisalot of geochemicd variability
present probably as a result of the sediments and clays having diff erent origins resulting from
drainage patterns changing over time. Nevertheless the region stands in contrast to the samples
from eastern Botswana and the Kgwebe Hill s, amore locdi sed areawithin the Ka ahari, and can
be said to have aregional signature which can be defined in multivariate “space”. This makes
it suitable for provenancing with resped to regional issues but might be problematic for more

locdised isaues uch as contad between Tsodil 0 and the Kavango, for example.

However, beaing in mind the low numbers of pots tested espedally those from the sites of
Divuyu and N!oma, the foll owing models are presented as competing working hypotheses for
future testing:

1. Locd clays used (highly variable in composition) - temper added to improve firing

SUCCESS
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2. No suitable locd clays - clays brought in from other sources and pds made locdly;
temper added to improve firing successor to maximise use of clay;

3. No suitable locd clays - potters travel to distant clay sources, make vessls there and
cary them bad (?charcoal tempered to lighten vessels for transport);

4, No suitable locd clays - pots geaficdly imported.
Pots arrive from outside a an adjunct to trade in ather items or through social fadors

(marriage, tribute, attendance d court, etc).

Testing the dove scenarios will require the @ll eding and analysing of many more day samples
aswell asthe analysis of awide range of sherdsincluding different decorative styles principally
from the two Early Iron Age sites of Divuyu and N!oma before the final word onthisisaie can
be redised. Models 2 and 3could mean that sherds tempered with large charcoal fragments are
unique to the Tsodil o areatherefore providing a provenancing key shoud similar vessals be
foundin low frequencies elsewhere. Separating model 2 from 3 might only be possbleif cades
of raw clay (with anoniocd compasitiond profile) are found.Separating models 3 and 4might
be even more difficult and might only be possbleif imported vessels are stylisticdly diff erent
or, in terms of compasition, are more variable than would be the cae if people were exploiting
one clay source Thefina picture, however, could probably be amix of locdly made (or nea
locdly made) vessels and those imported either deliberately or secondary to ather trade items or
social fadors. It will be up to archaeologists to suggest the more plausible explanation by
integrating compasitional profiles and style with aher lines of evidence such as the exad
feaures where pats are found onasite. Further comparisons between the eatern Botswana sites
of BPT2 and Toutswe will be discussed in the sedion onthe LimpopoValley to which they are
culturally and geographicdly linked.

Clealy, there is much to do in the Kaahari. Extensive trade has been dacumented bah
archaeologicdly and hstoricdly and the results presented above show the potential that a

detail ed survey can redise.
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4.4 THE SHASHE-LIMPOPO RIVER CONFLUENCE.

4.4.1 Archaeological background

The aea & the cnfluenceof the Limpopoand Shashe Riversisthe locaion d threeimportant
Iron Age sites which dacument increasing trade relations between the interior and the East coast

aswell asimportant social transformations that resulted from the control of this trade.

Thefirst of these, Schrodawas sttled by Zhizo peoplesin the ealy 10" century AD. It wasthe
largest and most important site in the aea(36 Zhizo settlements are known) and it is estimated
that some 500 people lived there. Evidence for trade includes glass beads and cowrie shells
which were imported andivory which was exported (Hanisch 1981 Huffman 1996, 2002, van
Schalkwyk, J.A. & Hanisch 2003. In addition, any iron artefads would have had to be imported
asthe aeaisdeficient in natural sources of the metal. Asit wasthe caital, it would also have
been the centre where religious and ritual ceremonies were held. It is therefore of interest that a
large number of clay figurines were found.These would most likely have been used in initiation

caemonies.

Abou AD 1020Schroda was abandored. At the same time Leopard’ s Kopje pattery suddenly
appeaed in the region (Huffman 1978, 199%and rapidly displacel the locd Zhizo although
pockets remained in the west (Calabrese 200(). By AD 1030K 2 was establi shed and lasted urtil
AD 1220 when it too was abandored. During this time, K2 took over control of the eat coast
trade which had becme intensified and developed its own particular pattery style. It, too, was
the caital of alarge aeawhich included a number of subardinate sites and it is estimated that
the popdation grew to abou 2000 people (Voigt 1981a; Huffman 1996, 2000Meyer 1998
200Q Calabrese 20008H.

K2 was abandored in AD 1220when people moved to thefoat of ahill, Mapurgubwe, abou one

kilometre away (Fouche 1937 van Riet Lowe 1955 Gardner 1963 Voigt 1981a, b, 1983
Huffman 1996, 2000Meyer 1997,1998. The popuation grew to approximately 5000 pople
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and theimportance of the site grew acordingly. It is estimated that it controll ed an areaof some
30000sg km (Huffman 200Q. Trade intensified and gold was added to the exports. By now,
social stratificaion was taking place ad this ste saw the origin of saaed leadership develop
when the Chief and hsfamily isolated themselves from the rest of the people by moving to the
top d the hill (Huffman 200Q.

The Shashe-LimpopoVall ey itself has few mineralogicd resources $ any metal, whether gold,
copper or iron,would have originated el sewhere dthough they could have been reworked locdly.
Ivory, which was anather important trade item, indeed, probably the original trade item from
Schroda times, would ariginally have been oltained locdly but, as agriculture expanded and
locd eephants hurted out, would have been accessed el sewhere, perhaps Botswana. The same
appliesto hides and fur of other animals (Voigt 1981b, 1983 Trade and traders would therefore
have passd through eadh of these caitals. They may even have settled there in their own
compound. Sourcing pattery might be the only way of measuring the diredion and intensity of
trade and aher socia exchange andinteraction. To this end, pdsherds from all threesites were
analysed as well as pedmens from a number of other smaller sites in the aea Figurine

fragments from Schroda, probably used in ritual ceremonies, were dso analysed.

4.4.2 Geological setting

All the sites mentioned here ae located onKaroo Supergroup sediments (Bordy & Catuneanu
2001,2002 asxciated with locdised oucrops of dderite. To the north, aaossthe Limpopo
River isamassve outcrop d Karoo hesalts (Haughton 1969. The Karoo rocks are surrounded
by the LimpopoBelt and aher ealy formations consisting of Archaean granites, gneisses and
other metamorphic rocks (Haughton 1969 Holzer et a. 1999. It isexpeded that clays devel oped
onKaroorockswill be quite different to those of the surroundng formations. In particular many

of the latter are minerali sed and are eriched in Cu, Cr, Ni andV among others.
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4.4.3 Previous work and current aims

Theonly previouswork was caried ou onasmall er sample of sherds by Jambsonet d. (1995%).

A number of outlierswere identified bu only fivetrace éements were used in the analysis. Since

then, those samples as well as additional ones have been fully analysed.

Given the wide ranging trade networks mentioned above & well asthe fad that the larger sites

were caitals and were the locaion d courts, it is no surprise that stylisticdly nontlocd sherds

were recovered (seebelow). As no clay sources are known, orce gain the question d locd

versus imported revolves around afining a geochemicd reference group against which ouliers

can be compared.

Table 4.4.1.The Shashe-LimpopoRiver Valey. The sites, their phases, dates and the number of
sherds analysed. Dates from Vogel (2000.

Site Phase
Schroda Zhizo
SchrodaFigurines  Zhizo
Leokwe Hill Zhizo
Baobab Zhizo

K2 K2

Den Stad K2
Mapungubwe Mapungubwe
Edmondsburg Mapungubwe
AD15 Mapungubwe

Date AD

9701025
970-1025
11661210
1020
10361210
12161280
1240

No of sherds

30
10 (figurine fragments)
60
22
60
12
66
6
7

Anather topic relates to the production d pottery. The large popuations inhabiting K2 and

Mapumgubwe raises the question as whether ead family unit produced its own pdtery or

whether spedali sed pdters made an appeaance Thefiring of ceramicsrequiresalot of fuel. As
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woodin the dose vicinity of the towns might have been soonexhausted due to consumption as
firewoodandfor buil ding, it might have been necessary to travel adistanceto acaumulate enough
for afiring. Under the drcumstances, there is the posshbility that paotters living away from the
main centre may have produced patery spedficdly for sae or exchange in the town. The
identificaion of such a pradicemay not be eay and will depend uponthe variability of locd
clays andthe aility to pin pant these sources. A small number of sources could indicae fewer

potters at work.

A further interesting point relates to the growth of popuation at eat of these three catres but
particularly Mapurgubwe with its estimated 50® people. Did this growth arise through netural
increase or through immigration from outlying areas? Asthe caita of atrading state were there
spedfic locdions for the domicil e of traders and aher merchants? Can provenancing pottery
assst in the answering of these questions? Thiswill ultimately depend uponlinking nonlocd
styles, proven imports and aher material objeds to spedfic feaures or domestic units of the

settlement.

4.4.4 The samples

Table 4.4.1lists the sites and the number of sherds analysed. Both decorated and undkcorated
sherds were analysed. The identifications were made by the achaeologists who provided the
sherds. Table 4.4.2liststhose with nortlocd deoration. Unfortunately, the spedfic feaurefrom
which the sherds were taken is unknown. They therefore qualify astype Q4 a Q5 sherds (Table
3.4). Thisdoes limit the interpretation d the results.

4.4.5 The statistical analysis
Apart from those sherds with incomplete data, the entire suite of sherds, 263in dl, from the sites

listed above were analysed together. The full data set can be foundin Tables A4.4.1to A4.4.5
in the Appendix.
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Table4.4.2.LimpopoValley. Sherds with nonlocd style.

EDMONDSBURG BAOBAB
LM625 K2 LM601 Blouberg
LM602 Blouberg
LEOKWE HILL LM603 K2
LM203 LK LM604 K2
LM229 K2 LM605 K2
LM230 Woodandale LM606 Klingbeil
LM231 K2
LM232 K2 K2
LM236 Happy Rest LM136A Toutswe
LM237 Happy Rest t17 Toutswe
LM244 K2 t18 Toutswe
t255 Toutswe
SCHRODA t8 Toutswe
LM410 Late Matakoma
LM411 Atypicd ?Klingbeil MAPUNGUBWE
LM412 Atypicd ?Klingbelil LM102 Eiland
LM414 Atypicd ?Klingbelil LM103 Eiland
LM415 Atypicd LM105 AWoodandale
mxj1 Eiland
AD15 mx;j 2 Eiland
LM630 Thin bladk sherd: ?shallow hp3 ?Khami
bowl ex Mapurgubwe?
LM631 K2

One sherd, hplfrom Mapungubwe, was analysed as a suppementary point as its very high
loading on MgO, Ni and Cr makes it an obvious outlier whil st these high values would also
compressthe rest of the paints and make their interpretation lessobvious. Figure 4.4.1listhefirst
plot of al samplesandill ustratesthe pasition d hpl1.This plot also shows the dense dustering
of the mgjority of the sherds together with a smaller number of outliers. Figure 4.4.2 anits hpl
and dotsthe sherdsidentified to their individual sites. The obvious outli ers have been cordored
off. It can be plainly seen that there is no obvous clustering separating the sites on the large
centra cluster from ead ather. The samples overlap and the best explanation for this at present
isthat the whoe duster represents a geochemicd reference groupfor those sites stuated onthe
Karoo Supergrouprocks. It is therefore important to nae here that in terms of this definition,
until locd clay sources on the Karoo rocks can be uniquely differentiated, “locd” in terms of

physicd provenancewill refer to thisentire aea i.e., the goproximately 65 km wide and upto
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20 km deg areaof Karoo sediments (Bordy & Catuneanu 2002 figure 2).

The ouliers (listed in Table 4.4.3 are very different in composition as | shall further
demonstrate. The small cluster to the lower right of the groupis either an extension o the main
cluster’ svariability or else aseparate duster of sherds made dsewhere. Figure 4.4.3showsthe
distributional pattern of the dements on which the sherds load.

Thetrend marked in figure 4.4.2shows a stealily increasing amourt of the mafic d ements MgO,
Ni and Cr inthe overall composition. This can either result from potters adding temper in varying
amourts derived from the locd dderite or basalt or elseit refleds naturall y formed clay sources
with varying amourts of these dements depending upontheir locdity. A thin sedion analysis
might resolve this problem. The small cluster or sub-cluster at lower right loads heavily onfelsic
elements such as K,O and Rb which are typicd of granites and sedimentary rocks derived from

them and could either represent some form of locd variability or beimports.

| mentioned ealier that | would provide further evidencefor showing the outliersto be diff erent.
Figure4.4.4isaplot of the same number of spedmensincluding thistime sherd hpl bt omitting
the mafic dements MgO, Ni and Cr from the analysis. Note how, with the exception d the
outliers, the large duster seen in figure 4.4.2coll apses into a smaller more mwmpad group.This
provesthe paint abou the mafic dements being alinea additi ve whether artificialy or naturaly.
Refer to figure 2.1 for anill ustration d such alinea trend. Note dso the pasition d hpl.It does
not disappea into the central cluster as the rest of its compostion is clealy different and it
remainsatrueoutlier. In any case, itsvery high Ni (633 ppn) and Cr (1429 ppn) values are far
higher that those foundin basalt or dderite for the aea

There ae still asmall number of spedmens surroundng the main cluster. These ae ather those
sherds at the outer limits of variability or else outliers. | will now test this. Figure 4.4.5is aplot
of thefirst and third axes. Under normal circumstances | do nd take into acourt an axis with
a variability of lessthan 1% but this axis at 9.6% is close enough and can add to the
interpretation. Whil st there is afair amourt of movement on the third axis a number of sherds

nat previously taken into acourt stand ou. These | have arowed and where gplicable labell ed
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them appropriately when their decoration (when known) is of anonlocd style. Thus, of two
arrowed Mapurgubwe sherds which patentially appea to be nonlocd, ore has been decorated
inthe Eiland style. SeeTable 4.4.3for a ompletelist. | have dso ringed cluster A which are four
sherdsloading high onK,O and Rb (Table 4.4.3. Once aain, | must invoke caition. More work

neeals to be dore onlocd clay geochemistry before adefinitive answer can be made.

| will now examine eab siteindividually and dot the sherdsin terms of the nonlocd decorative
style where known (seeTable 4.4.2 but note that not all analysed sherds were decorated. This
will entall unpading figure 4.4.2.1t neals to be borne in mind that ead site forms part of the
large central cluster. The question arises. why not omit the mafic dements atogether? The
answer isthat thiswill result in alossof detail: the diff erent sub-clusters or trends that the sherd
compositions display could refled either the tempering pradices of individual potters or group

of potters or else theindividual clay sources that were being exploited.

Schroda.

Figure 4.4.6 potsthe Schroda sherds together with the figurine fragments. The goparent clusters,
except perhaps for that onthe extreme lower right, are probably part of atrend. Of noteis that
two of the nonlocd styles are definitely outliers whil st the rest are definitely locd.

The figurines are dso o interest. Hanisch and Maumela (2002 had originaly classfied the
figurines into coarse and fine day sizes but this differenceis nat suppated by the data (Table
4.4.1). Although they were nat fired and passbly not made to the same standards as a fired
ceramic, nevertheless their composition daes overlap with the sherds with two passble
exceptions. Firstly, thereis sample SFO9 which can be seen in figure 4.4.2to be an oulier. Ina
previous pulicaion ceding with these figurines (Jacmbson & van der Westhuizen 2002), | had
opted for amore anservative interpretation at that time having no geochemicd data from the
full suite of Limpopo Valley sherds and nd performing a multivariate analysis. Now, | am
prepared to accet its nonlocd status. The Ni and Cr values for this figurine ae far higher than
those for the locd (Tuli) basalts that | have been able to find in the literature (seeTable 4.4.4)
whilst its V content is also enriched relative to basalts and aher sherds from the central cluster.

Adding basalt temper canna enrich alocd clay (assuming it to be similar to the magjority of
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sherds analysed) to these levels as the basalt is nat as enriched in these dements as the figurine.
It is depleted in Cu relative to the basalt data which suggests it may have had a provenance
beyondthe aeaof Karoo Supergroupexposures. | have dso suggested SFO3 as aprovisional
nontlocd figurine. This fragment is enriched in CaO, Sr and TiO but once ajain more locd

geochemicd datais needed to confirm this.

L eokwe Hill

Eight nonlocd styles were part of the suite of sherds analysed. Figure 4.4.7 shows that two
definitive outli ers are present onthefirst two axes of the plot of which oreisinanonlocd style,
Happy Rest, whil st figure 4.4.5shows a potential further two and a posshble Happy Rest sherd

as part of cluster A.

Baobab
Therearesix nonlocd stylesinthisgroupbut al sherds appea to be of locd clays (figure 4.4.8.

K2

There aefive Toutswe style sherdsin this group.Figure 4.4.9is an interesting plot. Similar to
a number of the previous stes, there gpea to be well defined clusters which might be
interpreted aslocd or nonlocd if the site had been analysed in isolation. In perticular, the five
Toutswe-style sherds might tempt one into labelling them as nonlocd. However, when the
complete pictureis e asinfigure 4.4.2 these sherds are smply part of the larger group.Only

one potential nonlocd sherd was identified from axis 3.

Mapungubwe

This site has the highest number of geochemicd nonlocd sherds: six identified from the first
two axes (figure 4.4.10 and afurther two when the third axisis taken into acount. Of these,
threehave nonlocd styles: hp3,the Khami sherd isthe most obvious example with its enriched
Ni and Cr values. Two d the Eiland sherds are dso included. A third Eiland sherd is one of the

two identified from axis three & a patential import.

129



Table 4.4.3.Limpopo \alley. Potential imports reacognised onthe basis of geochemistry.

a. Potential non-local sherds identified
from axes 1 and 2.

LEOKWE HILL
LM233
LM237. Happy Rest

SCHRODA

LM410 Late Matakoma
LM415 Atypicd

SF09

MAPUNGUBWE
H419

H420

hp3 Khami

hpl

LM103 Eiland
mxj1: Eiland

DEN STAAT
SH152

b. Potential non-local sherds identified
from axes 1 and 3.

EDMONDSBURG
LM625 K2

LEOKWE HILL
LM204
LM241

SCHRODA
LM408
SFO3

K2
LM127

MAPUNGUBWE
m206
mxj2: Eiland

c. Potential non-local sherds identified
from sub-cluster A (figure 4.4.5).

DEN STAAT
SH159

SCHRODA
LM423
LM406

LEOKWE HILL
LM236 Happy Rest

Den Staat

No stylisticdly nonlocd sherds were analysed. Only one sherd is plotted as an oulier in figure

4.4.2.

Toutswe and Break Pressure Tank

| now turn to comparisons with sites outside of the Shashe-LimpopoValey. Two Botswana sites
overlapping in age with K2 and Mapurngubwe ae Toutswe (Denbow 1982, 1984, 1986, 1999
and Bre& Pressure Tank (Reid & Segobye 2000. Toutswe is located 200 km to the west of



Table 4.4.4. Chemicd datafor Zimbabwe basalt from Duncan et a. (1984).

Bas28 Bas?29
SO, 49.97 51.79
TiO, 294 3.01

ALO,  14.84 12.77
Fe,0, 14.06 13.47

MnO 0.15 0.17
MgO 463 6.05
CaO 9.20 911
Na,O 276 2.34
K,O 145 1.29
TOTAL 100.00 100.00
Rb 104 27
Sr 721 711
Y 36 38
Zr 321 343
Nb 34 17
Cu 205 149
Ni 75 112
Zn 107 107
Vv 279 257
Cr 98 199
Co 49 55

bas28 SRBF, Tuli
bas29 Basalt, Zimbabwe

Mapurgubwe/K 2, hed its own dstinctive pattery style (Toutswe), and, as the largest site of this
phase, was alocd capital. Bredk Presaure Tank (BPT) isasmall commoner site locaed 29 km
the east of Toutswe andisdated to between AD 1025and 1115andislikely to have been asmall
impermanent site devoted to herding (Reid 1996.

Figures 4.4.12and 4.4.13ll ustrate the first three &es of the analysis. All the LimpopoValley
sherds were used. Note that seven of the Toutswe sherds are quite distinct from the Limpopo
Valley group,show afair degreeof variability forming four clusters although the small sample
size invites caution. The eghth spedmen is stuated onthe edge of the outermost Limpopo

Valley sherds and this could indicae asimilar type day abeit from anywhere.
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The BPT sherds are moreinteresting. The sherds lit upinto five dusters, six if the third axis
isincluded. Even alowing for single sherdsin a “cluster” their compaositi ons are quite divergent.
Either thelocaion d the Site was close to avariety of compositionall y very different clay sources
or elsethe impermanent nature of the site, probably with repeaed occupations, resulted in pdtery

arriving from avariety of destinations.

Note the two ouliers at the extreme left of the plot. Both o these were plotted as sipdementary
points. The lower is Mapurngubwe hpl whilst the upper is a BPT sherd with a Toutswe style
decoration. A seandsherd is closely linked to a Toutswe sherd on bah pots (i.e., axes 1/2 and
1/3). Two sherds form agroupin the upper left whil st threesherds overlap with the Limpopo
Valey sherds, one d the outer edge and two embedded within. On the third axis one of the latter
two dsassciates itself and moves away. The one that is|eft remains embedded and obvously

has a simil ar compaosition.

Figure 4.4.14 un@ads the stylistic details of the BPT sherds plotted against only K2 and
Mapungubwe sherds for clarity. The extreme outliers have dso been omitted. Note that the
embedded sherd has a Mapurgubwe style. Once ajain, ancote of caution: this does nat mean that
it comes from Mapurgubwe itself. Table A4.3.4lists the data for a series of daga and aher
sediments from BPT. Note that there isno red correspondence between these and the data for
the pattery. It must be ac&nowledged that it is problematic to compare sediments with a ceamic
as grain size does influence diemicd composition (Zhang et al. 2002 as well as the potential
effedsonapat of temper, use and dagenesis. Nevertheless if these sediments are typicd of the
locd area these pots might all have been brought in from elsewhere particularly if it was a
temporary herding camp. As Reid (1996 foundlittl e in the way of structures, it may very well

have been amale only camp and pd making may not have been carried ou there.

4.4.6 Conclusions

The LimpopoValley isamajor locaion for the study of econamic ties of the southern African

interior with the Indian Ocean trade. Sourcing everyday utilit arian pdtery can also play apart in

132



defining interior links either resulting from econamic ties or socia and pditi cd relationships.
The presence of nonlocd wares defined either stylisticdly or by provenancing on any of the
stes above neals to be properly interpreted. Obviously no community livesin isolation. Social,
palitica, econamic and legal relationships between communities exist at various levels. The
presence however, of sherdsfrom quite diff erent traditions such as Eiland at Mapurngubwe must

mean that major ethnic interadion was taking place aoosslinguistic boundries.

The work above has produced definite evidencefor the presenceof nonlocd pottery aswell as
the locd manufadure of vessals with nonlocd styles. More work is needed to define day
soucesinthevaley itsdf in arder to assesswhether these sources can be uniquely defined thus
all owing observations on the production d pottery to be made & well as more locdly based
inter-site relationships. This, however can be amammoth undertaking as would be the necessary

charaderisation d clays from further afield.

Of interest isthe identification d one and pasbly two Schrodafigurinesthat are not local. This
could result from initiation a other rituals being held at the caital and drawing peoplein from
surroundng areas. Alternatively, Wood (2002 reports comments by a traditional Lemba doctor
who describes how a married woman will take her clay dall or figurine, receved duing her
initiation, with her to her husband s home. Further work on the figurines will definitely be of

interest particularly when they can be linked to spedfic feaures onthe site.

A further neal isthe analysis of more dewrated pdtery associated with spedfic feaures ona
site. Areimported vessls being foundin public or private spaces, in commoner or the dief’ s
domestic unit? These questions canna be answered as yet. Larger samples are dso needed. A
site such as Mapurgubwe produced tons of pattery. It makes more statisticd senseto analyse a
small carefully chosen and provenanced sample from arestricted areathan a grab sample from

the whole site which iswhat has been dore here.
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Axis 2: 16.4% of total variability
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Axis 1: 49.0% of total variability

O Limpopo Valley: all sherds

Figure 4.4.1.CA plot of the first two axes of the entire data set of sherds from the Limpopo
Valley sites. Note the extreme oditlier to the left of the plot.

134



0.7 —

(o]

~ Outliers

Axis 2: 16.4% of total variability

0
4 o
A& o
Increasing mafic elements
-0.7
-0.7 0 0.7
Axis 1: 49.0% of total variability
O Schroda VvV  Baobab * Mapungubwe
® Figurines O K2 ¥ Edmonsberg
A Leokwe Hill B Den Staat X AD15

Figure 4.4.2.Plot of thefirst two axes of the data set omitting the extreme outlier. The sherds are
plotted acwrding to their site. Outliers are indicaed. The arow paints in the diredion o the
increase in mafic dements. Thislinea trend, which is more pronourced when individual sites

are plotted singly, is smilar to the trend seen in the temper experiment.
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Figure 4.4.4.Plot of thefirst two axes of the analysis omitting the mafic dements MgO, Ni and
Cr. The same outli ers are demarcated as in the previous plot. Note the position d hpl.Whereas
al the other sherds on the mafic trend coll apsed into a single duster, hplremained ou thus

proving that its overal compaositionwas diff erent.
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Figure 4.4.6.Plot of thefirst two axes for the Schroda sherds and figurines. Non-locd styles are
identified where known as are the two figurine outliers. Figurine 03 is only apparent as an oulier

from axisthree & shown in the previous figure.
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Figure 4.4.8.Plot of the first two axes for the Baobab sherds. Non-locd styles are identified

where known.
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145




Axis 3: 9.7% of total variability

-1 0 1
Axis 1: 45.5% of total variability

¢ Limpopo Valley O BPT A Toutswe

Figure 4.4.13.Plot of thefirst and third axes for the cmbined LimpopoValley, Bre&k Presaire
Tank (BPT) and Toutswe sherds.
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4.5 THE SOUTPANSBERG AND RELATED SITES

4.5.1 Archaeological background

Mutokolwe A and B are level 4 Khami period dy-stone walled ruins (Fish 200) in the
Soutpansberg, a180 km long series of east-west oriented mourtain range (Fig. 4.5.1). Thisregion
isinhabited by Vendaspeskers andiswedged between the Shoralinguistic duster in present-day
Zimbabwe and the predominantly Sotho-speking areato the south. The padliticd and social
history of the Vendapeople is complex and can only be understood ty studying the achaeology
of pre-Vendasites sich asthese. Basicdly, bah language and culture is the result of interadion
between Shorma and Sotho communities and which is documented in the evolution d pottery
styles from the region (Loulbser 1991). The detail ed excavations by Fish (Fish 200) and the
quality of its data merits amore detail ed dscusson d its archaeologica badkground.The sites
are doseto ead ather and must have been occupied ore dter the other but which camefirst is

not known at present.

Khami

For decales archaeol ogists and ethnagraphers naticed the simil arity between coursed-wall ruins
in nathern South Africa and Grea Zimbabwe (Fouche 1937 De Vad 1943 Stayt 1968. They
also suggested affiniti es between Venda pottery and adjacent Shona and Sotho pdtery styles
(Schofield 1937, bu, as independent dates were not then avail able, these simil arities were
mostly ignored (Loubser 1991). Sincethe 1950s much work has been undertaken at Zimbabwe
Culture sites, and the alvent of radiocarbon dating has made possble the establi shment of a
detail ed chrondogy. Grea Zimbabwe which hed its fluorescence between abou AD 1290and
1450was the capital of an empire that encompassed most of present-day Zimbabwe & well as
parts of Botswana, nathern South Africa and Mozambique. Numerous snall er regional centres
were built within the empire. Even if these cantres were nat al part of the same ampire, they
were d least all part of the same alture aea(Huffman 199§. Itsecnany was largely based on
trade (Summers 1969.
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By abou AD 1450Grea Zimbabwe had ceased to function as a caital for a variety of reasons
including over-utili zation d natural resources, diminishing trade, as well asinternedne strife.
By the time the Portuguese establi shed trading stations onthe mast in the sixteenth century, it
had been abandored for abou fifty yeas, and there were & least two rival kingdoms: the Mutapa
dynasty (also known as the Monamotapa, or Mwene Mutapa) in the northeast and the Torwa
dynasty in the southwest (Bead 1980 Huffman 1986b.c). The achaeologicd site of Khami,
some 20 km west of Bulawayo in present-day Zimbabwe, can be identified with some cetainty
asthe Torwa caital (Bead 1980. Subsequently thiskingdom had an influenceon developments
in southern Africa due to the southern migration d chiefs in their seach for new sources of

ivory, gold and copper for their trading adiviti es.

Construction at Khami began sometime dter AD 1410and it was abandored at abou AD 1640
(Beat 1980. Khami settlements and itsinfluence extended acosseastern Botswana, Zimbabwe
and northern South Africa (Huffman 198&; van Waaden 1989. Long-distance trade, as
pradised at Grea Zimbabwe, continued at Khami. The Khami periodin Zimbabwe was grife-
fill ed, with many civil wars and migrations (Beat 1980, some of which ended in, o just north
of the aeanow inhabited by the Venda (Loubser 1991). Thus, some of the Zimbabwe Culture
ruinsin present-day Venda date to thistime.

Moloko

Pre-VendaLate Iron Age adivity is aso foundsouth of the Soutpansberg and is assocated with
Sotho spe&ing people who contributed to the beginnings of Venda ehnicity. This period began
with the appeaance of Moloko ceramics at the beginning of the fourteenth century. Moloko
ceramics were made on the southern highveld urtil historic times among various Sotho-Tswana
groups (Maggs 1976 Evers 1984 Mason 1986, and ore of its most recent expressons can be
seen in Pedi ceramics (Collett 1982. Thereisthuslittl e douli that Sotho-Tswana people made

Moloko assemblages and lived in Moloko settlements.

Fourteenth century Moloko assemblages, belonging to the lconfades (Huff man 2000, have been
excavated at a number of sites north and south o the Soutpansberg (Hanisch 1979 Loubser
1991, Fish 1999. Moloko assemblages are generally associated with Central Cattle Pattern
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settlements. The focus of all Sotho-Tswana settlements was a central cattle byre, or series of
byres, and an associated court. Thiswas an areadominated by males, where dedsions were made
on bridewedth and aher significant matters. Important people - usualy males - were dso buied
here. An outer arc of huts and grain hins was associated with women (Evers 1984 Huff man
1986, b, c; Loubser 1991).

Interaction and Venda origins

Khami and Moloko pds have been excavated from the same mntexts in some Soutpansberg sites
(Fish 20021 Loubser 1991). The different traditions, however, were not uniformly represented.
Moloko vessels were more aommon at Central Cattle Pattern settlements on bah sides of the
Soutpansberg, whilst Khami ceramics were predominant at the latest elite Zimbabwe Pattern
settlements in and nath of the Soutpansberg. This refleds interadion between Sotho spekers
and Shora spe&ers.

This interadion led to the gpeaance of a ceamic style that Loubser (1991 cdled
"Tavhatshena', charaderized by Khami (single bands of either chevrons or herringbore) and
Moloko (paralel bands) motifs on the same vessl. This ceamic style is unique to the
Soutpansberg and was in existence by the late AD 1400s and ealy 1500s. By AD 1600it had
evolved into the Letaba ceamic fades, which Venda-speders gill make today. Loubser (1991)
argues that this probably also refleds the energence of a new language, and these two fadors
signal the aedion d Venda ghnicity.

Mutokdwe, then, is a Khami site that would have been invalved in trade relations with the north
and south. Although most of the ceamics at the site ae Khami, there were dso Moloko and
Tavhatshenaexamples. In addition, Fish’ sexcavations (Fish 200) recorded speafic feaures and
structures onthe site aswell astheir associated artefads sich as pattery. By knowing the typicd

layout of asite, these auld be interpreted acording to their functions.
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Figure 4.5.1. Map of Soutpansberg sites.

4.5.2 Geological setting

The Soutpansberg forms threeroughly parallel mourtain ranges runnng some 180 km from east
to west. The southern mourtains where Mutokowe is locaed consists mainly of basalts of the
Sibasa Formation with predominantly sediment formations to the north. Thisis known as the
Soutpansberg Group. Approximately 30-35 km to the north is an east-west trending zone of
Karoo sediments smilarly followed by Karoo vdcanics. A variety of rocks surround these
formations to the north including Archaean granite-gneissand amphibolites. To the south o the
mourtain is an undfferentiated massof gneissc materia with a granitic compaosition. This also
contain rafts of mafic gneissand amphibadlite (Wilson 1989 Jacobson et a. 199)). Of spedfic

interest, hawever, isthe results of a geochemicd soil sampling survey of Venda. Although orly
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eonanicdly important el ements were analysed, anumber of these provide enough information
to asgst in the evaluation d the ceamic data (Wilson 1989. These dementsinclude Cu, Cr, Nb
and Zr.

One problem relating to the geology of the aea oncansthe eat-west strike of the Soutpansberg
and Karoo Formations. This results in the geochemica discontinuiti es between the diff erent
formations close to Mutokadwe following a north-south dredion. This has implications for
provenancing in that clays foll owing the strike ather to the eat or west of the same formations

could likely to be similar to ead ather.

Of the other sites, Matshavha is asociated with granite terrain, Manavhela with amphibdlite,
PrincessHill and Verulam with sandstone and Dzata with gneisses. These diverse badkgrounds

shoud serve to dff erentiate them from Mutokdwe.

45.3 Previous work and current aims

A previous projed on Soutpansberg ceramics (using PIXE) had establi shed that a small number
of vessls had moved from south of the mourtain to the north bu, more significantly, three
vesElsfoundinthe north of northern style (Khami, Mapungubwe) werein fad made in the south
(Jacobsonet a. 1991 Peisach et a. 19911). In addition, two spedmens foundand made in the
south imitated nathern wares (Jambsonet al. 1991 Table 3). These results not only suggest that
women caried their styli stic templates with them to the north, the most preferred dredion o
marriage dli ances (Van Warmelo & Phoph 1967, bu that the south emulated nathern padtery
styles either as a matter of prestige or by virtue of their pdliticd links. These models are
summarized in Peisach et al. (1991 Table 2). Parts of this work were pulished previously
(Jacobsonet a. 20024.

The basic reseach guestion peed was to determine which sherds were locd and which were
imported. The dhemistry of any imported sherds would also provide evidence of the diredion
from which the sherds may have travelled and whether they may have followed ather trade
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networks. For example, metals would have moved nathwards from the Soutpansberg. Some
metals such as copper may also have originated some 300 km to the south east and passed
through the aeaon their way northwards. Cotton was most likely imported from the north as
were glassbeads (Loubser 1997).

As single Tavhatshena and Moloko sherds were dso available for analysis, their chemicd
relationship to the Khami sherds was also important. As this was a Khami site, evidencethat the
Moloko sherd was locdly made would reinforce éhnographic and historicd reseach that Sotho
women married into the Khami ruling classbut continued making their own pdtery at their new

residence

Finally, a number of sherds were provenanced to spedfic adivity areas at Mutokolwe B. The
question of interest here is whether there was any spatial pattern to the distribution o

recognizable nonlocd wares.

4.5.4 The samples

Twenty seven pdsherds and six spindle whorls from Mutokowe B were analysed. In addition,
one dugdicae spinde whorl and five dugi cate potsherd samples were dso analyzed to control
for compositional variability. These were fragments of larger pieces and were chasen from a

number of adivity areas. Five sherds from Mutokolwe A were dso analysed (Table A4.5.7).

In addition, datafrom afurther thirty four sherds (Tables A4.5.2and A4.5.3 from five other sites
were used in the statisticd analysisin order to pu Mutokdwe into a more regional geochemicd
context. These ae Matshavha, Manavhela, Dzata, PrincessHill and Verulam (Loubser 19917).
The locaion d these sites, some of them of diff erent ages and representing different ceramic
phases, are shown in figure 4.5.1.Their interest resides, for the purpose of thisthesis, solely in
their comparative chemicd profiles and no atailed interpretation o their results will be
uncertaken here. Princess Hill and Verulam, bath Mapungubwe sites, will also be compared to
the datafrom the LimpopoValley in view of their stylistic relationship.
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The quality rating of the Mutokolwe sherdsis high, Q6-7 whil st the other sherdsis Q4-5.

455 Results

One sample, FW55, from Mutokolwe was omitted from the analysis. This was a spinde whorl
that was highly enriched in CaO, some 9.13% (when namalised to 10®6 with vdatiles
removed). Consequently, this sample would show up as an extreme outlier in the CA plot. This
enrichment makes geochemicd senseif thewhorl originated in the vicinity of cac-sili caes well
to the north (Jambson et a. 199)).

Figure 4.5.2showsthefirst two axes of the arrespondence analysis whist figure 4.5.3showsthe
influenceof thethird axis. For the first two axes, the major compaositional trend influencing the
clustering of the sherdsisthe mafic dements pulli ng to the left, Cu to the top d the plot and K,0O
and Rb, thefelsic dementstypicd of granites, towards the bottom right. Figure 4.5.4ill ustrates

thisclealy.

Mutokdwe samples cluster in threegroups with a number of individual outliers. These dusters
are quite distinct from the other samples. The PrincessHill sherds cluster together with the three
spedmens from Verulam inthe cantre of the plot with the exception d two otliers one of which
(pm115) overlaps with the Mutokolwe sherds. This derd is diff erentiated from other Princess
Hill sherds by its enriched Cu. The secondsherd (pm167) is charaderised by depleted MgO but
more espedaly CaO. Whereas all the other sherds measure dove 2% Ca0, this one has a
content of only 0.53%. When thethird axisis considered (figure 4.5.3, the PrincessHill group
separates out with the exception d thesetwo ouliers. Figure4.5.5 eemonstrates thisnicdy. Once

again, this does not mean that pm115was made & Mutokolwe, rather it was made of asimilar

clay.

The sherds from the other threesites show mixed results. The four Matshava sherds $ow agrea
ded of variability. It is stuated at the foot of a granite hill but surprisingly, however, only a
single Matshavha sherd is granite-like (i.e., low mafic values but high K,O and Rb). Manavhela
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isfourd onan amphibdlite outcrop (Loubser 1991) and the sherds have amafic compaositional

profile which ore would exped from its locdlity.

Dzatais stuated just to the south of Mutokolwe yet its four sherds are dso qute diverse in
composition. The samples from the @owve three sites are, however, too few for any definite

conclusions to be offered.

Figure 4.5.6is areplot of figure 4.5.2 b with oy the Mutokowe sherds and spindle whorls
plotted acrding to their locaion within the site or by stylistic type. A single sherd, FW28 from
the coking hut, was aso aomitted as it |oads extremely highly on MgO, Ni and Cr; it plotted on
the extreme left in Figure 4.5.2.1t stands out by itself but its origin is difficult to dedded onat
present althouwgh it may originate from ultramafic rocks 30-50 km to the south or, perhaps, ore

can speaulate for an arigin in the Bushveld Igneous Complex even further to the south.

The rest of the pottery and spinde whorls cluster into threegroups with a number of outliers.
Either these represent vessels made from locd, highly variable days or some aeimports. Cluster
| loads high onCu and probably represents pottery made in the vicinity of the site. The Sibasa
Formation kesdlts of the aea ae reported by Wilson (1989 to have higher Cu values that other
soilsintheregion. Included in this cluster is sample FW06, alarge Khami style water pot. The
size of this vessl makes it unlikely that it was imported from any distance Under these
circumstances, these sherds must represent locdly made pats. This cluster has examples from
all feaures except the messenger’s hut and also excludes the Tavatshena sherd. Note also that

the Moloko sherd fits this cluster and was therefore made locdly.

Cluster 1l to the mid right tends to load onNb and Zr with lower Cu (seeFigure 4.5.4. Wilson
(198987) reportsthat the former two elements are comparatively enriched and the latter depleted
in Karoo soil s compared to Soutpansberg soil s. It is therefore likely that this cluster represents
pats made from Karoo clays ssme 30-40 km to the north. The dominant samples here ae thase
from the messenger’ s hut althowgh there ae representative samples from other fegures. Note that
the plot of the samples from the messenger’s hut overlaps with and olscures the symbal for a

Khami sherd. The two spedmens located ouside this cluster, the spinde whorl (FW47) and the
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Khami pot from the aooking hut (FW03), do nd form part of this groupas they split off from it
when axis 3istaken into acourt (Figure4.5.9. They adualy load high on bdh K,O/Rb and Cu
and therefore ae intermediate between clusters | and Ill.. It is posgble that these two samples
either represent a mixed clay (whether natural or artificial) or else come from the Gumbu
Formation areato the north of the Karoo sediments and vdcanics. This areato the south of the

LimpopoRiver contains high Cu values as well as granite intrusives.

Cluster Ill contains five samples with some variability mainly relating to Na,O. All samples|oad
high on K,O and Rb and this indicaes a provenancein the graniti c gneisses me 30 km to the
south. | have labell ed this as a duster in spite of the variability as the samples move upwards
together onthe third axis following the K,O, Rb and Na,O (Figure 4.5.7).

Of the secondoutlier with avery high Cr (sherd FW43 from Mutokowe A), itslikely originis
the ultramafic rocks ssme 30-50 km to the south. The Tavatshena sherd canna be assgned a
source area ecept to say that the relatively high K,O, Rb and Ni values and low CaO does
suggest a southerly origin.

As Princess Hill and Verulam are stylisticdly linked to Mapungubwe | compared the data
between them and the LimpopoValey group.Figure 4.5.8isaplot of the first two axes iowing
asomewhat tantalising overlap between a number of PrincessHill sherds and the fringes of the
main LimpopoValley cluster. Of spedal interest isasingle PrincessHill sherd embedded in the
centre of the duster. In order to clarify the this, | re-plotted the figure using only the
Mapurgubwe data (figure 4.5.9. It can be seen that the outlier (pm116) isfirmly associated with
the Mapurgubwe group. If the third axisistaken into aceourt (figure 4.5.10Q it will be seento
retain this asociation. | once aain make no clam to this $erd coming from Mapurgubwe itself
or even from the Limpopoareabut rather that it was made from avery similar clay to thosein
the LimpopoValley. The reason for this cautionis smple. There ae Karoo rocks north of the
Soutpansberg and at present | have no information about the geochemistry of these rocks and

whether they can be differentiated from thaose of the LimpopoValley.
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45.6 Discussion and Conclusions

If Cluster | isaccepted as representative of locdly made sherds and the others asimports, then,
even though only a small number of samples were analyzed, realy half of the sherds from
Mutokowe A and B originate dsewhere. This confirms the high degree of socio-ecmnamic
interadion with outlying communiti es which was known from other sources. The other sites,
athough sample sizes are redly minimal, display the same pattern. However, the PrincessHill
sherd which fell into Cluster | shoud na be regarded as originating at Mutokolwe B itself:
rather, until more is known of the diemicd profil es of other clays derived from the Simbasa

Formation, it shoud simply be provenanced to this general area

A diff erentiation must be made between imported pdtery (, pdtery made dsewhere and found
onthe site) and imported decorative motifs on pds made locdly. Imported pdtery is unlikely to
have resulted from the marketing of such wares as no markets are known. Pottery production
took dacein the househdd. It istherefore likely that such wares refled pats that may have been
food containers used by individuals visiting for a variety of reasons, including attending the
chief’ s court, paying tribute or brought in as utilit arian items by traders or even by families
resettling at the site. In this regard, the fad that two spinde whorls were dso imports is of
interest and could refled the latter.

Locdly made pats with external decorative styles sich as the Moloko sherd suggest marriage
alli ances or the settlement of outsiders who continued with their own stylistic traditi ons athough
onasmaller scde. In the former case, Sotho women marrying into alocd Shona family may
have continued making a limited number of typicad Sotho (i.e. Moloko) vessels for their own
private use. Alternatively, Sotho speeking outsiders who settled at Mutokowe may have adopted
thelocd Khami styles whil st retaining afew personal potsin the Moloko tradition. It is known
historicaly that peoplein theregion have dhanged their ethnic dfili ationin order to identify with

adominant groupfor econamic advantages (Loubser 1991).

The spatia provenanceof theimported vesslsis aso interesting although samples are small and

present problems of interpretation. The imported sherds are distributed in low numbers among
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al the other adivity aress whichisto be expeded. The messenger’s hut, however, had nolocdly
made sherds which could refled tribute or gifts brought to the dhief from outside.

The Soutpansberg is apowerful laboratory for testing models of exchange patterns (e.g., Peisach
1991 Table 3): areasonably differentiated geology with a detail ed geochemicd soil survey;
archaeologicd sites from a range of hierarchies and cultures, oral histories and aher written
records. Future provenance work shoud also concentrate on sites from different settlement
hierarchies. At the moment there is no evidence that pats were adively traded into the site;
rather, they probably arrived in association with the trade in ather materials (e.g. as containers).
If that isthe case, larger sites shoud show agreder variety of sources, and from further afield,
than small er sites lower onthe hierarchicd scade. More informationis gill needed, aswell, on
the chemicd composition d the daysin particular to dotain more likely sources for the outliers
in Figure 4.5.2. The main problem with this propacsal isthe size of the aeawhich neelsto be
sampled. The dternative, or rather, a program which can be caried ou simultaneoudly isto take
apoattery sample from siteswithin aradius of 100 km aroundMutokdwein order to assesstheir

variability and their compositional overlap, if any, with Mutokolwe.
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4.6 LYDENBURG AND OTHER SITES

4.6.1 Archaeological Background

The areaformerly known asthe Eastern Transvaal is particularly rich in Iron Age remains dating
from amongst the earliest known sites at about the 3 Century AD until the contact period (van
der Merwe & Scully 1971; Evers& Van den Berg 1974; Klapwijk 1974; Evers 1975, 1980, 1981,
19823, b, 1988; Evers & Vogel 1980; Voigt 1982; Klapwijk & Huffman 1996; Whitelaw 1996).
In addition, it is aso the location of the famous Lydenburg Heads (Inskeep & Maggs 1975),
ceramic masks that were probably used in ritual ceremonies. Mining of iron and copper was
carried out (Evers 1974, Evers & Van den Berg 1974; Van der Merwe & Killick 1979; Gordon
& van der Merwe 1984; Klapwijk 19864, b) as was the recovery of salt at a number of naturally
occurring hot brines (Kent 1942; Evers 1979, 1981): all these economic activities formed an

important part of the extensive trade links which developed in the region (De Vaal 1984, 1985).

4.6.2 Geological setting

| have little information on the specific geology with which the sites and hence their clay sources
may be associated. In genera, though, the Lydenburg sites are situated on rocks of the Transvaal
Supergroup, mainly shales and volcanic rocks (Haughton 1969). The Eiland Salt Works is
Situated on granite/gneisses (Kent 1942) asisthe Silver Leaves and Phalaborwa sites whilst the
Mokopane (previously named Potgietersrus) sites are either on the Bushveld Igneous Complex
or the Transvaal Supergroup (Haughton, 1969). These different substrates will all effect the
chemistry of any claysin very different ways. Certain areas of the Bushveld Igneous Complex
are highly enriched in V and Cr which are currently mined whilst other areas have elevated Cu

levels. All these should serve to make for geochemically distinctive clays.
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Figure 4.6.1. Location of sites mentioned in text.
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4.6.3 Previous work and current aims

There has been no previous provenancing of pottery in this eastern part of the country. Van der
Merwe & Killick (1979) had carried out an experiment to source iron ore found on smelting sites

in the Phalaborwa area but no other work has taken place.

Although evidence for trade in the region has been documented (Evers 1974; De Vaa 1984,
1985), none of the sherds analysed shows a non-local style at any site. The emphasis in this
section will be on exploring the potential for provenancing rather than addressing any specific
archaeological question. It will be of interest, however, to see whether the composition of the
pottery from the Lydenburg sites, which are Early Iron Age, shows a greater or lesser variability
than Later Iron Age sites already investigated above, depending upon local clay source variability

of course.

Eiland Sat Works situated in the Hans Merensky Reserve is a special case. The evidence at the
siteindicates along occupation, since the Matola Phase (4™ century AD) until recent times (Evers
1981). Whether people were permanently settled there or whether it was only occupied for the
business of salt making is not known but probably the latter. This raises the question of whether
people made their pottery elsewhere and brought it to the site or made it locally. This
investigation then is purely exploratory.

4.6.4 The samples

This study was carried out principally on arange of sherds excavated from sitesin the vicinity
of Lydenburg as well as smaller collections of sherds from further afield for comparative
purposes (figure 4.6.1). These include a number from the Eiland Salt Works, and afew sherds
each from sitesin the region of Mokopane (not shown on the map: collection of sherds was made
about 80 years ago), Tzaneen (Silver Leaves), Phalaborwa and Nelspruit. These last three sites
contributed only a couple or three sherds each. All the aforementioned were probably surface
collections. In addition, the data for thirteen sherds from the three Venda sites of Dzata,

Manavhela and Matshavhawere also used in the statistical anaysis. Apart from the sherds from
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Eiland, all the others were plain sherds. Full details of the sherds and the sites will be found in
TablesA4.6.1t0 A4.6.4. The Eiland Salt Works sherds come from three different phases (as well

as some plain sherds). These appear to come from the salt workings and not any domestic areas.

In terms of the potentia interpretive quality of the samples, they fall into a Q4/5 rating for
Lydenburg, Eiland and Silver Leaves but only Q2 for the others. No sediments or clays were

available for analysis.

4.6.5 Statistical analysis

Two of the Mokopane (previously named M okopane) sherds were omitted from the analysis: one
because of insufficient data and the second, vm13, because of highly enriched CaO and Sr values
which made it aremote outlier. All the dataislisted in Tables A4.6.1 to 4.

Figure 4.6.1 plots al the data on the first two axes whilst figure 4.6.2 brings the third axis into
account. The Lydenburg sherds are distributed a ong a continuum from the lower |eft of the plot
towards the upper centre. Based upon the element loadings in figures 4.6.7 and 4.6.8 their
composition varies from a high loading on the mafic elements to one with high metals such as
Cu, V, Zn. The Mokopane sherds, on the other hand, occupy a continuum from the felsic
elements (K,O and Rb which areindicative of granites or sedimentary rocks derived from them)
at lower right to a similar loading on the same metals. The Mokopane cluster at lower right
follows its relationship with K,O and Rb and separates from the Salt Works sherds when the
third axisistaken into consideration. This cluster consists of the Holmsleigh and M ozoto sherds
(seefigures 4.6.9 and 4.6.10) which obviously must come from a different substrate to the other
Mokopane sherds. The single Matshavha sherd follows them closely which indicates its own

granitic background.
The Lydenburg sherds are unpacked in figures 4.6.3 and 4.6.4. Klipspruit is the most variable

with the two sherds at extreme left being highly enriched in Cr (SL154 and SL 155 containing
2749 and 3091 ppm respectively). Severa other values both from this site and the Lydenburg
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Heads site have levels of Cr exceeding 1000 ppm but this is not surprising given the basic
geology of the region. There are too few Klipspruit sherds to indicate whether these are sub
clusters or are part of a continuum from the mafic elements to the metals at the centre of the plot.
The Lydenburg Heads sherds follow a similar pattern as does the few Doornkop sherds.
Langdraai and Klingbeil lack this dominant Cr component athough values do not fall below

300 ppm.

The Salt Works sherds show a broader range of variability (figures 4.6.5 and 4.6.6). Although
Situated in a gneissic granite environment there are outcrops of dolerite and especially
amphibolite which could account for the high mafic content of the two sherds to the left of the
plot (Kent 1942). The centra cluster which moves down relative to the other sherds on the third
axis reflects an enriched CaO content. Overall, however, the total pattern of variability could

simply reflect the local clays.

The other sherds hold no surprises. The Venda sherds have already shown their high variability
whilst the Phalaborwa and Nelspruit sherds reflect their own granitic backgrounds although they

are quite different from each other.

Onefina point concernsthe PO, levelsin the sherds from the Lydenburg area. They are highly
enriched having a mean (normalised to 100% volatile free) of 1.05% compared to the average
for the Salt Works sherds of 0.08%, Mokopane sherds of 0.58% and for all Iron Age sherds of
0.42% (Table 2.8). Whether thisisaresult of diagenesis, local clays that are naturally enriched
or result from the manufacturing process (i.e., addition of temper) is of interest but cannot be

determined at present.

4.6.6 Conclusions

None of the analyses carried out above shows any definitive evidence for the movement of

pottery although a marked degree of variability is present. This, however, could result from
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Figure 4.6.2. Plot of the full data set for the first two axes.

variability in local clays. What is of particular interest is the pattern exhibited by the Lydenburg
sites. Langdraai and Klipspruit, which are quite close to each other show quite different
compositional patternswhereas Klingbeil and Langdraai are more similar in spite of being further
apart, allowing for the small sample size of course. Overall, it does show that for this broad
region it will be possible to differentiate sherds geochemically. The boundaries between these

geochemical reference areas still need to be determined though.
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4.7 NORTHERN CAPE AND THE TYPE R SITES

4.7.1 Archaeological Background

Along the lower reates of the Riet River for some 130 kn are extensive remains of settlements
built of stonewalli ng. Associated with them are numerous graves often containing grave goods
such as copper eaings, glassbeads and marine shell. These settlements are charaderised by a
consistent pattern, viz, alarge stone wall ed enclosure aoundwhich are small er enclosures me
linked by seacondary walli ng. The former were probably large stock enclosures whil e the latter
could have been used either for domestic adivities or as snall stock pens. Other remains are
store atefads, patery, metal andfaunal remains. These distinctive sites and pdtery are referred
to as Type R. It would appea that they flourished for some threehunded yeas from the 16th
century, or dlightly ealier, until the ealy 19th century. The inhabitants were suppasedly
Bushmen hunter-gathererswho oliained stock and flourished in the aeauntil ealy 19th century
catle raiding and aher social upheavals impoverished and scatered them (Humphreys 197Q
1973 Humphreys & Maggs 1970 Maggs 1971, 1974

In addition, the Type R sites are surrounced by other archaeologicd remains representative of
Khoisan herder and hurer-gatherers the latter often referred to as Ceramic Later Stone Age
(Rudrer, 1. 1953 Thaderay et al. 1983 Beaumont & Vogel 1984 Beaumont & Morris 199Q
Morris & Beaumont 1991 Beaumont et al. 1995 Smith, A.B. 1995, b; Rudrer, J. n.d).

4.7.2 Geological setting

The areain which the Type R settlements are foundis compaosed of sediments of the Karoo
Supergroupspedficdly Dwykatillit es. To the south and east are Ecca and Beaufort shales and
sandstones. To the north are andesiti c lavas of the Ventersdorp Supergroupwhil e to the west are

various metamorphic, rocks, ddomites, banded ironstones and vdcanics of the Griqualand and
Olifantshoek sequences and the Zoetli ef group (Haughton 1969 Jacobson et a. 2002). This
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Figure 4.7 1.Map showing location d sites mentioned in text.

diverse badkgroundshoud combine to make for distinctive day sources.

4.7.3 Previous work and current aims
A previous gudy by PIXE anaysisfoundthat oneout of three aaysed decorated sherds found

inthe Riet River areawas an import (Jacobson et a. 1994). As decorated vessls are dypicd,
the fad that they were bath imported and made locdly abeit onasmall scdeis of some interest
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as there had been much speaulation as to where the Type R communities had oltained their
livestock. This gudy was undertaken in order to extend the previous work and was run ona
different set of sherds.

The current aim for the small suite of samplesis smply whether the sites they come from can
be geochemicadly diff erentiated. Oncethe presenceof provenanced sherdsis reliably establi shed,
this will give an indicaion d the diredion d any trade or exchange relationships which the
ealier PIXE study could na conclusively answer. Future reseach can then debate the question
of where they obtained their livestock - north from Iron Age farmers or elsewhere from Khoi
pastorali sts? An ealier version d thiswork has already been published (Jacobson et a. 2003).

4.7.4 The samples

Forty three samples from a range of sites were analysed. These included hurter-gatherer,
pastorali s, Iron Age and Type R from avariety of geologicd substrates. The samples have been
grouped acmrding to the broader geologicd setting uponwhich they were foundin arder to
develop aregional compositional signature. A magjor problem in achieving this could be the small
number of samples as well as the diversity of the region. The samples and their geologicd
substrate ae set out in table 4.7.1.

A number of sediments associated with a number of the sites were dso analysed in order to
provide badkgroundgeochemistry to which the sherds could be related. None were days which
isproblematicd asgrain size plays arolein determining the mncentrations of many tracesin a
sediment (Zhang et al. 2002. The datais presented in table A4.7.2. Thisdatais problematicd
and it does not aways relate to the chemistry of the sherds. For example, the data for the
Nokanna sherd is quite & odds with the data for a sediment sampled nea the site. It does

demonstrate that caution is necessary when coll eding non-clay sediments.
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Table4.7.1.List of sitesfrom which sherds were obtained and the relevant geological substrate.

Nokanna Olifantshoek Sequence
Kinderdam Ventersdorp Supergroup andesite
Tlhame Griqualand Sequence

Loch View Karoo Supergroup: Ecca
Luka Jantjie Stad Olifantshoek Sequence
Rooikop Karoo Supergroup: Beaufort
Doornlaagte Karoo Supergroup: Dwyka
Driekopseiland Karoo Supergrouwyka
Ramah Karoo SupergrougEcca
Moirdale Karoo Supergrouwyka
Klipfontein Karoo Supergrouwyka
Witsand Olifantshoek Sequence
Meidekop Olifantshoek Sequence
Kathu Nature Reserve Griqualand Sequence
Dithakong ?Volcanic

Omdraa Griqualand Sequence

4.7.5 Statistical analysis

In addition to the forty three samples, seven inland Khoisan sherds previously dedt with in
chapter 4.2 (threefrom Gordona and four from the Karoo) were dso used in the statisticd
analysis. These aelabelled “ Gordona” and “ Other Karod” in figures4.7.2and 4.7.3the plots
of the first two andfirst and third axes of the statisticd analysis. Twelve sherds were analysed
assupdementary points. These were AK51 (Kinderdam: highly enriched in Cr), AK54-56 (Luka
Jantjie: AK54 enriched in Fe,O,, AK55-56 depleted in K,0), A29 (Dithakong: highly enriched
in Cr), A8 (Klipfontein: enriched in Fe,O;), A10 (Klipfontein: enriched in Mn) aswell asthe four
“Other Karog” (2 x Carnavon, Beaufort West and Victoria West).

186

Document Produced by deskPDF Unregistered :: http://www.docudesk.com



The analysis shows adefinite dustering of the sherds. | have delineaed the threemain clusters
with elli pses. These have no statisticd meaning, merely serving to emphasis them for the purpose
of discusson. Cluster A covers al the Karoo sherds. It overlaps with the ‘Gordona sherds
(Cluster C). The problem isthat the exad locaion from whencethese sherds were mlleded is
nat known. They may very well come from aKaroo substrate. Thereis also an apparent overlap
with three other sherds. The Griqualand Sequence sherd is from Kathu whilst the two
Olifantshoek sherds are A54, Luka Jantji e (the upper) and AK50, Nokanna (the lower). On the
third axis (figure 4.7.3, these threedefinitely pull away from cluster A. They might, therefore,
be an extension d Cluster B dthough | did na include them in the dli pse. The other outliers
represent AK52, Tlhame and the other supdementary points li sted above.

4.7.6 Conclusions

In my previous pulicdion d this data (Jacobson et al. 2002) | had interpreted the Nokanna
sherd asan import from the Type R area | am not so sure of this now and would prefer amore
conservative interpretation urtil further samples can be analysed. Whether the variability of the
Luka Jantjie sherds are arefledion d locd clay variability or refled some, at least, nontlocd
sherds will need to await further research. Certainly, as a mid-19" century site which was
probably invalved in the Tswana resistance to colonialism, there may have been a substantial

movement of peoplein and ou of the site together with their belongings (Snyman 1993.

To conclude, it islikely that clusters A and B define regional compositional profil es but further

work will be neaded to confirm this.
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Figure4.7.2.Plot of thefirst two axes for the Northern Cape sherds. Note that the dli pses have
no statisticd function bu serve merely to delineae goparent groups more dealy.
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CHAPTER 5 CONCLUSIONS

There can be no doul that provenancing pottery can make asubstantial contribution to the
archaeologicd interpretation and reconstruction d the past. Although a number of the cae
studies presented contribute more tedhnicd information than archaeologicd interpretation, they
indicae the patentia for future reseach. There ae, hovever, anumber of isaues that neal to be

dedt with. 1 list thesein no @rticular order below.

5.1 THE CASE STUDIES

The cae studies presented above ae arather mixed bag in terms of results but they have dealy
demonstrated that geochemicdly nonlocd sherds can be identified. The best case study, of
coursg, isthat of Mutokawe. It isthe best not simply because of analyticd predsion a any other
technicd asped (which are dways good) but because the achaeology isgood.A well dated, well
excavated site where the pottery can be locdly provenanced to spedfic fedures on site, the
provison d sherdswhich can be atributed to spedfic phases or fades of the Iron Age sequence
all make for aresult which can make an important and relevant contribution. Next would be the
LimpopoValley siteswhich ded with acriticdly important periodin the achaeologicd past. The
only flaw inthis gudy isthelad of feaure provenanced sherds rather than arandam seledion.
Thereisno pant, hovever, in compiling a score cad. The paint | wish to make isthat when |
started this projed, | had to take what was avail able for analysis. | think that subjed to the
recommendations below, the analyst can nav show that there is aplacefor provenance studies
in pottery and that a properly integrated study is the best way to go. This does not mean that
reseach into museum colledions is of no wse. They can provide comparative data but more
samples neel to be analysed than just the handful used urtil now.
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5.2 RECOMMENDATIONS

5.2.1 What elements to use?

A question often head at archaeometry conferences revolves aroundthe isaue of which elements
one shoud be anadysing. There aetwo isaJes here. One ncerns diagenesis and aher forms of
contamination which can occur to a sherd. This has been dedt with in chapter 2. The second
issue oncens which elements are likely to be the most useful in dscriminating between several
different clay sources. Thisis more difficult to answer. The obvious oneis“usethemal”. The
red answer isthat it all depends uponthe anayticd method. Some methods provide agreaer
predsion for certain elements than ather methods. Again, isit redly necessary to analyse for
everything when anumber of elements are strongly correlated with ead ather such as K,O/Rb
and CaO/Sr? Table 5.1 presents simmary statistics for the entire data set used in thisthesis as
well as other relevant datafor Southern African pdtery. The wefficient of variation (CV) values
for these dementsis most interesting. The least variable dement is SIO, with aCV of 8%. There
does nat seam to be much pant in analysing for this element asits variability is  low. Al,O,

isaso low at 18%. These figures are probably related to the nature of a day’ s compaosition.

The most variable dements Cr and Ni with a CV of 124% and 126 respedively. P,O; was
omitted from thistable asit isrelated to dagenesis (seeChapter 2: table 2.9). It would seem that
all the other elements used in this gudy contribute something to defining a cmpasitional profile.

With regards the close wrrelation between certain elements, the @solute values are important
not just theratios. Figure 5.1ill ustrates this for CaO/Sr and K,O/RDb. It istherefore not pradicd

to amit one of the pair.
It would seam that the more dements measured, the more predse the provenanceis likely to be.
It would certainly be of interest to include rare eaths and perhaps even isotopes to charaderise

claysasthiswould give anindicaion d their source Thisis particularly relevant when working

with the otherwise very similar Khoisan coastal or inland pdtery.
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Figure 5.1.Biplots of K,O and Rb (above) and CaO and Sr (below).
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Table 5.1. Summary statistics for the complete data set. This includes data from analyses not
used in thisthesis as well as from other relevant pulications. Only pottery data from southern
Africa(e.g. South Africa Namibia, Zimbabwe, Lesotho and Botswana) was used. All data was
first normalised to 100, vdatile and P,O; free

SO, TiO, AlLO, FeO, MnO MgO CaO NaO K,0
n 1287 1287 1287 1287 1287 1287 1287 1287 1287
Min 4414 013 3.75 151 0.00 0.03 0.09 0.00 0.22
Max  90.24 543 3587 33.69 1.00 19.53 23.90 5.17 7.02
Mean 67.88 093 16.38 7.10 0.08 168 222 1.17 2.56
SD 559 0.47 3.01 278 007 1.44 175 0.72 1.18
CV% 8 51 18 39 88 8 79 62 46

Rb Sr Y Zr Nb Cu Ni Zn \Y Cr Co
n 1287 1287 1287 1287 1287 1287 1287 1287 1287 1287 1287
Min 3 3 0 11 0 0 5 1 12 0 1
Max 483 959 608 1426 221 231 1200 276 2503 3091 348
Mean 99.9 2159 27.7 251.0 146 349 70.8 59.9 1379 215.0 24.8
SD 62.8 1404 26.4 118.8 15.1 28.8 89.7 32.2 101.3 265.6 23.6
CV% 63 65 95 47 103 82 127 54 74 124 95

5.2.2 The role of clays in provenance studies

A frequent criticism at conferences is that no clays were analysed together with sherds from a
gte. It isfelt that an uncerstanding of these is criticd in the provenance process Few clays were
anaysed by myself in the case studies although sediments were wlleded in anumber of cases.
Clays are important. The variability of individual clay bodes as well as between clays in the
vicinity of asiteisimportant in understanding the meaning of variability in pdtery geochemistry.

However, it can be ahuge task to prosped for clays espedally to oltain completion so thereis
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no easy answer to this problem. Sediments are dso na the complete aswer as they are too
coarse (Zhang et a. 2009. Again, athough | demonstrated a dose fit between the days and
pattery of Mrs Mokoenathese were fresh pds, they had nad been used o discarded. Whether one
can show adired link between a day and a used and buied sherd needs investigating under
South African condtions. Many Iron Age sherds are buried in ashy middens and the dfeds of
these @ndtions needsto be investigated.

Asalast resort, ore can aso use aknowledge of locd geology to infer what to exped in the way
of a compositiona profile. You would na exped high Cr values in the western Cape, for
example. It is also a matter of common sense. If one has a grea ded of variability in the
geochemistry of potsherds from one site, the question must be asked as to haw varied can the
locd clay sources be. Some of this variability must come from nontlocd pottery. Of course, it

isalso better to err onthe mnservative side rather than make inflated claims abou trade.

5.2.3 Use of a reference material

It isrecmmended that all | aboratories carying out provenance studies use a ©mmon Reference
Material (preferably SARM 69) against which to cdibrate data so that results from diff erent
laboratories can be used interchangeebly. Thisis particularly important when dff erent analytical
methods are used. Thiswill also enable adatabase South African wide databaseto be establi shed.

Duplicae spedmens and left over samples shoud also be aurated for future re-examination.
5.2.4 Sampling methodologies

Thisis one of the qucia areas. | have drealy discussed thisin some detail in chapter 3. It is
apparent from the cae studies that it is more relevant to doan intensive study on ore site that
run afew samples from anumber of sSites. It isimportant to pick upthe total range of variability

present particularly if nonlocd sherds are likely to have alow frequency representation. This

cannd be deteded from avisual analysis of asherd whether decorated or nat. It isalso preferable
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to analyse sherds that come from caefully excavated sites 9 as to maximise the interpretive

value of the geochemicd data.

5.2.5 Ethno-archaeological research

There are till afew individualsin rural aress who are making pottery the traditional way. It is
important to cary out detailed studies on their techniques before the knowledge is lost.
Understanding clay choices and preparation, tempering, use and dscard are important to a better
understanding of the achaeologicd data. It would also be useful to conduct a provenance study
on pds and clays where the sources and uses are known and to then work backwardsin timein

the same aeato measure whether there were ay changesin clay utili sation ower time.

5.2.6 Integration of compositional analysis in archaeology

Thereisastrong need for archaeplogiststo be avare of the patential of provenancing and aher
studies and for them to integrate thisinto their reseach programs particularly when they arein
the field. They can assst by consulting loca communities or individuals where possble @ou
pat making traditions, colleding vessels and sherds in current use & well astaking aseledion
of clay samplesfrom the vicinity of their sites (even if chasen ongeologicd grounds only). These
can then be aurated together with the excavated site materials until needed.

5.2.7 Choiceof techniques

This gudy was caried out by XRF. It isaredlily avail able technique that delivers predsion cata
and hes awell establi shed methoddogy. Other methods are equally acceptable. The microprobe
is problematicd when what is needed are data from a bulk sample & has been demonstrated

abowe. It isuseful, howvever, for spedfic problems relating to contamination and dagenesis and

for investigating the composition d spedfic grainsin a day matrix (e.g., temper) andin this
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manner can play auseful rolein provenancing a sherd. Thin sedion analysisis also avauable
tod that can play a greaer role in identifying minerals, rock fragments and aher inclusions

which could prove to be aprovenance ad.

5.2.8 Defining “non-local”

What still needsto be unequivocdly defined is the meaning of “nontlocd” or “imported” or
even “locd”. How far away does a day body need to be before it can be labelled “nonlocd”?
Arndd (1985 has sid in hisworld wide survey that many potters travel upto 7 km away from
home to oltain clay but many do nd travel further than 1 km. These definitions neal to be
cautiously used and clealy defined.

5.2.9 Choiceof study area

Finally and perhaps most importantly for future reseach, the cdhoiceof a study area Based on
the research abowe, it is apparent that there ae better study areas than athers. The best placefor
aprovenancestudy isin aregionwith avaried geology or at the borders of two geochemicdly
dissmilar geologies. The Soutpansberg and the LimpopoValley are two such places but there
are others. Problematic areas are the Cape mastal and the Karoo where one has large widespread
uniform geologicd formations with littl e internal geochemicd variability, based on pesent
knowledge of course. This does not mean, howvever, that research attention shoud na be paid
to these aeas. It will be necessary to develop aher means to provenance pottery from these

places.
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SARM 69
CERTIFICATE OF ANALYSIS CERAMIC-1 SARM 69
CERTIFIED REFERENCE MATERIAL

Prepared by and Distributed by:

MINTEK Department of Geology
P/Bag X3015 University of the FreeState
Randbug 2125 PO Box 339

Repubic of South Africa Bloemfontein 9300

1. STATUSOF CERTIFICATE

Thisisthefirst isaue of the cetificae.

2. DATE OF ORIGINAL CERTIFICATION

November 2000

3. AVAILABILITY OF OTHER SIZESOF THE MATERIAL

Only 100g units of the powdered material are avail able.

4. SOURCE OF THE MATERIAL

The material was supdied by the McGregor Museum.

5. DESCRIPTION OF THE MATERIAL

Clay potsherd materia originating from an iron age Site situated in the Orange Free State. There
are three mineral phases present, i.e. quartz (SIO,), feldspar (CaAl,Si,O;) and muscovite
(KAILL(SI;ANO,(OH).

6. INTENDED USE

Asa ontrol samplein the analysis of samples of asimilar type.

Verificdion d anayticd methods for ceramics.
As areferencemateria for the cdibration d equipment used for analysing similar materials.
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7. STABILITY, TRANSPORTATION AND STORAGE INSTRUCTIONS

Care must be taken to avoid undte vibration, since this could cause segregation within the
container.

8. INSTRUCTIONSFOR THE CORRECT USE OF THE MATERIAL

The material shoud be well mixed and died a 110°C for over night (see label) before
sub-samples are taken. Sub-samples of 0,2 g masswere taken for homogeneity testing, therefore
homogeneity canna be guaranteed onsmall er sub-samples.

9. METHOD OF PREPARATION OF THE REFERENCE MATERIAL

Approximately 80 kg of material was reduced in particle size until 95,26 was lessthan 834um.
For full detail s of the mminution procedure seel?.

10. STATE OF HOMOGENEITY

The materia has been shown to be of sufficient homogeneity for its purpose (see6). Seel7 for

afull description d the tests carried ou as a dhedk onthe homogeneity of the material.

11. CERTIFIED PROPERTY VALUESAND CONFIDENCE LIMITS

SARM 69. 3% ConfidenceLimits
Constituent Certified vdue% Low High
SO, 66,6 66,1 67,1
AlL,O, 14,4 14,2 14,5
TOTAL Fe sFe,0, 7,18 7,10 7,25
CaO 2,37 2,33 2,41
K,O 1,96 1,92 2,00
MgO 1,85 1,83 1,88
MnO 0,129 0,127 0,132
TiO, 0,777 0,769 0,785
Certified value mg/kg Low High
Ba 518 499 537
Cr 223 215 230
Zn 68 65 70
Ni 53 51 54
Cu 46 43 48
Co 28 27 29
Sc 20 19 21
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NOTES:

1. All vaues (including uncertified values) relate to the dried (110°C) material.

2. The Certified Vaueis an estimate of the " true " value based uponthe best avail able data &
thetime of the cetificdion.

3. The 95% Confidence Interva for the Certified Vaue is the range of values having a 95%
chanceof containing the cetified value, shoud the cetificaion program be repeaed an infinite
number of times.

4. Thepredsion d the user's proposed analyticd method must be taken into acournt when using
this reference material.

12. TENTATIVE / PROVISIONAL PROPERTY VALUES

Determinant Tentative value %
Losson Ignition 3,6
Na,O 0,79
P,Ox 0,28
Tentative value mg/kg
Zr 271
TOTAL V 157
Sr 109
Ce 67
Rb 66
Nd 30
Y 29
Pb 14
Nb 9
Th 9

13. VALUESOBTAINED BY INDIVIDUAL LABORATORIES

Nineteen laboratories in nine courtries submitted analyticd results on this material. Seel7 for
al the results.

14. MEASUREMENT TECHNIQUESUSED FOR THE CERTIFICATION

Among the techniques used by the @ntributing laboratories were the foll owing:

Atomic adsorption spedrophdometry

Gravimetric anaysis

ICP Mass pedrometry
Neutron adivation analysis
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Opticd emisson spedroscopy with ICP source
Volumetric analysis
X-ray fluorescence spedrometry

Sample dissolutionwas mainly by add dgestion a fusion. For further detail s of the tedhniques
seel’

15. TREATMENT OF THE NUMERICAL VALUES

Statisticd tests were used to identify outlying results which were then removed from the main

popuation of results. Estimators of central tendency were then cdculated and the most
appropriate were assgned as the cetified value. For full detall s of the statisticd treament of the

anayticd dataseel?.

16. COLLABORATING LABORATORIES

Austradia

Amdel Laboratories Limited Torrensvill e
General Laboratories Services Pty Ltd Gosnells
Canada

Slow Poke Reador Fadlity Toronto
Czech Republic

Geologicd Survey Prague Barrandov
France

Bureau de Recherches Geologiques & Minieres Orleans
Germany

Freie University of Berlin Berlin
GMBH Hohr - Grenzhausen
United Kingdom

Alfred H Knight Mersyside
The Open University Milton Keynes
United States of America

University of Misouri Missouri
South Africa

Courxil for Geoscience Pretoria
University of Cape Town Geol. Sciences Cape Town
University of Natal Natal
University of OFS, Dept Geol ogy Bloemfontein
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Mintek Randbug
Setpoint (B&B Laboratories) Bedfordview

17. REFERENCES

Marsland S.A., Hansen R, Oosthuyzen, J. THE PREPARATION AND CERTIFICATION OF
A CLAY CERTIFIED REFERENCE MATERIAL. Randbug, 2001.

Thisrepart isavall able from MINTEK, Private Bag X3015,Randbug 2125,Repubic of South

Africa

18. NAME OF CERTIFYING OFFICER

Dr D Groat, Manager, Analyticd ScienceDivision, MINTEK.
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Table A2.1.Datafor the Roosfontein sherds.

ri r2 r3 r4 r5
SO, 48.36 55.98 48.36 66.23 48.33
TiO, 1.23 099 124 058 1.24
AlLO, 17.65 15.30 17.46 13.03 17.34
Fe,O, 12.05 7.60 11.87 4.96 11.42

MnO 0.11 0.07 0.10 0.31 0.09
MgO 1.26 2.83 121 0.77 1.24
Cao 236 356 240 094 2.23
Na,0 0.62 100 0.63 0.42 0.65
K,O 124 180 1.21 344 131
P,O 249 1.06 213 0.95 2.04
H,O- 479 328 449 191 477
LOI 761 6.15 858 6.25 9.00
TOTAL  99.77 99.62 99.68 99.79 99.66
Rb 24 34 23 82 22
Sr 130 136 136 131 117
Y 20 17 21 21 21
Zr 192 177 190 248 190
Nb 6 7 6 8 5
Cu 75 49 74 25 75
Ni 60 62 57 35 56
Zn 79 101 72 68 74
\ 366 191 370 95 382
Cr 427 433 431 120 427
Co 61 43 57 29 51
ri Roosfontein
r2 Roosfontein
r3 Roosfontein
r4 Roosfontein
r5 Roosfontein
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Table A3.1. Data for multi ple measurements on the Messum pat.

KM2 KM3 KM4

KM5 KM6 KM7 KM8 KM9 KM10 KM11

SO, 62.58 61.85 61.31 61.93
TiO, 0.68 0.69 0.68 0.67
AlLO, 18.30 17.90 18.23 18.02
Fe,O, 563 560 568 5.60
MnO 0.07 0.06 0.06 0.06
MgO 1.34 132 130 1.35
Cao 0.95 097 095 1.03
Na,O 247 248 258 2.36
K,O 492 499 477 4.88
P,Ox 0.23 0.28 0.26 0.29
H,O- 0.69 0.70 0.71 0.77
LOI 284 334 359 3.86
TOTAL 100.70100.18 100.12 100.82
Rb 270 266 267 263
Sr 87 89 84 93
Y 49 48 48 48
Zr 154 152 155 155
Nb 39 38 40 38
Cu 13 13 11 10
Ni 36 35 36 35
n 82 80 81 80
\Y 120 117 116 119
Cr 94 81 95 85
Co 14 16 11 12
KM2 bse

KM3 bse

KM4 mid

KM5 bse

KM6 rim

KM7 mid

KM8 rim

KM9 mid

KM10 mid

KM11 mid 199ms

61.44
0.69
18.36
5.82
0.06
1.24
0.91
2.40
4.45
0.21
0.75
4.42

261
80
a7

152
38
10
36
77

118

100
11

60.59 60.99 61.48 59.97 60.69
0.67 0.68 0.68 0.68 0.67
18.27 18.01 18.11 17.96 17.99
556 5.73 572 596 5.94
0.07 0.06 0.06 0.06 0.06
123 123 126 123 1.22
084 093 088 0.86 0.84
235 223 230 230 242
435 442 441 437 435
0.21 0.22 0.22 0.20 0.20
058 0.83 061 0.65 0.84
503 5.02 511 6.07 5.76
99.75 100.35 100.84 100.31 100.98 100.75
259 261 261 259 257
76 81 78 75 75
45 48 46 a7 47
151 153 152 149 151
37 38 37 36 37
11 9 8 11 13
35 34 36 36 38
77 77 76 75 75
122 119 122 124 123
90 94 93 91 109
13 13 12 11 10
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Table A3.1 continued.

KM12 KM13 KM14 Average sd CcVv
SO, 60.81 60.6 61.51 61.21 0.70 1.14
TiO, 0.68 0.68 0.68 0.68 0.01 0.94
AlLO, 18.09 18.05 18.27 18.12 0.15 0.82
Fe,O, 587 575 5.68 573 0.13 227
MnO 0.06 0.06 0.06 0.06 0.00 6.10
MgO 120 122 124 1.26 0.05 3.97
CaOo 0.83 093 091 091 0.06 6.47
Na,O 244 227 220 237 011 461
K,O 441 440 4.47 455 0.24 5.29
P,Ox 0.20 0.212 0.22 0.23 0.03 13.39
H,O- 061 0.75 0.64 0.70 0.08 11.86
LOI 546 520 4.68 464 0.98 21.07
TOTAL 100.66 100.12 100.56 100.47 0.36 0.36
Rb 261 259 260 261.85 3.72 142
Sr 75 78 80 80.85 5.81 7.19
Y 47 46 47 47.15 1.07 2.27
Zr 152 152 151 152.23 169 1.11
Nb 38 37 37 37.69 1.03 274
Cu 11 9 9 10.62 1.66 15.64
Ni 39 35 35 3585 1.34 3.75
Zn 77 78 76 7777 228 293
Vv 126 121 120 120.54 2.85 2.36
Cr 115 93 93 94.85 9.00 9.49
Co 15 13 13 12.62 1.71 13.55
KM12 mid 10ym
KM13 mid 50gm
KM14 mid 38&m
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Table A4.2.1.Datafor the suite of Khaisan coastal pattery. All samplesin thistable ae from the
colledion made, numbered and pubdished by J. Rudrer (1968. Seetext for further detail s.

Sample WC16 WC38 WC62 WC63 WC64 WC82 WC96 WC97 WC145 WC146
SO, 50.82 68.64 54.69 65.40 66.83 61.89 66.88 60.52 59.42 70.06
TiO, 1.71 131 066 062 066 091 028 098 135 0.35
AlLO, 14.32 13.47 19.52 13.82 13.42 14.52 14.16 15.69 14.05 14.91
Fe,O, 10.05 5.17 6.04 531 451 464 342 668 7.71 421

MnO 0.13 0.08 0.06 0.08 0.07 0.04 005 0.08 013 0.05
MgO 441 097 122 084 144 123 061 196 212 1.07
Cao 459 125 248 096 181 237 085 195 213 0.66
Na,O 1.74 116 215 090 166 209 070 181 158 1.18
K,O 390 385 453 449 365 442 335 366 325 3.23
P,Ox 0.38 0.16 0.21 014 0.27 013 031 0.17 0.20 0.14
H,O- 141 055 126 127 106 070 183 154 131 121
LOI 6.02 299 6.72 6.21 415 6.27 6.94 427 6.21 3.19
TOTAL 99.48 99.60 99.54 100.04 99.53 99.21 99.38 99.31 99.46 100.26
Rb 483 223 233 246 194 161 152 291 172 283
Sr 220 195 272 124 198 588 102 155 220 128
Y 159 68 162 50 35 18 31 28 34 95
Zr 279 456 324 366 198 392 195 202 221 206
Nb 56 31 30 19 21 24 7 25 18 12
Cu 16 8 11 23 22 7 6 55 37 13
Ni 46 18 22 17 19 9 10 30 33 21
n 233 67 107 49 40 29 26 69 168 38
\Y 214 79 53 65 81 277 44 145 181 54
Cr 105 54 67 72 76 96 49 105 96 76
Co 29 16 7 8 11 10 7 16 21 9
Sample Rudrer Site
No Site No
WC16 12 Port Noll oth
WC38 12 Port Noll oth
WC62 12 Port Noll oth
WC63 12 Port Noll oth
WC64 12 Port Noll oth
w(C82 12 McDougall Bay
WC96 12 Port Noll oth
WC97 12 Port Noll oth
WC145 12 Port Noll oth
WC146 12 Port Noll oth
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Table A4.2.1continued.

Sample WC1 WC75 WC30 WC55 WC71 WC22 WC44 WC45 WC61 WC66

SO, 60.48 64.15 78.52 7156 61.12 70.20 76.23 83.17 61.26 60.56
TiO, 0.79 0.72 041 047 074 068 029 0.39 050 043
AlLO, 12.82 12.62 9.84 1395 14.84 1293 6.94 9.89 15.46 15.72
Fe,O, 773 576 286 374 690 388 353 309 440 4.66
MnO 0.09 006 0.05 0.03 0.08 0.03 0.06 0.04 0.05 0.05
MgO 1.78 194 044 061 174 080 061 0.71 0.56 0.87
CaO 263 155 070 041 110 113 0.43 041 036 0.65
Na,0O 1.03 108 024 011 0.71 054 0.75 0.20 0.65 0.60
K,O 241 315 080 082 343 186 0.74 0.72 391 247
P,O 0.15 0.17 051 039 0.17 0.07 0.07 0.14 0.17 0.13
H,O- 146 227 190 350 187 1.78 138 030 252 161
LOI 795 6.21 398 503 720 543 965 161 9.38 11.83
TOTAL  99.32 99.68 100.25100.62 99.90 99.33 100.68 100.67 99.22 99.58
Rb 100 154 31 46 164 77 22 58 175 153
Sr 170 182 87 51 133 126 30 69 86 181
Y 24 18 13 17 21 30 6 20 19 18
Zr 316 232 233 172 187 329 173 216 238 268
Nb 16 13 6 6 13 11 3 7 12 13
Cu 39 14 4 2 10 4 5 4 3 5
Ni 37 30 11 14 31 27 12 14 13 9
Zn 72 62 14 19 64 28 11 17 28 41
Vv 165 132 60 80 128 104 58 63 62 52
Cr 197 119 68 95 106 110 92 75 56 37
Co 20 16 10 9 14 11 7 9 8 8
Sample Rudrer Site
No Site No
WC1 13 Kleinsee
WC75 18 Lamberts Bay
WC30 19 Van Puttens Vlei
WC5H5 19 Van Puttens Vlei
WC71 19 Van Puttens Vlei
wWC22 20 Elands Bay
WC44 20 Elands Bay
WC45 20 Elands Bay
wC6b1 23 Berg River
WC66 24 St Helena Bay, Sandy Point
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Table A4.2.1continued.

Sample WC21 WC37 WC83 WC84 WC85 WC88 WC89 WC90 WC47 WC67

SO, 61.99 67.98 65.41 64.65 62.47 62.41 64.37 68.73 67.30 68.49
TiO, 051 039 044 044 045 050 053 042 0.39 049
AlLO, 17.24 13.71 15,51 16.11 14.32 17.61 14.51 14.15 14.63 15.08
Fe,O, 467 468 464 446 512 530 504 506 4.16 4.57
MnO 0.02 005 0.04 0.04 005 0.04 004 0.06 0.04 0.05
MgO 084 140 070 0.63 137 087 095 092 0.76 0.83
Cao 1.10 071 121 115 116 133 115 0.64 093 1.25
Na,O 091 078 081 149 072 085 093 0.72 1.13 1.60
K,O 258 248 268 347 291 261 341 241 326 3.32
P,Ox 0.12 0.05 0.08 0.10 0.11 037 0.06 0.05 0.08 0.06
H,O- 258 144 275 271 185 264 198 122 266 1.06
LOI 713 540 499 415 853 500 6.52 538 371 251
TOTAL  99.69 99.07 99.26 99.40 99.06 99.53 99.49 99.76 99.05 99.31
Rb 135 132 151 170 135 170 133 141 162 144
Sr 156 107 261 210 135 270 218 94 141 83
Y 6 31 20 17 26 24 28 33 23 13
Zr 180 192 186 203 134 131 202 19 175 139
Nb 10 9 12 12 9 14 13 9 10 7
Cu 4 6 3 2 5 4 5 9 3 1
Ni 9 13 8 7 18 12 15 14 9 10
Zn 29 25 29 28 40 36 31 26 26 26
Vv 66 61 59 55 81 63 97 63 51 65
Cr 57 50 50 31 115 48 78 66 41 64
Co 11 7 9 6 11 10 8 12 6 8
Sample Rudrer Site
No Site No
wWC21 25 Stompneus Bay
WC37 25 Stompneus Bay
WC83 25 Stompneus Bay
wWC84 25 Stompneus Bay
WC85 25 Stompneus Bay
WC88 25 Stompneus Bay
WC89 25 Stompneus Bay
WC0 25 Stompneus Bay
WC47 26 Britannia Point
WC67 26 Britannia Bay
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Table A4.2.1continued.

Sample WC70 WC87 WC69 WC78 WC39 Kb40 WC40 Kb40 Kb40 WC74

SO, 65.12 60.11 64.77 66.25 67.28 64.79 64.53 66.73 62.39 59.89
TiO, 045 051 048 065 039 041 055 045 054 0.44
AlLO, 14.16 16.68 15.10 13.94 13.00 13.75 14.74 14.38 14.60 16.25
Fe,O, 402 506 511 598 410 441 526 489 472 501
MnO 0.05 0.06 005 005 004 0.02 0.05 0.03 0.05 0.05
MgO 063 166 091 1.11 098 0.72 066 055 143 1.06
CaO 149 144 110 085 069 106 0.72 100 2.08 0.88
Na,0O 147 119 144 070 096 098 0.88 1.67 1.73 1.00
K,O 296 334 340 267 331 397 284 4.07 344 3.96
P,O 0.08 0.15 0.14 005 035 029 0.79 0.23 0.38 042
H,O- 139 188 168 141 199 213 359 180 142 142
LOI 776 759 519 639 655 7.85 514 3.77 587 9.17
TOTAL 99.58 99.67 99.37 100.05 99.64 100.38 99.75 99.57 98.65 99.55
Rb 134 159 150 93 156 156 143 148 143 162
Sr 198 191 170 169 88 142 104 137 169 390
Y 9 45 49 15 33 28 10 32 38 62
Zr 188 200 188 284 245 186 267 240 251 263
Nb 11 13 13 11 10 9 13 10 12 16
Cu 2 2 5 6 3 7 7 12 10 5
Ni 8 12 12 21 7 9 11 11 13 14
Zn 30 43 43 29 33 34 60 a7 52 37
Vv 51 57 55 115 48 49 68 52 71 55
Cr 33 a7 36 92 28 a7 46 44 55 52
Co 7 10 13 8 8 8 4 7 7 13
Sample Rudrer Site
No Site No
WC70 26 Britannia Point
wC87 26 Britannia Bay
WC69 27 St Martins Point
WC78 28 Paternoster salt pan
WC39 29 Kastedberg
Kb40 29 Kastedberg
WC40 29 Kastedberg
Kb40 29 Kastedberg
Kb40 29 Kastedberg
WC74 30 West Bay
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Table A4.2.1continued.

Sample WC53 WC76 WC79 WC81 WC93 WC94 WC95 WC46 WC49 WC36

SO, 58.55 65.89 64.66 69.98 58.11 57.88 67.80 63.05 62.88 63.28
TiO, 0.22 054 027 040 0.68 048 046 042 042 0.40
AlLO, 17.28 13.81 15.62 13.29 15.17 15.52 14.70 14.35 15.50 14.11
Fe,O, 401 569 436 423 588 470 394 481 497 4.32
MnO 0.03 006 004 0.05 0.04 005 002 0.04 0.06 0.04
MgO 0.63 144 065 070 110 336 059 061 0.88 0.66
CaOo 098 110 088 083 157 132 145 110 0.96 0.67
Na,0O 069 076 074 071 116 128 133 0.77 143 0.82
K,O 322 243 352 275 276 3.04 301 316 322 273
P,O 0.21 015 026 0.10 028 025 0.11 0.34 0.36 0.43
H,O- 208 167 312 155 222 200 231 231 203 255
LOI 11.08 588 528 4.65 1038 9.68 3.78 8.77 6.30 8.76
TOTAL 98.98 99.42 99.40 99.24 99.35 99.56 99.50 99.73 99.01 98.77
Rb 173 103 163 128 102 160 137 155 171 151
Sr 297 138 211 141 278 136 207 117 163 97
Y 22 22 15 16 59 16 22 33 25 33
Zr 105 144 175 193 204 300 223 197 188 177
Nb 9 9 10 9 14 13 11 11 12 10
Cu 1 9 4 3 5 2 2 2 3 2
Ni 10 23 11 10 24 7 7 7 8 10
Zn 22 46 20 23 28 37 26 35 46 42
Vv 40 94 51 68 130 61 49 51 59 51
Cr 52 155 71 49 86 39 37 35 35 420
Co 7 9 5 7 14 4 8 9 4 6
Sample Rudrer Site
No Site No
WC53 32 Danger bay
WC76 32 Danger Bay
WC79 32 Danger Point
WC81 32 Morrison's Point
WC93 32 Danger Bay
WCo4 32 Danger Bay
WC95 32 Danger Bay
WC46 33 Noordbaakop Cave
WC49 33 Noordbaakop Cave
WC36 37 Saldanha Cave
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Table A4.2.1continued.

Sample WC118 WC119 WC120 WC72 WC29 WC34 WC50 WC54 WC60 WC77

SO, 69.21
TiO, 0.55
AlLO, 13.29
Fe,O, 3.49
MnO 0.04
MgO 1.09
Cao 0.82
Na,O 0.79
K,O 3.51
P,Ox 0.17
H,O- 1.25
LOI 5.03
TOTAL 99.24
Rb 100
Sr 197
Y 17
Zr 295
Nb 10
Cu 6
Ni 17
Zn 27
\ 86
Cr 68
Co 6
Sample Rudrer
No Site No
WC118 37
WC119 37
WC120 37
WC72 38
WC29 41
WC34 41
WC50 41
WC54 41
WC60 41
WC77 41

64.62 64.26 64.59 63.30
0.43 0.47 043 0.24
17.38 16.19 15.84 17.96
498 478 5.02 3.63
0.04 0.04 0.04 0.04
0.98 0.81 090 0.57
0.85 0.88 1.16 1.10
0.93 133 0.75 0.68
353 3.11 278 3.70
0.41 0.11 0.17 0.48
148 2.06 2.23 241
3.65 522 538 4.93
99.28 99.26 99.29 99.04
165 167 144 213
181 146 253 356
18 27 24 41
132 189 142 121
12 14 11 11
4 2 5 2
10 12 13 9
32 36 34 24
60 56 63 32
47 46 73 53
11 14 4 6
Site
Saldanha Bay
Saldanha Bay
Saldanha Bay
Lynch Point
Saldanha Peninsula
Saldanha Peninsula
Saldanha Peninsula
Saldanha Peninsula
Saldanha Peninsula
Saldanha Peninsula
245

63.47
0.21
16.99
3.69
0.03
0.65
0.88
0.87
3.83
0.12
2.62
5.60
98.96

223
148
30
103
11
1

9
25
33
42
5

61.46
0.62
15.10
5.26
0.06
1.53
1.66
1.17
2.66
0.12
1.68
7.81
99.13

92
205
19
153
11
11
29
43
132
105
14

61.28 64.11
0.40 0.27
14.92 17.51
401 3.98
0.04 0.04
0.60 0.50
1.28 1.29
0.85 0.70
3.13 3.66
0.09 0.43
293 245
9.53 591
99.06 100.85
159 184
176 426
8 39
172 132
10 12

3 4

7 10

23 24
55 33
36 56

7 8

62.57
0.26
16.10
4.00
0.05
0.56
1.09
0.78
3.47
0.23
2.12
8.29
99.52

180
248
35
129
11
3
11
23
42
61
8
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Table A4.2.1continued.

Sample WC121WC122 WC123WC124 WC125 WC35WC136 WC137 WC138WC139

SO, 62.01
TiO, 0.46
AlLO, 16.51
Fe,O, 4.48
MnO 0.05
MgO 0.52
Cao 0.85
Na,O 0.51
K,O 3.98
P,Ox 0.07
H,O- 1.74
LOI 8.31
TOTAL 99.49
Rb 181
Sr 122
Y 22
Zr 224
Nb 16
Cu 1
Ni 6
Zn 27
\ 62
Cr 30
Co 5
Sample Rudrer
No Site No
WCi121 41
WC122 41
WC123 41
WC124 41
WC125 41
WC35 42
WC136 43
WC137 43
WC138 43
WC139 43

64.71
0.64
13.24
5.19
0.10
1.52
1.44
0.61
3.46
0.11
1.24
6.92
99.18

146
194
28
198
10
6
26
51
115
93
13

63.53 62.46 67.52 61.53
0.42 0.25 0.41 0.63
16.05 17.39 15.23 15.25
445 414 428 6.15
0.04 0.04 0.04 0.07
0.83 052 055 1.44
1.39 121 073 1.76
0.83 066 1.00 1.30
287 351 3.39 254
0.53 0.42 0.07 0.13
151 1.72 1.18 1.62
6.68 7.15 491 6.69
99.13 99.47 99.31 99.11
124 187 153 90
252 523 164 215
9 39 19 22
171 129 184 154
9 11 9 12

4 5 3 12

11 10 13 29
28 25 31 43
59 40 47 134
47 62 55 110

7 9 9 12

Site

Saldanha Peninsula
Saldanha Peninsula
Saldanha Peninsula
Saldanha Peninsula
Saldanha Peninsula
Jut Bay
Vonddingbaa
Vonddingbaa
Vonddingbad
Vonddingbaa

246

60.95
0.43
16.33
3.55
0.04
0.59
1.15
1.59
3.91
0.17
241
7.81
98.93

161
178
34
247
17
3

8
21
45
30
8

63.70
0.47
14.47
412
0.05
0.88
0.87
1.83
3.65
0.10
1.62
7.58
99.34

223
117
18
187
10
5
15
27
72
64
9

65.57
0.64
13.55
5.57
0.05
1.49
0.84
1.37
2.63
0.09
1.49
5.98
99.27

113
127
20
193
10
13
32
43
129
115
14

69.36
0.40
12.85
3.99
0.05
0.49
0.85
1.43
3.51
0.23
1.36
5.06
99.58

174
155
15
187
8

8

9
18
56
47
8
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Table A4.2.1continued.

Sample WC73 wC2 WC3 WC4 WC5 WC6 WC7 WC8 WC9 WC10

SO, 63.64 67.58 63.25 61.18 64.51 61.16 72.04 65.66 64.25 73.52
TiO, 0.81 067 032 054 065 0.21 047 039 032 044
AlLO, 14.15 13.23 14.86 18.07 14.64 16.51 10.85 17.94 15.09 9.33
Fe,O, 557 426 6.06 480 6.32 327 6.44 445 499 547
MnO 0.05 0.03 0.05 0.02 0.05 0.02 0.02 0.03 0.04 o0.06
MgO 1.3 084 064 155 153 045 054 0.76 0.71 1.11
CaO 1.87 1.10 099 102 213 064 0.78 056 095 0.75
Na,O 1.0 101 166 047 137 117 036 155 1.80 0.23
K,O 219 186 387 202 227 38 076 366 4.07 1.16
P,Ox 0.11 0.08 014 0.12 020 0.13 0.06 0.20 011 o0.11
H,O- 191 122 145 398 211 146 248 121 156 1.62
LOI 6.65 8.08 682 6.63 381 11.04 548 3.63 6.00 6.50
TOTAL 99.40 99.96 100.11 100.40 99.59 99.92 100.28 100.04 99.89100.30
Rb 76 75 222 131 114 206 35 128 225 43
Sr 176 109 117 165 267 75 103 93 135 95
Y 22 25 10 17 26 24 11 30 10 17
Zr 177 273 142 190 220 100 156 195 123 169
Nb 11 11 10 10 10 9 7 11 10 7
Cu 9 5 10 1 10 0 3 4 4 9
Ni 27 27 15 15 20 9 21 9 12 36
n 36 30 22 19 47 26 13 28 22 30
\ 144 124 67 76 111 33 102 54 60 89
Cr 134 111 82 64 63 47 199 35 59 109
Co 13 14 2 9 16 9 9 4 8 20
Sample Rudrer Site
No Site No
WC73 44 Abrahamskrad
WC2 45 Y zerfontein
WC3 45 Y zerfontein
WC4 45 Y zerfontein
WC5 45 Y zerfontein
WC6 45 Y zerfontein
WC7 45 Y zerfontein
WCS8 45 Y zerfontein
WC9 45 Y zerfontein
WC10 45 Y zerfontein

247

Document Produced by deskPDF Unregistered :: http://www.docudesk.com



Table A4.2.1continued.

62.11
0.35
15.07
3.92
0.02
0.60
1.28
1.44
3.61
0.11
2.20
941

148
163
18
227
9

3
11
31
42
a7
9

Sample
SO, 55.27 62.06 65.49 62.64 65.19
TiO, 0.24 048 051 0.68 0.53
AlLO, 18.60 15.49 16.56 16.81 17.55
Fe,O, 443 510 356 6.46 5.29
MnO 0.02 0.04 0.03 0.06 0.04
MgO 0.70 0.77 095 139 0.70
Cao 1.03 0.78 151 231 141
Na,O 098 131 201 164 2.18
K,O 347 421 446 221 2.89
P,Ox 0.21 0.23 0.07 0.10 0.09
H,O- 248 231 096 2.03 1.15
LOI 1262 7.36 352 343 3.35
TOTAL 100.05100.14 99.63 99.76 100.37 100.12
Rb 188 190 197 136 167
Sr 135 154 192 278 163
Y 17 28 14 21 24
Zr 96 282 308 180 206
Nb 8 18 21 11 16
Cu 1 6 4 8 4
Ni 10 10 12 23 9
n 23 30 21 53 34
\Y 46 58 47 102 61
Cr 54 42 34 73 44
Co 9 5 6 29 5
Sample Rudrer Site
No Site No
WC11 45 Y zerfontein
WC13 45 Y zerfontein
WC14 45 Y zerfontein
WC15 45 Y zerfontein
WC17 45 Y zerfontein
WC18 45 Y zerfontein
WC24 45 Y zerfontein
WC98 45 Y zerfontein
WC99 45 Y zerfontein
WC100 45 Y zerfontein

248

72.51
0.42
13.31
3.57
0.04
0.67
0.60
0.51
3.11
0.12
1.39
2.97
99.22

135
111
22
209
8

3

8
29
52
37
5

67.52
0.46
13.30
5.42
0.05
0.63
0.84
1.35
4.24
0.29
1.03
4.41
99.54

209
151
21
199
11
9
10
21
75
59
7

66.57
0.52
17.84
5.27
0.05
0.71
1.28
1.46
2.93
0.07
0.51
2.05
99.26

186
123
27
220
17
5
11
37
60
39
10

WwC1ll1 WC13 wC14 WC15 WC17 WC18 WC24 WC98 WC99 WC100

66.81
0.51
16.29
3.16
0.04
0.79
1.42
1.40
4.35
0.10
1.08
3.50
99.45

199
194
13
304
21
4
10
21
48
29
5
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Table A4.2.1continued.

Sample WC101 WC102 WC103WC104WC105 WC106 WC107 WC19 WC20 WC25

SO, 66.03
TiO, 0.33
AlLO, 14.91
Fe,O, 5.43
MnO 0.06
MgO 0.75
Cao 0.87
Na,O 1.30
K,O 3.84
P,O 0.11
H,O- 0.85
LOI 451
TOTAL 98.99
Rb 236
Sr 96
Y 12
Zr 141
Nb 11
Cu 8
Ni 14
n 23
\ 66
Cr 69
Co 1
Sample Rudrer
No Site No
WC101 45
WC102 45
WC103 45
WC104 45
WC105 45
WC106 45
WC107 45
WC19 46
WC20 46
WC25 46

69.37 66.67 68.30
0.29 0.26 0.67
15.84 13.22 14.21
5,04 421 4.90
0.03 0.06 0.07
1.15 0.60 1.45
0.46 0.73 1.38
0.83 0.77 1.40
3.15 3.60 2.50
0.10 0.10 0.112
0.34 1.34 0.98
241 7.88 2.88
99.01 99.44 98.85
253 185 96
64 94 215
32 18 32
509 189 260
95 13 13

12 8 16

16 12 34
26 18 43
35 43 119

62 72 108

4 8 9

Site

Y zerfontein

Y zerfontein

Y zerfontein

Y zerfontein

Y zerfontein

Y zerfontein

Y zerfontein

Modderrivier

Modderrivier

Modderrivier

62.79
0.51
17.85
4.79
0.04
0.72
0.98
0.18
1.88
0.11
3.54
5.76
99.15

132
178
18
198
10
1
13
18
76
59
13

249

70.30
0.49
10.54
6.06
0.03
0.59
0.84
0.07
0.72
0.07
3.11
6.41
99.23

30
111
10
153
6

3
24
14
102
222
12

74.02 64.27 54.82 60.75
0.44 059 120 048
9.48 13.47 17.59 19.24
496 6.12 8.60 5.88
0.08 0.06 0.04 0.02
1.12 335 154 0.50
0.68 240 230 1.06
0.05 0.88 0.98 042
1.08 150 1.88 2.53
0.08 0.10 0.26 0.12
169 185 283 351
578 591 7.41 5.83
99.46100.50 99.45 100.34
44 71 72 136
87 184 276 191
16 26 15 20
157 261 150 174
6 8 15 11

9 16 19 5
31 32 52 13
22 49 49 20
92 132 221 82
93 168 233 81
19 9 16 5
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Table A4.2.1continued.

Sample

SO, 75.43
TiO, 0.44
AlLO, 9.95
Fe,O, 2.99
MnO 0.02
MgO 0.44
Cao 0.72
Na,O 1.46
K,O 0.81
P,O 0.52
H,O- 1.17
LOI 5.05
TOTAL 99.00
Rb 195
S 157
Y 10
Zr 179
Nb 11
Cu 5
Ni 7
Zn 14
\/ 49
Cr 39
Co 6
Sample Rudrer
No Site No
WC26 46
WC27 46
wC28 46
WC31 46
WC32 46
WC52 46
WC131 46
WC132 46
WC133 46
WC134 46

62.94 65.17 63.57
0.89 0.85 0.40
16.27 15.90 14.75
6.83 6.69 5.23
0.07 0.08 0.03
1.42 156 0.60
1.15 1.72 1.46
0.72 1.18 1.18
297 227 2.95
0.12 0.11 0.09
254 1.06 1.96
3.88 3.17 7.45
99.80 99.76 99.67
132 94 149
178 232 191
28 40 18
229 267 191
16 17 11
9 18 3
25 36 8
54 53 29
147 170 58
90 119 45
14 12 8
Site
Modderrivier
Modderrivier
Modderrivier
Modderrivier
Modderrivier
Modderrivier
Modderrivier
Modderrivier
Modderrivier
Modderrivier

57.41 68.54

0.97

0.50

16.57 13.71

6.57
0.07
1.20
1.89
0.97
2.23
0.09
2.10
9.45

8.17
0.04
0.93
0.76
0.38
1.69
0.18
1.76
3.74

99.52100.40

70
203
13
216
13
17
37
38
188
181
12

250

89
147
16
307
10
7
23
23
146
110
9

56.77
0.49
16.14
6.84
0.05
1.00
1.10
0.27
3.03
0.15
2.59
11.13
99.56

145
149
27
178
9
14
25
56
132
95
16

63.80
0.48
15.21
5.08
0.04
0.61
1.02
1.79
4.18
0.11
1.67
5.41
99.40

200
184
20
273
20
5
10
24
55
21
10

61.08
0.44
15.24
4.40
0.04
1.53
0.69
1.24
3.31
0.10
1.73
9.86
99.66

152
101
17
199
10
2

9
33
68
43
11

wC26 WC27 wC28 WC31 WC32 WC52 WC131WC132 WC133 WC134

66.55
0.49
15.55
3.43
0.05
0.50
0.92
1.99
4.76
0.12
1.08
3.70
99.14

211
173
13
329
20
5

7
23
44
26
2
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Table A4.2.1continued.

Sample WC135 WC33 WC48 WC59 WC108 WC109 WC110 WC111 WC112 WC113

SO, 62.88 72.11
TiO, 0.43 0.54
AlLO, 15.22 12.90
Fe,O, 439 5.40
MnO 0.03 0.04
MgO 0.63 0.64
Cao 0.78 0.70
Na,0O 1.34 0.28
K,O 3.28 1.49
P,O 0.11 0.13
H,O- 1.83 1.68
LOI 8.62 4.21
TOTAL

Rb 153 76
Sr 117 98
Y 19 23
Zr 243 282
Nb 10 12
Cu 4 3
Ni 10 13
Zn 33 20
\ 69 103
Cr 41 64
Co 7 8
Sample Rudrer

No Site No
WC135 46
WC33 48
WC48 48
WC59 48
WC108 48
WC109 48
WC110 48
WC111 48
WC112 48
WC113 48

64.25
0.49
15.86
4.01
0.05
0.73
1.63
1.44
4.98
0.34
1.26
4.76

192
244
11
305
20
6

7
23
49
26
9

Site

72.55
0.38
13.75
4.51
0.03
0.57
0.73
0.42
1.03
0.11
1.99
3.58

99.54100.12 99.80 99.65

57
106
9
174
11
4
11
16
72
63
12

Modderrivier

Bokbaa
Bokbaa
Bokbaa
Bokbaa
Bokbaa
Bokbaa
Bokbaa
Bokbaa
Bokbaa

67.49
0.34
14.01
3.94
0.04
0.63
1.11
0.54
3.07
0.12
2.67
5.48
99.44

148
145
33
177
8

2
10
23
58
36
5

251

65.56
0.71
15.99
6.03
0.04
1.45
2.26
0.97
2.34
0.17
1.28
2.89
99.69

124
312
28
236
9

7
22
53
103
60
23

65.81
0.74
15.90
4.99
0.04
0.62
0.65
0.25
3.67
0.13
1.93
4.32
99.05

110
162
9
322
16
7

7
31
84
45
10

61.58 63.69
0.72 0.61
15.39 15.55
599 5.55
0.05 0.05
113 1.33
1.63 2.72
0.72 1.17
220 213
0.13 0.18
219 1.39
731 5.64
99.04 100.01
93 117
243 307
20 35
180 246
15 9
13 8
29 24
43 49
143 81
113 71
11 17

62.83
0.74
15.22
6.17
0.07
2.44
1.16
0.53
3.27
0.13
2.11
4.40
99.07

177
207
23
197
14
8
27
53
125
92
14
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Table A4.2.1continued.

Sample WC114 WC115 WC116 WC117 WC91 WC92 WC23 WC126 WC127WC128

SO, 66.13
TiO, 0.82
AlLO, 15.60
Fe,O, 5.51
MnO 0.04
MgO 1.56
Cao 1.23
Na,0O 0.90
K,O 3.29
P,O 0.08
H,O- 1.47
LOI 3.24
TOTAL 99.87
Rb 156
S 174
Y 26
Zr 187
Nb 14
Cu 18
Ni 36
Zn 51
\ 135
Cr 117
Co 13
Sample Rudrer

No Site No

WC114 48
WC115 48
WC116 48
WC117 48

WCo1l 49
WC92 49
WC23 50
WC126 50
WC127 50
WC128 50

64.49 63.97
0.84 0.58
14.24 15.29
6.51 5.18
0.08 0.01
2.22 0.65
1.75 0.96
0.68 0.51
231 3.03
0.12 0.11
153 1.89
466 7.41
99.43 99.59
116 82
336 251
32 10
229 235
14 16
11 5
41 12
47 22
145 107
145 53
17 11
Site
Bokbaa
Bokbaa
Bokbaa
Bokbaa
Melkbos
Melkbos
Blouberg
Blouberg
Blouberg
Blouberg

72.85
0.40
12.54
3.84
0.05
0.78
0.66
0.53
2.89
0.07
1.41
3.33

68.91
0.44
11.99
4.34
0.05
1.07
0.49
0.37
2.00
0.08
1.24
8.44

67.74
0.47
14.90
4.56
0.04
0.61
1.00
0.61
3.21
0.27
2.25
4.32

99.35 99.42 99.98

126
138
67
168
8

4
12
26
59
43
8

108
77
45

151

7
4
24
23
84

100

10

252

176
183
23
196
11
5
12
27
73
60
8

nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd

164
196
19
189
10
7

7
23
57
38
11

70.56
0.55
12.83
4.83
0.04
0.68
0.65
0.16
2.83
0.07
1.30
5.11
99.61

90
125
22
314
10
5
16
22
90
71
15

68.21
0.49
12.04
4.80
0.05
0.71
0.68
0.23
3.03
0.19
1.20
7.95
99.58

88
136
21
277
10
5
12
22
88
59
14

62.17
0.56
15.25
5.54
0.06
0.89
1.06
0.35
2.14
0.07
2.05
9.31
99.45

74
200
29
308
11
5
25
21
115
98
18
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Table A4.2.1continued.

Sample WC129 WC130
61.85 66.42

SO, 66.37
TiO, 0.38
AlLO, 17.10
Fe,O, 4,55
MnO 0.04
MgO 0.63
Cao 0.74
Na,0O 0.72
K,O 4,53
P,O 0.44
H,O- 1.15
LOI 2.55
TOTAL 99.20
Rb 166
Sr 197
Y 18
Zr 190
Nb 11
Cu nd
Ni nd
Zn nd
\ 56
Cr 46
Co 9
Sample Rudrer
No Site No
WC129 50
WC130 50
CP8 51
CP23 53
CP33 53
CP5 54
CP10 54
CP12 54
CP13 54
CP37 54

0.69

CP8

0.43

14.85 16.10

6.70
0.05
1.36
1.25
0.42
2.43
0.19
2.15
7.55

4.96
0.03
0.67
0.64
1.19
3.36
0.10
2.50
4.07

99.49100.47

160
180
24
236
14
10
24
47
139
103
10

Site

179
113
12
162
13
5
10
26
59
49
8

Blouberg
Blouberg

Mil nerton
Sandy Bay
Sandy Bay

Hout Bay
Hout Bay
Hout Bay
Hout Bay
Hout Bay

CP23
66.46
0.47
17.24
2.68
0.02
0.59
0.81
2.26
4.08
0.16
1.32
3.65
99.74

241
146
14
163
14
3
13
23
52
57
8

CP33
64.16
0.50
17.84
4.27
0.02
0.61
0.98
1.00
3.17
0.07
2.12
6.11
100.85

160
159
14
173
17
1
10
19
58
36
5

253

CPs CP10
61.54 61.37
0.43 0.47
16.48 16.13
474 441
0.01 0.02
0.80 0.56
1.10 1.12
1.69 0.58
3.82 3.07
0.30 0.09
2.12 3.56
6.57 8.95
99.60 100.33
154 175
213 145
13 12
169 160
10 9

5 3

9 10

32 19
53 69
38 62

8 6

CP12 CP13 CP37
63.41 63.46 64.27
0.55 0.83 0.79
18.22 13.97 16.55
3.57 552 755
0.03 0.06 0.05
0.75 1.83 1.42
0.86 2.87 0.87
097 0.87 0.94
364 205 274
0.14 0.09 0.12
1.74 291 0.63
6.07 6.07 4.80
99.95 100.53100.73
182 100 147
169 237 153
18 12 25
163 168 211
15 13 14

4 34 24

11 31 21
38 45 66
77 156 139
58 114 121

8 14 6
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Table A4.2.1continued.

Sample CP38 CP4A3 CP4A5 CP4A7 CPl16 CP22 CP28 CP36 CP2 CP20

SO, 55.60 63.06 62.58 72.68 69.79 57.28 65.48 67.22 63.01 62.31
TiO, 092 0.75 043 042 020 065 058 054 042 0.47
AlLO, 15.14 16.59 17.26 13.14 1455 16.65 14.95 14.34 15.62 18.55
Fe,O, 793 659 524 380 574 554 445 427 6.17 5.36
MnO 0.03 004 002 0.01 001 004 001 0.02 0.03 0.02
MgO 1.05 136 064 037 060 116 069 0.60 0.75 0.63
CaO 149 105 119 0.71 0.71 135 0.67 0.62 1.16 0.82
Na,0O 1.15 087 092 045 082 113 0.78 1.13 143 1.02
K,O 254 254 393 212 266 358 423 4.05 340 3.70
P,O 0.06 0.12 0.15 0.07 0.07 0.09 0.06 0.10 0.212 0.15
H,O- 259 089 259 211 100 264 237 179 259 194
LOI 1148 565 590 3.72 4.18 928 589 519 567 4.84
TOTAL  99.98 99.51 100.85 99.60 100.33 99.39 100.16 99.87 100.46 99.81
Rb 120 139 229 88 197 228 171 183 212 207
Sr 242 191 299 143 60 148 133 133 190 136
Y 26 24 10 12 29 38 135 62 9 15
Zr 156 206 113 207 115 182 243 254 133 138
Nb 17 15 12 8 8 13 12 11 12 13
Cu 13 20 6 3 4 6 4 5 6 5
Ni 36 22 14 9 20 19 19 13 15 13
Zn 52 65 34 14 21 41 30 25 23 21
Vv 178 135 67 57 50 90 73 74 70 82
Cr 154 109 54 61 66 71 49 43 64 69
Co 14 6 10 9 7 10 37 14 7 11
Sample Rudrer Site
No Site No
CP38 54 Hout Bay
CP43 54 Hout Bay
CP45 54 Hout Bay
CP47 54 Hout Bay
CP16 55 Noordhaek
CP22 55 Noordhaek
CP28 55 Noordhaek
CP36 55 Noordhaek
CP2 56 Kommetjie
CP20 56 Kommetjie

254
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Table A4.2.1continued.

Sample CP31 CP32 CP35 CP4 CP40 CP50 CP30 CP34 CP3 CP49
SO, 67.46 66.85 67.12 59.45 60.49 67.54 64.84 64.50 64.73 60.26
TiO, 047 045 044 046 048 056 044 051 059 0.93
AlLO, 16.25 16.01 13.98 16.43 15.04 17.46 16.70 16.13 16.47 16.56
Fe,O, 425 383 508 562 6.18 514 377 549 435 7.06
MnO 0.01 0.02 0.02 0.04 002 0.02 0.01 0.04 0.03 0.05
MgO 046 062 049 106 113 061 056 070 0.85 1.80
CaOo 091 103 081 130 091 090 055 121 096 1.50
Na,0O 069 142 049 132 085 104 076 161 095 1.80
K,O 266 365 324 445 275 319 342 358 385 3.12
P,O 0.17 0.12 0.22 0.13 034 0.07 015 049 0.13 0.23
H,O- 255 192 260 299 269 094 162 139 233 205
LOI 506 448 550 7.61 899 240 7.75 436 519 5.32
TOTAL 100.94 100.40 99.99 100.86 99.87 99.87 100.57 100.01 100.43100.68
Rb 126 176 148 237 109 180 141 187 231 148
Sr 166 145 158 286 90 124 74 166 173 197
Y 13 23 11 9 6 36 11 21 24 28
Zr 271 197 181 145 149 174 157 185 211 210
Nb 12 11 10 12 10 21 10 12 16 16
Cu 2 4 1 8 5 3 1 9 5 22
Ni 8 10 8 13 13 9 7 13 14 43
Zn 13 20 18 42 90 22 39 35 43 58
Vv 52 52 53 56 70 52 59 76 78 154
Cr 45 46 56 48 70 30 44 66 62 132
Co 1 7 7 10 10 7 3 9 7 15
Sample Rudrer Site
No Site No
CP31 56 Kommetjie
CP32 56 Kommetjie
CP35 56 Kommetjie
CP4 57 Witsands
CP40 57 Witsands
CP50 57 Witsands
CP30 58 Witsands Cave
CP34 58 Witsands Cave
CP3 59 Schusters Bay
CP49 59 Schusters Bay

255
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Table A4.2.1continued.

Sample WC143

SO,
TiO,
AlLO,
Fe,O,
MnO
MgO
CaOo
Na,O
K,O
P,Ox
H,O-
LOI
TOTAL

Rb
S
Y
Zr
Nb
Cu
Ni
Zn
\Y
Cr
Co

Sample
No
WC143
CP44
CP27
CP1
CP9
CP14
CP17
CP18
CP19
CP21

CP44 CP27 CP1L CP9
60.47 65.53 59.61 68.71 63.15
049 064 050 052 057
16.32 14.86 16.20 12.32 17.95
486 528 530 4.66 3.83
0.04 0.01 0.03 0.02 0.02
0.63 053 0.79 0.69 0.74
122 040 120 0.66 0.83
056 031 0.71 053 0.84
3.14 279 416 250 3.63
0.11 0.20 0.39 0.09 0.14
233 143 3.12 167 262
9.21 877 815 7.50 6.46
99.38 100.65 100.16 99.87 100.78
173 104 207 87 207
180 78 257 124 123
19 7 21 18 16
209 263 159 271 171
14 12 13 9 15
4 5 3 2 3
13 15 10 15 13
36 24 35 20 41
69 96 78 80 84
70 70 60 63 73
9 9 9 13 8
Rudrer Site
Site No
59 Schusters Bay
61 Olifantsbos
62 Platboam
63 Cape Point
64 Buffels Bay
64 Buffels Bay
64 Buffels Bay
64 Buffels Bay
64 Buffels Bay
64 Buffels Bay
256

CP14
58.32
0.52
14.29
6.09
0.05
0.70
0.88
0.67
2.71
0.16
3.05
12.55
99.99

141
112
7
160
11
7
12
20
96
86
5

CP17 CP18 CP19 CP21
59.19 70.19 62.24 69.65
0.58 0.41 0.54 043
16.31 12.34 17.29 13.75
735 3.70 3.62 2.64
0.02 0.01 0.02 0.01
0.74 0.41 057 031
088 057 0.71 0.61
063 0.36 0.67 0.45
3.14 172 385 3.13
0.08 0.10 0.13 0.09
2.67 169 225 4.89
8.43 855 8.23 3.63
100.02 100.05 100.12 99.59
192 94 180 137
127 81 126 121
22 10 14 11
182 236 182 203
16 7 14 8

4 0 2 0

11 12 10 10
39 15 27 14
100 56 75 76
61 57 72 47

6 4 7 8
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Table A4.2.1continued.

Sample CP24 CP25 CP29 CP41 CP42 CP46 CP4A8 CP6 WC141 CP15

SO, 63.44 70.42 49.49 59.90 65.66 75.51 57.84 63.26 61.29 63.49
TiO, 051 041 042 046 054 036 057 0.59 0.43 0.37
AlLO, 15.36 14.14 17.05 16.07 17.10 10.67 16.59 17.12 16.38 15.46
Fe,O, 366 314 859 505 337 190 7.28 3.36 452 3.57
MnO 0.03 0.02 0.03 0.03 0.03 0.02 0.04 o0.03 0.05 0.01
MgO 0.72 031 049 065 062 149 081 0.55 1.59 043
Cao 091 082 073 115 0.73 063 100 0.81 0.86 0.88
Na,O 0.84 033 060 087 068 035 081 1.29 1.79 0.77
K,O 301 206 294 301 383 236 337 4.03 3.53 3.56
P,Ox 0.07 0.12 0.13 0.12 0.10 0.09 0.27 031 0.15 0.07
H,O- 281 241 263 266 265 143 274 1.85 1.64 2.49
LOI 870 577 1640 939 466 496 8.69 6.46 6.86 8.83
TOTAL 100.06 99.95 99.50 99.36 99.97 99.77 100.01 99.66 99.09 99.93
Rb 179 77 174 162 226 94 199 171 191 161
Sr 116 157 81 132 130 76 162 138 124 103
Y 17 6 8 18 21 11 22 10 22 25
Zr 176 134 101 150 175 187 192 205 109 183
Nb 13 7 11 10 15 5 17 20 10 7
Cu 2 1 3 4 4 2 6 4 5 1
Ni 13 7 13 11 10 15 13 10 21 11
Zn 36 10 19 21 36 12 44 25 31 14
Vv 72 90 131 71 60 40 95 67 109 46
Cr 64 45 70 66 56 69 71 39 102 52
Co 7 5 6 3 7 10 5 7 11 7
Sample Rudrer Site
No Site No
CP24 64 Buffels Bay
CP25 64 Buffels Bay
CP29 64 Buffels Bay
CP41 64 Buffels Bay
CPA42 64 Buffels Bay
CP46 64 Buffels Bay
CP48 64 Buffels Bay
CP6 67 Simonstown
WC141 67 Mill ers Point
CP15 69 Fish Hoek

257
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Table A4.2.1continued.

Sample CP26
SO, 57.56
TiO, 0.57
AlLO, 16.59
Fe,O, 5.34
MnO 0.01
MgO 0.52
CaOo 0.89
Na,O 0.56
K,O 2.24
P,O 0.30
H,O- 2.50
LOI 13.11
TOTAL 100.19
Rb 102
Sr 138
Y 6
Zr 152
Nb 10
Cu 0
Ni 10
Zn 17
Vv 132
Cr 64
Co 11
Sample Rudrer
No Site No
CP26 69
CP39 69
WC142 69
CP7 70
CP11 72
SC43 77
SC1 80
SC2 80
SC3 80
SC4 80

CP39 WC142 CP7 CPl1l1 SC43 SCi1
59.17 62.59 63.48 64.90 65.52 54.07
0.60 0.48 0.27 055 034 0.55
17.81 17.77 17.65 18.10 15.61 17.94
6.70 3.16 4.33 3.74 3.88 11.31
0.02 0.04 0.02 0.04 0.02 0.02
0.75 051 0.47 080 068 1.11
0.95 123 0.28 090 0.75 1.62
0.67 064 095 158 157 0.50
2.68 3.66 3.67 371 3.73 198
0.45 0.37 0.30 0.14 0.06 0.12
3.14 3.15 3.18 203 241 3.17
6.21 569 5.84 386 561 8.58
99.15 99.29100.44 100.35 100.18 100.97
151 172 178 174 197 103
137 222 129 171 149 301
8 20 28 31 6 25
138 171 126 163 145 250
14 13 11 18 9 10
2 3 2 5 2 12
9 10 9 9 10 40
24 25 29 20 14 36
89 62 38 49 44 154
57 59 58 29 50 144
10 8 5 8 10 15
Site
Fish Hoek
Fish Hoek
Clovelly
Lakeside
Cape Flats
Rooiels
Cape Hangklip
Cape Hangklip
Cape Hangklip
Cape Hangklip
258

SC2 SC3 SC4
71.84 57.23 63.28

0.49
15.42
1.40
0.01
0.46
0.88
0.35
2.00
0.05
2.81
3.97

0.54

0.43

20.20 17.40

6.11
0.01
0.99
1.22
1.30
3.03
0.20
2.62
6.97

4.61
0.02
0.66
0.93
1.23
3.15
0.15
2.11
6.14

99.68100.42100.11

90
143
19
285
10
0

5
10
45
32
5

152
219
9
175
13
6

7
23
91
46
7

161
162
15
147
9

2
13
21
63
65
7
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Table A4.2.1continued.

Sample SC5 SC6 SC7 SC8 SC9 SC10 SCi1 SCl2 SCi13 SCi4

SO, 68.06 67.76 64.42 62.95 61.11 68.88 60.82 66.34 69.48 62.58
TiO, 037 045 042 037 035 039 045 031 0.60 0.35
AlLO, 10.38 14.47 11.83 16.18 16.03 10.67 13.76 15.46 12.56 16.73
Fe,O, 5,66 148 6.21 4.72 373 502 6.04 407 461 4.17
MnO 0.03 0.01 0.04 0.02 0.04 0.02 0.02 0.01 0.03 0.02
MgO 0.70 046 110 061 051 086 061 052 058 0.70
Cao 0.74 076 104 075 068 092 119 101 0.75 0.98
Na,O 0.64 014 077 082 056 057 045 084 0.62 1.59
K,O 1.15 241 154 3.03 300 138 204 197 280 4.70
P,Ox 0.10 0.04 0.08 0.10 0.05 0.04 0.13 0.16 0.06 0.09
H,O- 219 214 242 214 219 238 350 217 200 2.28
LOI 8.97 942 958 812 10.79 8.87 1049 6.52 6.00 591
TOTAL  98.99 99.54 99.45 99.81 99.04 100.00 99.50 99.38 100.09100.10
Rb 64 120 109 179 158 114 110 94 99 222
Sr 117 90 157 130 94 137 227 171 143 177
Y 15 9 27 11 24 32 24 16 58 33
Zr 285 253 197 117 142 157 135 233 373 164
Nb 4 9 6 10 9 5 6 9 11 11
Cu 7 0 8 3 5 3 4 1 5 3
Ni 26 7 30 15 13 24 46 9 14 12
Zn 15 11 22 20 19 15 34 17 24 26
\% 97 50 107 127 55 102 129 49 82 46
Cr 127 48 138 75 65 131 114 65 56 38
Co 14 6 17 8 12 14 19 6 18 9
Sample Rudrer Site
No Site No
SC5 80 Cape Hangklip
SC6 80 Cape Hangklip
SC7 80 Cape Hangklip
SC8 80 Cape Hangklip
SC9 80 Cape Hangklip
SC10 80 Cape Hangklip
SC11 80 Cape Hangklip
SC12 80 Cape Hangklip
SC13 80 Cape Hangklip
SC14 80 Cape Hangklip

259
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Table A4.2.1continued.

Sample SC15 SCl6 SC17 SC18 SC19 SC20 SC21 SC22 SC23 SC24

SO, 67.91 68.35 64.28 69.16 66.26 67.58 68.11 69.89 61.72 57.56
TiO, 045 0.12 034 036 033 036 041 035 0.28 0.39
AlLO, 14.33 14.86 15.72 13.95 16.17 17.24 14.08 10.96 13.34 1541
Fe,O, 343 301 391 294 301 445 551 6.03 6.90 5.69
MnO 0.02 0.04 0.02 0.01 0.02 0.03 0.03 0.02 0.02 0.03
MgO 062 039 052 044 051 080 062 0.78 0.48 0.86
CaOo 098 060 080 08 084 094 106 0.79 118 1.59
Na,O 124 103 140 087 127 085 1.07 0.87 0.74 0.99
K,O 351 383 388 233 336 09 250 198 290 274
P,Ox 0.06 0.08 0.06 0.07 0.08 0.08 024 014 0.05 0.07
H,O- 206 202 178 197 316 169 205 209 339 341
LOI 461 527 686 659 484 491 400 560 895 11.13
TOTAL  99.22 99.60 99.57 99.54 99.85 99.89 99.68 99.50 99.95 99.87
Rb 130 297 225 108 196 67 103 133 142 133
Sr 129 88 114 114 190 130 234 134 215 228
Y 29 46 26 17 20 71 10 40 38 97
Zr 196 108 165 142 163 209 244 114 171 128
Nb 11 10 10 8 10 12 11 7 10 7
Cu 4 2 4 0 1 1 6 7 2 0
Ni 10 10 9 9 8 9 5 22 9 18
Zn 17 13 20 12 17 27 15 17 15 37
\% 56 16 45 47 37 52 61 105 52 66
Cr 36 32 40 45 28 62 43 82 64 49
Co 8 5 8 5 6 6 8 11 9 11
Sample Rudrer Site
No Site No
SC15 80 Cape Hangklip
SC16 80 Cape Hangklip
SC17 80 Cape Hangklip
SC18 80 Cape Hangklip
SC19 80 Cape Hangklip
SC20 80 Cape Hangklip
SC21 80 Cape Hangklip
SC22 80 Cape Hangklip
SC23 80 Cape Hangklip
SC24 80 Cape Hangklip

260
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Table A4.2.1continued.

Sample SC25 SC26 SC98 SC74 SC75 SC81 SCB82 SC83 SC84 SC85

SO, 65.94 56.45 70.12 65.77 69.95 71.47 5553 65.26 65.23 62.43
TiO, 047 095 059 035 033 059 048 037 045 0.47
AlLO, 17.08 17.26 13.20 15.73 12.74 10.32 17.56 17.62 15.08 15.81
Fe,O, 359 805 433 512 533 496 499 460 450 4.48
MnO 0.01 004 002 001 0.01 004 0.02 0.04 0.02 0.02
MgO 052 175 054 068 063 079 038 0.66 099 0.54
Cao 057 138 0.10 097 0.75 127 039 098 1.00 1.13
Na,O 1.22 198 037 124 072 084 043 047 182 0.87
K,O 342 400 290 304 154 110 257 086 291 3.25
P,Ox 0.11 005 0.12 0.15 0.04 005 0.11 0.14 o0.07 o0.08
H,O- 183 251 286 185 217 193 224 168 182 3.35
LOI 470 520 464 472 535 6.14 1491 7.06 578 7.35
TOTAL 99.46 99.62 99.79 99.63 99.56 99.50 99.61 99.74 99.67 99.78
Rb 139 184 107 120 70 61 152 50 120 182
Sr 110 268 90 196 131 150 65 123 149 191
Y 17 26 15 36 12 25 11 31 34 16
Zr 205 179 303 231 206 336 176 219 167 174
Nb 11 18 16 11 7 9 9 12 8 10
Cu 2 16 6 3 2 8 7 4 4 3
Ni 7 42 8 10 8 19 10 11 15 9
Zn 15 62 25 14 12 10 21 21 33 18
\ 55 167 73 56 53 69 92 58 65 74
Cr 42 164 39 75 49 102 59 87 58 55
Co 8 21 7 6 10 15 10 10 15 5
Sample Rudrer Site
No Site No
SC25 80 Cape Hangklip
SC26 80 Cape Hangklip
SCo8 81 Palmiet River
SC74 82 Hawston
SC75 82 Hawston
SC81 82 Hawston
SC82 82 Hawston
SC83 82 Hawston
SC84 82 Hawston
SC85 82 Hawston
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Table A4.2.1continued.

Sample SC86 SC87 SC88 SC89
SO, 57.73 64.58 72.83 61.00
TiO, 049 034 0.36 0.84
AlLO, 16.67 14.75 13.37 15.48
Fe,O, 436 3.06 573 6.32
MnO 0.02 0.03 0.02 0.04
MgO 0.60 035 057 131
Cao 147 1.03 056 1.64
Na,O 0.66 148 0.69 0.95
K,O 253 4.06 155 249
P,Ox 0.09 0.08 0.09 0.07
H,O- 3.72 205 127 2.65
LOI 11.20 7.86 245 7.05
TOTAL 99.54 99.67 99.49 99.84
Rb 150 209 73 125
Sr 265 144 96 233
Y 11 24 14 29
Zr 236 159 220 166
Nb 10 9 8 16
Cu 3 3 5 13
Ni 11 10 13 30
Zn 20 19 13 40
\ 78 41 55 126
Cr 63 44 73 119
Co 8 7 11 15
Sample Rudrer Site

No Site No

SC86 82 Hawston
SC87 82 Hawston
SC88 82 Hawston
SC89 82 Hawston
SCa0 82 Hawston
WC140 82 Hawston
SC47 85 DieK€dders
SC95 86 Ganshaa
SC79 87 Sandy Bay
SC92 87 Sandy Bay

SC90 WC140 SC47

65.55
0.60
14.29
4.74
0.02
0.57
0.82
0.49
3.39
0.15
2.57
6.23
99.42

111
181
12
314
12
7
13
26
81
50
5

262

69.49
0.62
11.39
5.34
0.03
0.49
1.10
0.43
1.18
0.07
2.94
7.18

61.84
0.27
14.81
4.54
0.02
0.64
1.21
0.69
1.44
0.08
2.81
11.01

SC95
62.94
0.29
14.74
5.07
0.02
0.58
1.06
0.48
2.35
0.06
4.20
8.24

100.26 99.36100.03

55
151
29
253
9

3
17
16
101
96
7

63
134
23
180
8

3
11
16
57
83
12

120
114
42
227
13
0
10
11
51
71
6

SC79
69.99
0.32
13.98
2.57
0.02
0.63
0.83
1.72
3.92
0.08
1.49
4.30
99.85

195
147
14
158
10
2

7
13
37
22
3

SC92
62.45
0.59
14.43
4.68
0.02
0.67
1.29
0.86
1.15
0.08
2.69
10.58
99.49

58
171
66
276
13
0
11
15
78
160
7
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Table A4.2.1continued.

Sample SC105 SC27 SC28 SC29 SC30 SC31 SC32 SC33 SC34 SC35

SO, 68.06 64.32 67.97 67.39 68.24 75.50 58.45 67.23 64.19 62.09
TiO, 058 0.63 046 046 042 063 025 0.33 0.69 0.29
AlLO, 14.31 12.01 15.19 14.68 13.98 11.02 15.79 18.32 13.50 16.14
Fe,O, 394 912 357 421 411 374 740 321 501 398
MnO 0.03 0.09 001 0.02 0.02 0.02 0.02 0.02 0.03 0.01
MgO 099 097 054 120 053 090 061 062 0.89 0.58
CaOo 087 066 081 227 083 066 093 092 112 1.21
Na,0O 0.70 049 097 083 121 068 0.77 050 0.77 0.72
K,O 153 177 283 116 321 139 251 0.74 201 202
P,O 0.16 0.03 024 0.06 008 005 005 0.14 0.06 0.10
H,O- 283 193 291 242 196 232 222 263 277 3.26
LOI 6.44 762 407 567 626 396 11.66 4.99 9.24 9.63
TOTAL 100.44 99.64 99.57 100.37 100.85 100.87 100.66 99.65 100.28100.03
Rb 79 98 124 73 123 73 117 48 100 84
Sr 148 126 176 211 149 126 146 139 183 182
Y 24 28 15 38 7 10 57 48 15 13
Zr 289 260 236 191 229 258 173 216 272 170
Nb 12 11 11 7 10 9 7 9 10 8
Cu 1 12 3 0 4 5 2 0 8 0
Ni 19 40 6 20 9 19 13 10 22 9
Zn 12 34 15 9 13 17 15 27 22 28
Vv 87 166 54 80 53 100 58 49 114 51
Cr 105 126 33 83 47 96 92 73 115 78
Co 7 32 6 19 1 8 4 5 12 7
Sample Rudrer Site
No Site No
SC105 87 Sandy Bay
SC27 88 Pealy Beat
SC28 88 Pealy Beat
SC29 88 Pealy Beat
SC30 88 Pealy Beat
SC31 88 Pealy Beat
SC32 88 Pealy Beat
SC33 88 Pealy Beat
SC34 88 Pealy Beat
SC35 88 Pealy Beat
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Table A4.2.1continued.

Sample SC36 SC37 SC38

SO, 63.62 63.96 66.15 71.57
TiO, 0.77 0.74 0.36 0.70
AlLO, 15.52 13.20 12.73 13.60
Fe,O, 393 532 438 8.29
MnO 0.02 0.03 0.02 0.16
MgO 1.07 1.07 127 2.06
CaOo 1.12 1.00 3.70 0.87
Na,0O 053 0.71 0.67 0.16
K,O 152 178 1.09 1.98
P,O 0.06 0.08 0.03 0.03
H,O- 3.25 315 3.07 0.01
LOI 870 9.60 7.35 0.45
TOTAL 100.11100.64 100.82

Rb 85 92 84 92
Sr 189 194 238 58
Y 25 12 52 20
Zr 271 250 127 198
Nb 10 10 5 15
Cu 0 7 0 28
Ni 22 24 24 62
Zn 15 23 12 40
\Y 118 117 84 183
Cr 105 118 80 358
Co 16 16 41 13
Sample Rudrer Site

No Site No

SC36 88 Pealy Beat
SC37 88 Pealy Beat
SC38 88 Pealy Beat
SC9o7 89 Quoin Point
SC101 89 Quoin Point
SC106 89 Quoin Point
SC128 89 Die Dam
SC104 90 Die Lagoon
SC110 90 Die Lagoon
SC113 90 Die Lagoon

67.77
0.37
13.61
3.52
0.02
0.52
0.69
0.84
3.73
0.04
1.85
7.25

195
140
21
231
12
4
11
16
53
53
-
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65.11
0.35
17.76
3.50
0.03
0.72
1.13
0.91
0.97
0.17
2.54
7.67

99.88 100.21 100.86

39
181
52
214
13
0
10
14
62
75
6

68.76 56.45
0.30 0.58
14.02 15.34
3.97 6.10
0.02 0.52
0.40 3.3
1.03 3.56
0.50 0.80
2.12 281
0.13 0.07
299 194
5.26 9.76
99.50 101.06
104 139
206 412
39 32
281 183
12 13

0 32

8 51

11 63
46 106
62 130

5 10

SC97 SC101 SC106 SC128 SC104 SC110 SC113

72.45 63.65
0.66 0.76
10.77 15.94
3.83 440
0.03 0.01
091 1.37
1.33 113
0.69 0.80
140 1.64
0.20 0.11
203 281
553 7.84
99.83 100.46
73 88
196 181
16 29
242 261
13 14

7 1

15 26
18 17
93 123
86 111

7 10
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Table A4.2.1continued.

Sample SC80 SC125 SC103 SC116 SC102 SC115 SC41 SC42 SC4A5 SC46
SO, 69.28 66.19 63.70 68.25 67.01 65.65 58.45 71.49 67.32 68.21
TiO, 054 029 024 072 028 054 054 053 051 0.59
AlLO, 14.88 14.95 12.36 14.07 13.84 13.71 15.83 13.52 13.75 15.11
Fe,O, 591 438 6.39 363 748 420 5.03 393 399 4.04
MnO 0.03 0.04 0.03 0.02 0.02 0.03 0.02 0.03 0.03 0.01
MgO 1.04 051 058 115 047 086 092 130 133 0.64
CaOo 065 071 121 070 103 139 140 127 161 0.94
Na,0O 066 1.07 072 099 0.72 182 074 105 0.93 0.90
K,O 190 242 292 178 237 356 245 129 133 1.88
P,Ox 0.09 0.07 0.08 0.13 0.08 0.04 020 0.15 0.27 0.08
H,O- 077 236 261 237 241 188 358 186 239 281
LOI 390 6.88 941 6.02 510 575 11.27 3.75 6.99 4.73
TOTAL  99.65 99.87 100.25 99.83 100.81 99.43 100.43 100.17 100.45 99.94
Rb 124 117 130 83 108 166 152 44 66 86
Sr 93 135 248 168 322 186 130 153 83 112
Y 25 35 44 25 52 39 61 33 19 19
Zr 298 231 186 318 210 336 243 357 437 314
Nb 9 11 11 13 14 15 14 7 9 9
Cu 11 0 6 1 3 3 1 15 15 1
Ni 31 12 13 22 11 15 22 58 66 16
Zn 28 16 12 13 13 28 36 38 34 22
Vv 123 46 51 108 48 57 87 81 87 90
Cr 138 75 88 108 75 62 82 106 118 67
Co 18 10 6 8 5 8 16 26 27 9
Sample Rudrer Site
No Site No
SC80 91 Cape Agulhas
SC125 92 Arniston
SC103 93 Ryspurt, Arniston
SC116 93 Rysbad
SC102 94 Skipskop
SC115 94 Skipskop
SC41 101 Still Bay
SC42 103 Fish Bay
SC45 103 Fish Bay
SC46 103 Fish Bay
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Table A4.2.1continued.

Sample SC49
SO, 69.16
TiO, 0.53
AlLO, 10.87
Fe,O, 4.84
MnO 0.02
MgO 0.50
CaOo 0.95
Na,O 0.65
K,O 1.85
P,O 0.05
H,O- 2.34
LOI 7.68
TOTAL  99.44
Rb 91
Sr 116
Y 34
Zr 484
Nb 8
Cu 4
Ni 14
Zn 19
Vv 76
Cr 69
Co 14
Sample Rudrer

No Site No

SC49 103

SC50 103

SC51 103

SCh2 103

SC53 103

SC76 104
SC121 104
SC124 104
SC108 106
SC114 107

SC50 SCb1 SCbh2
67.50 70.33 61.53
044 050 0.54
13.65 13.25 17.00
529 4.02 4.86
0.02 0.04 0.04
096 1.17 0.91
1.03 152 1.16
153 0.71 0.71
266 1.72 210
0.07 0.11 0.16
1.16 198 4.14
548 4.23 6.49
99.79 99.58 99.64
108 85 115
115 148 153
52 34 49
177 271 291
9 8 10
4 6 7
13 23 41
37 37 30
60 93 108
52 83 110
7 7 15
Site
Fish Bay
Fish Bay
Fish Bay
Fish Bay
Fish Bay
Flesh Bay
Flesh Bay
Flesh Bay
Klein Brak
Groot Brak River

SC53
71.20
0.33
13.25
3.90
0.02
0.39
0.61
1.53
2.97
0.04
2.08
3.29
99.61

151
96
16

218

8
2
10
20
51
50
8
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SC76 SC121 SC124 SC108 SC114

77.70
0.51
8.41
3.34
0.04
0.53
0.70
0.34
0.74
0.06
1.72
5.60

99.69

31
94
12
344
8
11
13
28
62
61
8

64.34 56.92 62.22
042 052 0.52
16.11 14.79 17.46
454 433 5.73
0.03 0.02 0.02
096 159 0.84
1.04 825 1.15
1.36 056 1.16
3.57 111 1.79
0.15 0.13 0.05
238 212 3.50
495 990 6.39
99.85 100.24 100.83
238 34 121
160 302 173
59 11 39
256 237 258
15 12 16

2 3 2

20 19 17
29 14 26
56 105 81
63 108 82

8 7 7

61.15
0.64
12.91
6.00
0.08
1.11
0.91
0.94
1.88
0.14
2.79
8.56
97.11

82
142
17
257
12
13
28
41
123
169
8
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Table A4.2.1continued.

Sample SC117 SC120 SC127 SC39 SC44 SC122 SC96 SC100 SC109 SC77

SO, 59.65 65.69 60.34 60.34 64.45 70.60 65.55 67.63 74.75 74.45
TiO, 040 014 045 060 050 037 036 055 0.76 0.54
AlLO, 18.41 15.98 10.57 16.21 15.45 12.81 15.74 12.52 10.55 8.33
Fe,O, 823 265 533 916 475 475 6.10 535 382 3.25
MnO 0.01 003 001 002 0.02 001 0.02 0.02 0.02 o0.03
MgO 0.66 059 044 059 103 104 0.72 086 054 0.62
Cao 1.01 080 103 081 071 058 104 134 1.07 0.87
Na,0O 145 226 037 0.73 182 1225 127 0.69 0.55 0.46
K,O 326 368 120 422 220 245 143 095 0.84 0.52
P,O 0.07 024 0.10 038 0.15 019 0.10 0.06 0.09 0.06
H,O- 288 188 338 131 289 130 314 206 274 2.38
LOI 430 588 1289 541 6.08 411 445 754 459 8.01
TOTAL 100.33 99.82 96.11 99.78 100.05110.46 99.92 99.57 100.32 99.52
Rb 215 247 80 205 124 nd 74 53 59 24
Sr 187 103 112 121 100 nd 241 124 169 100
Y 24 15 18 31 19 nd 18 17 35 20
Zr 128 84 309 228 201 nd 168 278 667 322
Nb 16 12 8 20 11 nd 12 12 16 7
Cu 5 2 0 10 4 5 3 4 2 6
Ni 15 10 15 13 14 15 16 17 16 11
Zn 26 26 12 46 28 25 26 26 16 17
\ 62 26 96 101 75 nd 66 94 75 66
Cr 62 52 101 71 87 nd 79 102 84 81
Co 5 6 5 8 9 nd 7 7 9 10
Sample Rudrer Site
No Site No
SC117 107 Groot Brak River
SC120 107 Groot Brak River
SC127 107 Groot Brak River
SC39 109 Oakhurst
SC44 109 Oakhurst
SC122 109 Oakhurst
SC96 110 Sedgefield
SC100 110 Sedgefield
SC109 110 Sedgefield
SC77 111 Goukamma River
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Table A4.2.1continued.

Sample SC78
SO, 69.93
TiO, 0.59
AlLO, 11.35
Fe,O, 4.42
MnO 0.04
MgO 0.67
CaOo 0.85
Na,O 0.81
K,O 1.45
P,O 0.06
H,O- 2.41
LOI 7.28
TOTAL  99.86
Rb 101
Sr 132
Y 20
Zr 612
Nb 10
Cu 4
Ni 20
Zn 17
Vv 76
Cr 92
Co 15
Sample Rudrer

No Site No

SC78 111

SC40 113

SC119 119
SC126 119
SC54 120
SC55 120
SC56 120
SC62 120
SC63 120
SC64 120

SC40 SC119 SC126

60.12
0.79
15.65
7.66
0.03
1.15
0.66
4.83
2.53
0.12
1.33
4.93
99.80

127
92
15

457
14
11
27
39

152

146

9

72.83
0.50
10.18
4.62
0.01
0.39
1.07
0.26
1.44
0.20
2.53
5.22

69.49
0.63
12.79
4.87
0.02
0.84
0.95
0.28
2.22
0.17
2.98
4.79

99.25 100.03

78
154
17
186
10
6
20
20
102
105
5

Site

Goukamma River

116
154
27
318
13
4
16
25
92
119
8

Robberg cave
Goedgel oof

Goedgel oof

Kromme Bay
Kromme Bay
Kromme Bay
Kromme Bay
Kromme Bay
Kromme Bay

SC54
75.95
0.58
8.99
411
0.02
0.78
0.86
0.41
1.35
0.26
2.45
3.85
99.61

62
111
17
253
7

5
24
34
106
218
15
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SC55
78.32
0.56
8.25
3.38
0.01
0.47
0.67
0.54
0.94
0.12
1.65
4.69
99.60

53
102
18
460
8

3
14
18
77
79
9

SC56 SC62
78.67 nd
0.65 nd
8.18 nd
3.46 nd
0.02 nd
0.46 nd
0.63 nd
0.42 nd
1.23 nd
0.12 nd
2.08 nd
3.67 nd
99.59 nd
45 92
173 111
32 17
338 174

7 9

5 9

12 27

16 41

76 157

90 269

9 9

SC63
61.57
0.59
15.02
6.52
0.03
0.83
2.67
0.50
1.43
0.06
4.16
6.48
99.86

73
231
20
288

23
26
120
119
11

SCo64
80.75
0.52
7.35
4.06
0.02
0.35
0.68
0.45
0.83
0.11
1.58
3.16
99.86

45
103
19
475

13
15
74
89
13
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Table A4.2.1continued.

Sample SC65 SC66 SC67 SC68 SC69 SC70 SC71 SCr72 SC73 SC57

SO, 65.21 69.09 74.86 80.04 66.61 69.49 54.22 57.88 72.96 65.15
TiO, 063 056 060 059 071 084 148 062 0.62 0.67
AlLO, 16.37 1196 8.84 8.71 13.16 11.81 15.98 13.88 9.99 15.32
Fe,O, 742 433 370 279 6.77 4.72 10.00 6.13 4.67 5.69
MnO 0.03 0.03 nd 003 003 002 021 002 0.03 0.01
MgO 1.06 069 057 047 239 079 355 0.74 0.72 0.87
CaOo 268 111 097 066 090 1.08 6.16 143 1.09 0.99
Na,0 060 032 051 053 080 080 158 0.66 0.43 0.46
K,O 162 155 103 119 222 197 083 160 1.33 203
P,Ox 0.112 0.123 0.23 0.15 0.19 0.12 0.13 0.17 0.10 0.20
H,O- 0.78 366 255 09 131 230 160 381 163 262
LOI 3.21 6.18 576 358 558 584 3.78 12.84 586 5.76
TOTAL  99.72 99.61 99.62 99.70 100.67 99.78 99.52 99.78 99.43 99.77
Rb 108 88 64 55 105 95 29 68 68 104
Sr 132 141 123 98 148 170 259 154 113 194
Y 25 19 20 22 33 34 25 16 21 26
Zr 332 365 405 425 382 406 208 307 271 301
Nb 12 8 8 8 12 13 11 8 9 11
Cu 65 5 3 8 13 11 65 4 6 11
Ni 27 22 14 15 25 19 133 16 26 21
Zn 30 28 19 23 35 30 49 21 36 42
Vv 125 95 81 94 134 114 258 120 120 113
Cr 140 105 93 89 122 99 398 136 239 118
Co 9 13 15 22 15 10 53 8 15 9
Sample Rudrer Site
No Site No
SC65 120 Kromme Bay
SC66 120 Kromme Bay
SC67 120 Kromme Bay
SC68 120 Kromme Bay
SC69 120 Kromme Bay
SC70 120 Kromme Bay
SC71 120 Kromme Bay
SC72 120 Kromme Bay
SC73 120 Kromme Bay
SC57 121 Jeffrey's Bay
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Table A4.2.1continued.

Sample

SO, 67.60
TiO, 0.55
AlLO, 13.32
Fe,O, 5.21
MnO 0.05
MgO 0.87
Cao 1.03
Na,O 0.53
K,O 1.47
P,Ox 0.14
H,O- 3.23
LOI 5.84
TOTAL 99.84
Rb 77
Sr 194
Y 21
Zr 278
Nb 8
Cu 6
Ni 31
n 26
\ 110
Cr 103
Co 17
Sample Rudrer

No Site No

SC58 121

SC59 121

SC60 121

SC61 121

SC48 124
SC107 130
SCa3 139
SC94 139
SCa1 147
SC111 147

nd nd
nd nd
nd nd
nd nd
nd nd
nd nd
nd nd
nd nd
nd nd
nd nd
nd nd
nd nd
nd nd
126 57
215 81
34 19
315 295
11 10
9 23
31 33
33 58
132 111
144 233
34 17
Site
Jeffrey's Bay
Jeffrey's Bay
Jeffrey's Bay
Jeffrey's Bay

SC58 SC59 SC60 SC61

nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd

104
112
21
197
9

6
21
40
107
104
13

SC48 SC107
75.27 72.81
0.62 0.65
10.05 11.76
470 6.04
0.02 0.02
0.87 0.97
0.87 0.46
0.53 0.74
143 171
0.06 0.03
1.27 1.09
3.93 3.70
99.62 99.98
81 88
194 68
17 8
258 143
8 14

9 8

29 18
36 33
125 149
248 145
13 6

Gamtoos River mouth

The Will ows, PE

Perdekloof
Perdekloof
Kleinmond
Kleinmond

270

SC93
64.12
0.33
19.70
5.27
0.03
0.49
0.69
1.12
3.46
0.30
1.24
3.04
99.79

218
125
18
119
13
5
15
23
60
61
8

SC94
62.16
1.00
13.27
5.02
0.02
1.09
1.60
0.64
1.68
0.11
3.42
9.71

SC91 SCl111
72.86 61.83
042 049
9.43 1555
456  4.57
0.04 0.02
1.18 0.72
0.85 0.90
0.52 1.13
1.32 3.92
0.04 0.08
1.71 223
7.57 9.11

99.72 100.50 100.55

89
259
32
486
16
7
23
48
146
304
7

72
92
20
236
9
12
34
28
78
138
9

190
156
18
244
21
1

8
30
56
25
6
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Table A4.2.1continued.

Sample WC12 WC41 WC42 WC43 WC51 WC56 WC68 WC80 WC86 SC99

SO, 60.18 69.15 55.40 62.56 57.99 61.88 63.57 61.51 59.60 61.64
TiO, 054 073 113 061 022 074 032 051 0.24 0.37
AlLO, 16.85 13.67 14.68 17.67 17.63 15.31 14.56 16.73 18.61 15.18
Fe,O, 595 642 1135 941 401 534 4.08 538 457 342
MnO 0.05 0.10 0.16 024 0.05 0.08 0.03 0.05 0.04 0.02
MgO 093 107 310 226 052 127 077 109 0.72 0.54
CaO 0.74 146 450 104 051 124 085 145 112 142
Na,0O 156 1.12 0.71 046 065 122 085 122 0.59 0.79
K,O 312 234 132 273 332 432 330 376 287 3.69
P,O 0.09 009 023 020 064 0.08 0.08 0.14 0.12 0.08
H,O- 126 069 178 036 394 150 227 156 343 3.36
LOI 9.08 215 452 171 1047 6.50 8.66 6.05 7.49 10.06
TOTAL 100.35 98.99 98.88 99.25 99.95 99.48 99.34 99.45 99.40100.57
Rb 162 219 23 159 180 221 179 158 167 139
Sr 87 125 197 158 224 135 147 289 236 224
Y 16 39 25 36 32 81 11 54 13 10
Zr 196 298 153 191 103 1174 148 167 96 136
Nb 14 17 12 13 9 20 9 14 10 11
Cu 7 20 86 51 3 9 2 5 1 2
Ni 16 31 48 40 10 14 12 12 8 9
Zn 48 58 72 119 38 36 14 47 20 11
Vv 68 123 226 155 35 67 45 60 51 45
Cr 70 145 206 124 64 55 34 47 50 41
Co 8 14 42 19 10 7 4 8 6 6
Sample Rudrer Site

No Site No

WC12 X Ceres

WC41 X Beesdam, Carnavon

WC42 X Peeboam, Carnavon

WC43 X Vlakmyn, van Rhynsdorp area

WC51 X Hopefield

WC56 X Komkans, van Rhynsdorp area

wWC68 X Springfield (Cape Agulhas areg

WC80 X Holbad, Vredenbug

WC86 X Hopefield

SC99 X Vermont (Hawston areg
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Table A4.2.1continued.

Sample SC112 SC118 SC123 WC144
Sio, 58.22 69.51 73.21 63.59
Tio, 037 048 073 0.77
AlLLO, 13.75 11.50 851 18.24
Fe,0, 10.77 6.22 3.98 7.39

MnO 0.04 0.03 0.02 0.08

MgO 0.67 0.68 0.73 2.17

CaOo 1.12 061 1.76 2.36

Na,0O 1.08 051 0.32 1.57

K,O 426 146 0.92 1.72

P,O 0.09 0.14 0.03 0.10

H,O- 210 1.00 1.98 0.34

LOI 743 6.78 7.93 1.02

TOTAL 99.90 98.92100.12 99.35

Rb 278 93 50 102

Sr 219 88 201 153

Y 100 18 20 20

Zr 194 385 328 244

Nb 17 12 14 13

Cu 5 16 7 21

Ni 18 23 18 37

Zn 26 17 8 54

\Y 51 112 87 167

Cr 92 134 113 178

Co 10 12 7 14

Sample Rudrer Site

No Site No

SC112 X Die Grys, Bredasdorp area
SC118 X Struisbad (Cape Agulhas areg
SC123 X KoppeAlleen (east of Arniston)
WC144 X Cape Peninsula surface
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Table A4.2.2.Datafor the Namibian coastal sherds.

bzl15 bzl6 bz18 bzl9 bz20 bz30 bz36 bz37 mx D34

SO, 61.58 54.66 66.14 57.49 56.17 59.99 60.28 50.05 56.12 60.27
TiO, 021 070 037 030 074 034 087 137 0.72 0.78
AlLO, 18.59 19.04 14.33 18.07 19.06 19.58 16.06 15.61 19.58 17.28
Fe,O, 365 504 371 306 518 468 6.17 941 549 6.09
MnO 0.07r 0.04 005 003 005 011 0.05 0.17 0.06 0.07
MgO 055 09 073 114 104 089 087 307 113 139
Cao 160 111 104 157 111 110 096 6.14 1.02 2.02
Na,0 3.03 414 210 254 108 480 144 128 161 264
K,O 343 6.17 393 478 6.37 393 394 307 6.32 4.01
P,Os 005 009 019 0.3 011 o0.07r 0.10 0.39 0.08 0.16
H,O- 081 118 061 136 117 095 132 113 143 1.05
LOI 510 6.99 6.64 960 820 3.75 839 7.71 6.35 4.24
TOTAL 98.67 100.12 99.84 100.07 100.28 100.19 100.45 99.40 99.91 100.00
Rb 146 236 177 200 233 304 174 125 229 201
Sr 242 169 112 149 159 72 111 558 159 167
Y 22 26 26 18 25 66 65 63 25 46
Zr 85 369 192 9 365 106 279 339 373 412
Nb 13 21 13 20 20 68 18 19 19 24
Cu 12 18 10 3 14 21 12 15 15 19
Ni 15 18 15 11 18 17 18 38 20 22
Zn 43 41 30 30 43 81 66 97 41 64
\Y 87 128 53 43 128 49 9 180 120 93
Cr 74 73 62 38 75 67 56 136 82 55
Co 3 11 4 2 13 1 5 26 12 10

bz15: Meob Bay
bz16: Meob Bay
bz18: Meob Bay
bz19: Meob Bay
bz20: Meob Bay
bz30: Meob Bay
bz36: Meob Bay
bz37: Meob Bay
mX: Meob Bay
D34 Kuiseb River mouth
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Table A4.2.2continued.

D35 D36 &k21 ak22 WC58 WC65

SO, 62.61 62.85 60.71 59.76 64.31 63.45
TiO, 0.37 0.72 072 084 111 0.35
AlLO, 17.14 15.82 17.29 13.70 12.77 19.60
Fe,O, 495 595 595 9.07 841 4.83
MnO 0.07 0.112 0.07 0.08 0.13 0.10
MgO 1.01 085 154 206 198 1.04
CaO 1.37 124 200 168 180 1.18
Na,O 288 208 251 104 121 217
K,O 3.89 385 431 236 216 3.66
P,Ox 0.10 0.16 0.12 0.09 0.14 0.14
H,O- 0.71 082 083 124 081 0.36
LOI 434 584 514 822 471 254
TOTAL 99.44 100.29 101.19 100.14 99.54 99.42
Rb 199 233 185 92 128 210
Sr 124 115 195 155 135 78
Y 53 34 39 22 59 20
Zr 181 215 357 152 337 128
Nb 27 53 25 13 16 20
Cu 19 25 23 109 38 17
Ni 21 25 19 48 31 18
n 66 82 66 79 79 55
\ 62 90 89 188 217 58
Cr 61 65 51 174 141 94
Co 6 8 12 15 22 13
D35: Kuiseb River mouth

D36: Kuiseb River mouth

ak2l: Kuiseb River mouth
ak22: Chamois Bay
WC58.  Clarata

WC65: Swakopmund
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Table A4.2.3.Datafor the Namaqualand sherds.

vm51 vm52 vm53 vm57 vm58 vm59 vm60 vm6l

SO, 68.35 54.65 74.14 61.54 53.93 35.56 62.57 75.28
TiO, 062 074 039 0.77 133 057 079 044
AlLO, 12.88 10.63 10.86 13.71 33.71 9.15 13.70 9.74
Fe,O, 6.40 7.76 414 860 3.40 591 843 470
MnO 0.18 0.11 001 0.11 0.09 0.09 0.10 0.03
MgO 085 341 028 106 0.27 791 108 0.64
Cao 1.77 10.40 0.82 193 0.45 19.15 197 0.74
Na,O 144 157 056 145 0.08 125 146 0.38
K,O 332 069 161 259 073 053 268 1.69
P,Os 0.19 0.09 004 013 016 031 0.12 0.12
H,O- 048 160 225 183 088 211 171 151
LOI 210 7.72 356 469 334 17.34 450 3.74
TOTAL 98.58 99.37 98.66 98.41 98.37 99.88 99.11 99.01
Rb 150 18 124 82 17 21 84 71
Sr 144 329 169 157 174 550 155 72
Y 40 18 15 40 20 43 41 22
Zr 350 132 125 974 375 64 970 203
Nb 24 11 8 44 17 21 44 13
Cu 22 30 5 49 19 26 46 15
Ni 29 29 14 30 23 49 31 24
Zn 57 60 19 63 28 61 63 40
Vv 104 211 95 217 130 201 225 99
Cr 76 88 63 102 251 111 107 102
Co 26 29 17 32 8 18 32 17

vm51 7355 Augrabies

vm52 7354 Rooidam

vm53 436 Bushmanland
vm57 7052 Gordona

vm58 7054 Rooidam (red slip)
vm59 7054 Rooidam (red slip)
vmo60 7052 Gordona

vmo61l 7052 Gordona
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Table A4.2.4.Datafor the sherds from the Cape Folded Belt and the Karoo.

SO,
TiO,
AlLO,
Fe,O,
MnO
MgO
CaOo
Na,O
K,O
P,Ox
H,O-
LOI

TOTAL

Rb
S
Y
Zr
Nb
Cu
Ni
Zn
\Y
Cr
Co

vm35
vm36
vm37
vm38
vm39
vm40
vm4l
vm42
vm43

vm35 vm36 vm37
73.67 64.91 68.93
0.64 0.88 0.66
11.67 15.11 14.52
5.08 8.63 6.16
0.03 0.15 0.07
0.66 2.16 1.70
0.62 0.84 0.53
0.21 1.17 111
225 219 284
0.20 0.20 0.20
0.88 0.68 0.44
242 191 1.32
98.33 98.83 98.48
nd nd nd
nd nd nd
nd nd nd
nd nd nd
nd nd nd
nd nd nd
nd nd nd
nd nd nd
nd nd nd
nd nd nd
nd nd nd
7251 Aspoat
7251 Aspoat
7251 Aspoat

7246 ?7Doornriver
7246 ?7Doornriver
7246 ?7Doornriver
7246 ?7Doornriver

vma38
75.93
0.44
13.30
2.57
0.02
0.39
0.47
0.20
0.95
0.26
1.79
3.48
99.80

nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd

7247 Matjiesriver shelter

7265 ?Karoo

Biegjiesfontein, Victoria West

vm39
63.89
0.62
10.35
10.12
0.05
1.20
0.90
0.70
2.58
0.44
2.50
6.45
99.80

nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
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vm40
62.14
0.91
13.17
9.61
0.19
0.80
0.47
0.16
1.74
0.32
1.89
7.12
98.52

nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd

vm4l
66.75
0.64
12.00
6.93
0.12
2.09
0.88
0.65
2.13
0.38
1.94
4.37
98.88

nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd

vm42
61.22
0.76
19.82
8.20
0.13
1.96
0.89
1.18
3.39
0.12
0.52
1.55
99.74

nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd

vm43
64.73
0.43
15.81
4.40
0.06
0.34
0.91
1.14
5.06
0.49
1.32
3.78
98.47

nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd

vw
59.67
0.92
15.64
7.91
0.10
2.58
2.94
1.13
2.13
0.20
2.16
4.32
99.70

78
169
28
195
14
25
26
85
173
240
37
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Table A4.2.4continued.

vm45 vm47 vm49 vm50 vm54 vm55 WC12 vm56 vm62 vm63

SO, 63.50 56.95 58.88 61.35 60.54 58.96 60.18 61.56 66.23 50.37
TiO, 072 078 096 059 056 055 054 052 034 0.83
AlLO, 16.58 15.08 14.16 16.45 16.44 15.96 16.85 12.43 13.08 14.70
Fe,O, 594 960 915 577 635 533 595 466 4.08 9.19
MnO 006 020 0.13 0.04 004 004 005 0.02 0.03 0.10
MgO 195 358 334 132 068 086 093 0.78 047 4.27
Cao 189 523 563 099 069 095 074 040 1.06 6.75
Na,0 1.30 100 159 113 145 213 156 042 113 1.34
K,O 320 106 113 3.00 3.03 309 312 270 3.00 1.15
P,Os 0.18 0.13 0.23 0.17 0.08 0.09 0.09 0.17 0.09 0.78
H,O- 085 213 114 157 124 181 126 176 196 242
LOI 238 420 433 597 870 916 9.08 1390 7.26 6.54
TOTAL 98.55 99.94 100.67 98.35 99.80 98.93 100.35 99.32 98.73 98.44
Rb nd 40 33 127 167 158 162 93 164 34
Sr nd 157 217 219 87 103 87 59 102 192
Y nd 21 16 14 11 10 16 10 20 18
Zr nd 159 148 205 195 185 196 241 137 128
Nb nd 10 11 11 15 14 14 8 10 10
Cu nd 67 53 18 7 6 7 14 2 59
Ni nd 76 55 18 11 10 16 22 10 67
Zn nd 89 63 73 49 51 48 49 22 81
\Y nd 229 219 133 70 64 68 100 59 224
Cr nd 328 276 74 61 49 70 99 57 355
Co nd 56 47 20 24 18 8 19 15 42

vma5s 5709 VictoriaWest

vma7 5768 Aliwa North

vm49 8227. Oskloof, Beaufort West
vm50 8227. Oskloof, Beaufort West
vmb54 6879 Ceres (spou and bess $erd)
vmb5 6879 Ceres

WC12 Ceres

vm56 6269 Waterkloof Cave, Oudtshoan
vmo62 1121 Smithfield

vmo63 1121 Smithfield
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Table A4.2.4continued.

vme4 vm65 vmee Vm48 WC41 WC42 vm2 vm30 vm3l vm32

SO, 58.07 59.65 58.23 60.71 69.15 55.4 62.18 60.12 61.36 68.15
TiO, 078 074 054 08 073 113 0.79 068 0.82 0.44
AlLO, 15.44 17.23 12.87 13.77 13.67 14.68 16.43 15.59 17.61 13.65
Fe,O, 786 722 423 737 6.42 11.35 6.82 744 657 5.29
MnO 0.0r 0.08 0.09 0.07r 010 0.6 0.12 0.09 0.07 0.04
MgO 269 140 138 242 107 310 133 185 149 0.72
Cao 442 130 6.27 264 146 450 099 0.88 1.02 0.80
Na,0 134 050 059 113 112 0.71 092 107 0.89 0.73
K,O 091 381 321 176 234 132 325 320 3.04 282
P,Os 0.10 048 031 0.28 0.09 023 019 030 0.53 0.27
H,O- 293 196 186 229 069 1.78 150 137 166 1.62
LOI 456 453 888 6.47 215 452 413 580 470 455
TOTAL 99.17 98.90 98.46 99.76 98.99 98.88 98.65 98.39 99.76 99.08
Rb 27 140 102 54 219 23 107 139 141 119
Sr 244 138 339 146 125 197 100 105 205 128
Y 17 26 22 14 39 25 24 24 33 12
Zr 194 193 234 205 298 153 236 249 223 202
Nb 8 15 12 9 17 12 13 12 15 12
Cu 80 27 20 22 20 86 39 32 25 12
Ni 71 31 25 43 31 48 47 43 28 23
Zn 70 84 63 64 58 72 79 77 98 46
\Y 192 123 86 188 123 226 228 150 150 69
Cr 300 102 81 261 145 206 187 165 105 52
Co 42 30 16 35 14 42 32 35 27 20

vm64 798 Smithfield

vme5 5598Modderpoat rock shelter, Ladybrand
vMG66 5598Modderpoat rock shelter, Ladybrand
vm48 Carnavon

WC41 Beesdam, Carnavon

WC42 Peaboam, Carnavon

vmz2 5633Phomong, Lesotho

vm30 7267Klipfonteinrand

vm31 7267Klipfonteinrand

vma32 7267Klipfonteinrand
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Table A4.2.4continued.

vm33 vm34
SO, 63.57 65.28
TiO, 0.90 0.68
AlLO, 15.26 14.91
Fe,O, 6.52 5.18
MnO 0.07 0.05
MgO 0.88 0.85
Cao 1.00 0.77
Na,0 2.18 1.39
K,O 3.73 2.73
P,Ox 0.15 0.25
H,O- 0.62 1.35
LOI 438 5.18
TOTAL 99.26 98.62
Rb 178 nd
Sr 102 nd
Y 35 nd
Zr 423 nd
Nb 17 nd
Cu 24 nd
Ni 21 nd
n 74 nd
\Y 103 nd
Cr 68 nd
Co 23 nd

vm33 7263Bulshoek Pass Clanwilli am
vm34 7263Bulshoek Pass Clanwilli am
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Table A4.2.5.Datafor the Cape sediment samples.

SO,
TiO,
AlLO,
Fe,O,
MnO
MgO
CaOo
Na,O
K,O
P,Ox
H,O-
LOI

TOTAL

Rb
S
Y
Zr
Nb
Cu
Ni
Zn
\Y
Cr
Co

AC8

AC12
AC13
AC15
AC16
AC17
AC18
AC20
AC21
AC22

AC8 AC12
68.30 59.39
0.61 0.86
13.16 14.36
3.32 5.72
0.09 0.09
155 2.38
2.23 1.60
1.75 0.71
3.89 3.18
0.13 0.12
1.04 224
3.44 8.73
99.51 99.38
161 166
188 105
32 40
243 237
17 19
18 42
15 33
57 101
72 116
59 108

6 20

AC13
62.67
0.83
13.3
5.09
0.08
1.90
1.81
0.96
3.16
0.09
1.68
7.46
99.03

161
115
47
302
20
31
27
88
105
95
18

AC15
70.50
0.53
12.29
2.79
0.10
1.20
1.99
2.03
4.08
0.01
3.78
0.00
99.30

154
128
31
266
14
13
13
48
46
48
9

ACl16 ACl7 AC18
61.82 63.15 63.48
0.79 0.63 0.74
12.90 13.21 12.96
454 3.84 5.29
0.09 0.07 0.07
198 113 1.79
3.82 156 3.60
155 494 1.05
3.22 435 274
0.12 0.07 0.17
126 152 1.07
7.06 553 6.12
99.15 100.00 99.08
146 224 123
170 149 154
33 44 29
342 373 266
16 15 13
25 12 52
21 15 30
78 71 441
102 52 120
73 57 144
14 11 16

Foat of Anenous Pass Rietkloof gate stream sediment
T'Goep River, nea Pofadder
T'Goep River, nea pofadder
Foat of Anenous Pass Rietkloof Gate stream sediment
Port Noll oth Road
Green river terrace(Springbok)
Orange River terrace aVioosdrif

River between Viodsdrif and Springbok

River north of Springbok
River sediment east of Port Noll oth
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AC20 AC21 AC22
66.55 60.59 78.2
0.62 0.88 0.65
14.44 16.44 8.46
441 599 3.13
0.09 0.09 0.05
122 160 1.00
1.86 1.66 0.89
215 200 1.53
394 383 274
0.16 0.23 0.00
0.68 1.07 0.76
375 6.59 221
99.87 100.97 99.62
190 203 102
142 206 105
46 66 23
382 349 401
17 24 16
31 529 10
22 55 13
59 118 36
76 83 52
86 86 86
13 19 8
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Table A4.2.5.continued.

AC24 AC26 AC27 AC29 AC30 AC31 AC32 AC33 AC35 AC36

SO, 57.50 67.34 76.07 63.87 57.52 86.00 78.03 64.28 63.08 82.77
TiO, 085 062 056 072 075 044 048 0.73 049 0.15
AlLO, 14.67 14.00 11.22 11.52 13.73 6.19 4.59 15.06 17.41 7.57
Fe,O, 565 399 263 484 6.10 326 225 6.04 3.60 1.26
MnO 0.14 0.06 0.06 010 0.12 0.06 0.04 0.10 0.02 0.02
MgO 255 117 0.27 258 318 092 068 236 0.62 0.03
Cao 3.70 129 042 214 223 017 544 035 0.02 0.14
Na,0 133 137 115 0.73 059 056 0.18 089 0.69 0.65
K,O 330 442 584 298 342 140 090 348 565 414
P,Os 0.10 0.03 0.00 0.5 0.19 0.00 0.00 0.02 0.00 0.03
H,O- 1.04 085 024 229 299 003 061 067 399 0.29
LOI 887 448 147 7.41 9.08 0.18 6.58 518 429 241
TOTAL 99.7 99.62 99.93 99.33 99.90 99.21 99.78 99.16 99.86 99.46
Rb 180 221 360 124 153 53 41 149 347 181
Sr 199 107 71 134 134 27 230 37 40 30
Y 33 49 43 27 25 18 18 30 31 15
Zr 260 387 585 182 148 187 318 198 193 212
Nb 23 14 19 16 16 10 10 15 13 3
Cu 53 110 22 24 29 14 15 27 9 4
Ni 34 20 11 24 27 20 12 39 10 9
Zn 90 67 36 79 101 50 62 103 36 37
\Y 116 60 39 92 111 62 43 128 61 13
Cr 130 61 36 125 145 82 60 117 52 35
Co 22 9 4 16 22 10 3 24 5 2

AC24 Tributary of Orange River nea Vioo sdrif

AC26 River sediment at Goegap Nature reserve, Springbok
AC27 Soil, Goegap Nature reserve Springbok

AC29 River terrace ed of Port Noll oth

AC30 River sediment east of Port Noll oth

AC31 River terrace ed of Van Rhynsdorp

AC32 WiedouRiver terracenorth of Oliphants River
AC33 River sediment east of Van Rhynsdorp

AC35 Chapman ' s Pe&k

AC36 St Helena Bay (on granite)
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Table A4.2.5.continued.

AC38 AC39 AC41 AC50 AC53 AC54 AC55 AC56 AC57 ACSS8

SO, 72.29 73.82 71.61 85.65 62.20 75.15 88.38 61.36 60.83 65.25
TiO, 098 082 052 051 068 032 038 057 064 0.61
AlLO, 11.23 10.68 12.09 3.19 1548 1146 4.46 17.73 19.62 18.1
Fe,O, 467 482 364 756 720 182 191 758 386 3.78
MnO 0.08 0.10 0.06 0.04 014 0.04 001 0.02 0.038 0.03
MgO 106 131 107 011 158 0.17 0.12 078 0.29 041
Cao 1.07 020 147 008 199 057 0.04 012 0.01 0.07
Na,0 1.04 100 215 000 0.99 256 000 132 202 0.37
K,O 240 219 250 038 3.05 472 038 401 0.78 2.53
P,Os 0.10 0.09 0.13 0.08 0.13 0.00 0.03 0.13 0.06 0.08
H,O- 082 0.72 052 035 108 152 105 129 463 1.21
LOI 359 415 393 153 514 086 3.01 576 8.08 7.34
TOTAL 99.33 99.90 99.69 99.48 99.66 99.19 99.77 100.67 100.85 99.78
Rb 87 94 95 15 141 148 29 198 41 150
Sr 110 44 258 33 117 88 8 43 44 53
Y 30 31 26 18 30 19 17 20 27 37
Zr 427 295 306 401 183 413 330 181 221 414
Nb 15 15 12 10 12 7 12 17 26 25
Cu 21 20 16 14 35 6 1 18 8 3
Ni 21 28 18 10 24 8 10 12 15 11
Zn 63 84 80 30 91 24 12 48 17 26
\Y 111 98 72 160 139 28 28 76 48 61
Cr 100 113 52 100 81 32 46 74 53 43
Co 13 19 12 15 18 3 2 14 5 6

AC38 River North of Van Rhyns Dorp

AC39 River terrace ed of Van Rhynsdorp

ACA41 Laingsburg River

AC50 Soil at foot of Piekenier's Pass

AC53 Calvinia

AC54 10 km north of Van Rhynsdorp

AC55 Kirstenbaosch

AC56 Hout Bay beginning of Chapman's Pe& Drive
AC57 Camps Bay Rd at Kloof Nek

AC58 Castle rocks, Cape Peninsula

282

Document Produced by deskPDF Unregistered :: http://www.docudesk.com



Table A4.2.5.continued.

AC61 AC62 AC63 AC64 AC66 AC60AC60B AC200 AC201

SO, 79.67 67.02 91.52 94.37 87.07 77.70 77.75 62.15 61.27
TiO, 037 080 063 032 036 052 053 091 0.92
AlLO, 6.03 1440 228 1.84 3.04 10.72 10.17 15.24 16.26
Fe,O, 729 508 146 147 269 503 437 773 751
MnO 0.02 0.07 003 0.02 0.03 0.04 0.03 0.04 0.04
MgO 025 09 021 006 045 050 047 038 0.43
Cao 0.13 036 028 0.02 075 019 057 0.05 0.08
Na,0 0.16 041 009 0.00 030 0.08 0.10 0.06 0.06
K,O 060 263 046 030 050 115 116 145 1.45
P,Os 0.07r 0.12 0.00 0.00 0.00 0.10 0.09 0.04 0.05
H,O- 068 115 048 0.15 064 0.65 058 523 5.20
LOI 440 6.46 184 098 353 341 401 6.10 6.59
TOTAL  99.67 99.45 99.28 99.53 99.36 100.09 99.83 99.38 99.86
Rb 27 119 15 6 11 101 99 54 50
Sr 28 56 31 11 64 23 25 41 58
Y 14 35 14 10 13 23 23 14 13
Zr 545 309 1005 266 291 335 362 281 306
Nb 7 17 16 9 9 8 7 16 16
Cu 11 13 2 3 9 12 10 16 14
Ni 14 24 10 5 13 23 20 7 8
Zn 27 88 18 10 33 46 45 26 27
\Y 80 108 39 23 42 115 103 174 155
Cr 80 112 63 50 64 112 91 130 122
Co 15 15 3 1 3 30 21 21 21

AC61 Mamesbury

AC62 10 km south of Laingsburg
AC63 Veddrif

AC64 Citrusdal

AC66 Oliphants river

AC60 Durbanvill e

AC60B  Durbanville

AC200 Mamsbury clay above UCT
AC201 Mamsbury clay above UCT
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Table A4.3.1.Datafor clays from the Kavango and Caprivi, Namibia.

Sample D9 D10 D30 D13 D14 D15 D16 D29 D18 D22
SO, 58.07 57.50 63.51 66.51 70.56 71.55 58.09 64.06 72.64 73.12
TiO, 1.00 107 090 079 0.75 0.74 0.87 0.83 0.87 0.89
AlLO, 20.09 22.32 18.21 16.97 14.37 14.00 19.48 17.03 12.45 12.37
Fe,O, 551 6.18 433 382 303 324 482 463 332 331
MnO 0.03 0.03 0.03 0.03 0.03 0.03 0.04 0.03 0.02 o0.01
MgO 032 033 025 020 0.27 021 043 034 043 0.37
CaOo 055 049 046 036 041 042 052 045 049 0.50
Na,0O 0.12 0.07r 0.08 0.14 0.18 0.22 0.09 0.14 0.08 0.08
K,O 142 141 127 139 163 167 136 150 0.82 0.83
P,Ox 0.04 0.02 0.03 0.02 0.04 0.04 005 0.03 0.02 o0.00
H,O- 1.88 246 277 192 218 185 348 255 340 3.07
LOI 10.86 9.20 8.13 7.65 6.18 6.05 1052 797 534 5.62
TOTAL  99.89 101.08 99.97 99.80 99.63 100.02 99.75 99.56 99.88 100.17
Rb 72 77 66 61 63 63 81 74 35 35
Sr 63 60 57 61 64 66 59 63 38 39
Y 30 32 26 24 17 18 27 18 28 29
Zr 204 204 216 252 354 354 184 249 306 309
Nb 15 17 14 12 11 11 13 13 13 13
Cu 55 57 54 53 51 52 55 52 58 58
Ni 37 38 34 32 26 25 37 31 40 40
Zn 65 65 55 58 50 a7 70 55 28 28
Vv 194 212 173 168 153 149 205 159 172 172
Cr 91 91 82 79 69 70 93 83 88 89
Co 22 25 20 21 13 15 23 16 24 25
D9 GumaK12 clay and temper mixture
D10 GumaK10: rgeded clay
D30 GumaK11: rejeded clay
D13 Halili: clay
D14 Kapako K15: clay
D15 Kapako K16: clay and temper mixture
D16 Katere K4: rgjeded clay
D29 Katere K9: rgjeded clay
D18 KatimaMulil o: clay
D22 KatimaMulil o: clay (dudicate)
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Table A4.3.1continued.

Sample

SO,
TiO,
AlLO,
Fe,O,
MnO
MgO
CaOo
Na,O
K,O
P,Ox
H,O-
LOI

TOTAL

Rb
S
Y
Zr
Nb
Cu
Ni
Zn
\Y
Cr
Co

D17:
D26:
D27
D42
D19
D24
D23
D28

D17
84.68
0.29
3.19
1.76
0.03
0.05
0.43
0.00
0.31
0.03
2.81
6.01
99.59

13
23
0
114
2
48
18
13
81
52
6

Linyanti
Linyanti
Linyanti
Linyanti
Ngoma:
Ngoma:

D26 D27
83.36 83.71
0.31 0.30
3.60 3.35
1.94 2.60
0.03 0.04
0.06 0.04
0.49 0.44
0.00 0.00
0.34 0.32
0.03 0.03
270 253
6.88 6.38
99.74 99.74
16 15
25 24
1 0
110 118
2 2
49 52
20 24
15 13
93 92
59 74
9 8

. clay

. clay (dudicate)
. clay (dudicate)
. clay (dudicate)
clay

clay (dudicate)

D42
82.87
0.32
3.65
1.92
0.03
0.13
0.50
0.00
0.37
0.03
2.61
7.32
99.75

17
26
1
115
2
a7
20
15
91
56
8

Oshombo, Oshakati: clay
Oshombo, Oshakati: clay (dudicate)
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D19 D24
67.55 62.57
0.72 0.93
13.45 16.35
3.76  4.66
0.04 0.10
0.50 0.59
0.83 0.97
0.02 0.01
0.50 0.53
0.02 0.03
483 4.73
7.67 8.55
99.89 100.02
29 40
49 51
26 31
207 279
10 13
62 61
45 51
20 24
207 232
88 107
20 31
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D23
78.93
0.40
7.79
2.94
0.04
0.36
0.59
0.00
0.34
0.02
3.36
4.80
99.57

25
51
9
147
4
49
24
17
69
54
11

D28
78.59
0.40
7.95
3.13
0.05
0.36
0.59
0.00
0.30
0.01
3.33
4.68
99.39

24
a7
9
142
5
51
26
16
69
57
13



Table A4.3.2.Datafor sherds from the Kavango.

Sample D11 D20 D21 D12 D25 bzl4 bz23 bz4l

SO, 63.22 71.06 75.69 65.72 77.48 83.06 63.71 72.04
TiO, 073 094 071 082 0.79 051 0.79 0.74
AlLO, 15.03 17.28 12.36 19.19 14.25 8.22 17.12 15.69
Fe,O, 820 6.55 533 519 408 310 4.06 391
MnO 0.12 0.02 0.06 0.03 0.04 0.03 0.07 0.02
MgO 023 041 063 030 049 097 059 0.21
CaOo 062 079 074 083 0.72 031 235 1.04
Na,0O 055 0.08 0.08 010 0.09 125 0.11 0.09
K,O 1.84 055 090 112 058 080 142 130
P,O 0.20 0.09 0.19 0.22 0.03 0.05 0.05 o0.08
H,O- 0.47 035 078 114 030 041 254 1.70
LOI 872 141 249 484 138 170 7.06 3.57
TOTAL  99.93 99.53 99.96 99.50 100.23100.41 99.87 100.39
Rb 21 25 60 73 35 53 57 54
Sr 31 38 49 74 53 83 386 199
Y 0 30 22 27 31 14 20 14
Zr 172 297 231 182 242 215 153 223
Nb 0 15 11 14 12 8 12 11
Cu 48 68 66 61 67 13 19 16
Ni 51 44 42 36 45 19 24 19
Zn 53 54 50 72 20 16 40 37
Vv 177 231 166 184 199 85 192 157
Cr 165 108 89 84 88 63 95 88
Co 17 18 21 20 20 10 19 13
D11 Halili K2 pasherd

D20 Ihaha potsherd

D21 Ihaha potsherd

D12 Katere K5 pdsherd

D25 Ngoma potsherd

bz14 Ovambdand pdsherd
bz23 Vungu Vungu pdsherd
bz41 Vungu Vungu pdsherd
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Table A4.3.2.continued.

SO,
TiO,
AlLO,
Fe,O,
MnO
MgO
CaOo
Na,O
K,O
P,Ox
H20-
LO1

TOTAL

Rb
S
Y
Zr
Nb
Cu
Ni
Zn
\Y
Cr
Co

pcl
pc2
pc3
pc4
pc5
pc6

pcl pc2 pc3
73.04 73.04 79.84
097 0.77 0.49
12.24 1197 6.34
485 356 3.09
0.02 0.02 0.03
046 050 0.29
096 1.10 1.27
0.18 0.04 0.03
148 1.00 0.69
0.18 0.10 0.44
1.72 298 2.18
3.89 510 4.70
99.99 100.18 99.39
54 33 15
66 58 49
23 17 9
335 191 155
17 12 7
19 16 12
29 29 23
33 22 17
150 234 170
117 145 112
21 19 15

Linyanti potsherd
Linyanti potsherd
Linyanti potsherd
Linyanti potsherd
Linyanti potsherd
Linyanti potsherd
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pca
77.63
0.60
9.66
4.24
0.05
0.59
1.81
0.08
0.67
0.10
1.32
2.59
99.34

28
73
14
151
11
20
31
21
248
154
22

pc5
75.29
0.54
8.25
3.66
0.04
1.19
2.44
0.04
0.77
0.65
1.84
4.96
99.67

27
95
11
137
9
14
25
29
198
121
17
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pc6
81.88
0.63
7.74
3.41
0.03
0.42
1.00
nd
0.74
0.19
1.09
2.49
99.62

25
51
10
215
11
19
23
24
188
143
14



Table A4.3.3.Date for Botswana pottery.

KS2 KS3 RB0O1 RB0O3 RBO5 RB06 RBO7 RB08 RBO09 bl

SO, 56.92 56.88 57.42 52.46 57.23 54.22 54.77 60.36 54.35 82.81
TiO, 115 114 0.79 1.11 087 083 097 115 1.19 0.17
AlLO, 8.63 8.71 1297 16.35 1491 16.05 17.64 15.04 18.46 3.44
Fe,O, 11.03 11.09 11.52 1141 7.12 945 9.67 6.72 1259 3.30
MnO 0.15 0.15 0.16 0.15 0.08 0.13 0.12 0.12 0.19 0.01
MgO 1359 13.77 575 351 209 201 244 212 370 0.52
CaO 427 432 323 532 195 326 311 339 466 1.10
Na,0 035 036 09 136 325 352 086 202 122 0.00
K, O 261 261 149 125 253 189 235 254 129 042
P,O 0.10 0.10 0.26 0.19 030 0.10 030 0.21 0.12 0.13
H,O- 0.03 004 232 257 375 363 234 206 040 291
LOI 0.76 089 289 388 539 471 464 364 121 4.82
TOTAL 99.59 100.06 99.76 99.56 99.47 99.80 99.21 99.37 99.38 99.63
Rb 231 229 46 41 82 54 60 90 49 27
Sr 73 71 156 205 156 297 130 396 115 148
Y 22 22 17 20 22 15 22 20 22 0
Zr 237 239 182 160 204 208 160 284 173 55
Nb 22 21 9 9 9 7 9 12 9 1
Cu 148 143 61 50 32 69 54 42 61 51
Ni 931 916 570 160 67 96 138 86 173 43
Zn 99 96 90 82 80 78 74 77 88 23
\Y 141 140 171 226 110 183 179 123 245 97
Cr 872 867 1859 411 167 175 323 180 424 56
Co 75 69 67 51 26 40 42 26 57 33
KS2: Lobatsi: modern pa

KS3: Lobatsi: modern pd; dugicae of KS2

RBOL: Site A78: Toutswe style sherd

RBO3: Site A78: Toutswe style sherd

RBO5: Site A78: plain sherd

RBOG6: Site A78: Toutswe style sherd

RBO7: Site A78: plain sherd

RBOS: Site A78. Mapurgubwe style sherd

RBO09: Site A78: Base of open bawl: either Toutswe or Mapungubwe
bl Divuyu 1g
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Table A4.3.3continued.

b2 bpl bplO b3 b4 b5 bp8 bp9 b6 bpll

SO, 68.09 67.25 79.20 67.54 77.45 80.06 85.12 73.96 67.04 69.07
TiO, 063 062 020 051 047 061 050 045 0.75 0.79
AlLO, 13.46 13.32 4.10 1242 981 813 6.26 9.08 16.08 16.37
Fe,O, 226 237 452 415 551 338 293 463 321 342
MnO 0.02 0.01 0.04 0.02 017 0.04 0.03 0.13 0.03 0.03
MgO 020 037 172 031 059 033 046 0.75 0.63 0.65
Cao 241 246 218 253 120 141 089 178 254 131
Na,0 0.00 0.06 0.08 0.07 035 029 019 0.06 056 0.69
K, O 057 061 056 080 079 080 063 080 0.13 0.11
H,O- 318 357 184 199 083 089 092 205 096 142
LOI 8.13 827 533 935 246 375 239 580 572 413
TOTAL 99.86 99.96 100.26 99.83 99.70 99.77 100.41 99.56 100.24 100.20
Rb 43 67 54 33 32 30 33 65 75 100
Sr 620 554 253 146 70 71 59 78 384 249
Y 73 57 3 22 18 16 7 12 23 19
Zr 95 86 50 133 135 276 249 109 252 255
Nb 8 2 3 6 6 9 2 1 13 9
Cu 48 10 27 76 73 60 15 21 63 16
Ni 32 24 27 40 50 28 20 29 28 20
Zn 20 23 28 13 15 15 19 20 37 38
\ 149 155 100 151 156 117 103 148 155 174
Cr 114 144 98 90 71 68 84 85 69 95
Co 10 9 29 13 18 13 12 21 14 15
b2 Divuyu

bpL Divuyu

bpl1Q Divuyu

b3: Seronddlla

b4: Seronddlla

b5: Seronddlla

bp8 SeronceElla rim

bp9: Serondella: comb stamped rim

b6: Qugana

bpll Qugana
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Table A4.3.3continued.

bpl12 b7 b8  bp7 b9 bl4 bpl6 bpl7 bl3 bpl3

SO, 66.57 76.09 47.31 60.32 79.55 63.03 68.46 79.41 61.25 65.14
TiO, 0.76 023 057 063 021 088 071 021 0.73 0.71
AlLO, 17.05 4.68 12.77 1532 4.09 18.03 15.58 3.97 15.52 14.23
Fe,O, 4.09 48 256 4.09 440 486 349 457 364 3.63
MnO 0.04 0.02 002 003 004 006 0.02 0.05 0.04 0.05
MgO 090 003 006 036 046 051 020 046 0.41 0.37
Cao 244 008 034 053 158 246 200 156 226 1.60
Na,0 031 0.00 000 0.01 000 0.23 0.08 0.09 159 1.56
K,O 186 019 055 080 0.88 200 116 053 137 1.29
P,Os 0.64 05 018 056 034 032 039 051 0.09 0.09
H,O- 0.87 42 584 482 191 141 261 254 325 249
LOI 391 9.03 29.48 1293 6.19 583 490 588 8.67 8.44
TOTAL 99.44 99.85 99.68 100.40 99.65 99.62 99.60 99.78 98.82 99.60
Rb 96 3 18 55 51 99 83 54 57 74
Sr 488 18 43 59 224 438 356 258 452 406
Y 25 1 9 10 6 32 14 4 18 16
Zr 239 68 191 159 66 191 217 55 231 247
Nb 10 1 5 3 2 15 7 0 12 6
Cu 27 55 45 17 59 61 15 20 62 18
Ni 23 38 28 21 42 37 20 25 30 18
Zn 44 7 27 29 25 59 34 23 35 35
\Y 183 141 201 187 90 183 145 91 155 162
Cr 115 86 84 112 66 84 98 95 76 102
Co 18 12 13 14 26 27 14 30 15 15

bp12 Qugana: pitted surface

b7 Depresson Cave

b8: Depresson Cave

bp7: Depresson Cave: crosshatching
b9 N!oma

bl4 N!oma

bpl6 N!oma: thin sherd, ptted surface
bpl7 N!oma: thick sherd, ptted surface
b13 Xaro

bp13 Xaro: purnctate rim

290

Document Produced by deskPDF Unregistered :: http://www.docudesk.com



Table A4.3.3continued.

SO,
TiO,
AlLO,
Fe,O,
MnO
MgO
CaOo
Na,O
K,O
P,Ox
H,O-
LOI

TOTAL

Rb
S
Y
Zr
Nb
Cu
Ni
Zn
\Y
Cr
Co

bpl4
bpl5
bl1G
b1l
bp3
bp4
bps
bp6&

b12

bpl4
66.09
0.43
12.05
3.75
0.03
0.44
2.46
141
0.82
0.07
2.48
9.62
99.65

41
404
12
93
2
19
18
43
142
85
18

bp15
63.18
0.52
13.92
4.12
0.04
0.29
2.52
1.45
1.05
0.06
3.14
9.00
99.29

80
572
10
76
2
23
21
32
161
88
17

b10
65.32
1.33
10.68
10.10
0.27
2.60
4.23
1.45
0.74
0.18
0.15
2.59
99.64

26
183
44
366
19
109
115
206
191
169
33

bl1
64.21
1.15
11.95
9.45
0.29
1.75
3.51
1.36
1.33
0.20
0.48
3.49
99.17

59
209
67
385
23
100
99
210
170
154
21

Xaro: horizontal incisions
Xaro: purctate rim
Kgwebe Hill s: thin piece

Kgwebe Hill s thin sherd
Kgwebe Hill s thin sherd

Kgwebe Hill s: thick sherd
Kgwebe Hill s thick sherd, inclusions
Kgwebe Hill s: thick sherd
Kgwebe Hill s layer 2
Tsodilo Hill s: float
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bp3
61.26
1.42
11.6
10.88
0.33
2.96
4.30
1.49
0.80
0.26
0.71
3.15
99.16

38
186
46
333
18
69
116
232
229
242
41
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bp4
61.11
141
11.54
10.79
0.32
3.05
4.23
1.28
0.78
0.27
0.77
4.01
99.56

40
192
46
319
18
75
121
242
234
246
39

bp5
59.61
1.39
11.36
10.65
0.30
3.34
4.34
1.42
0.81
0.26
0.92
4.77
99.17

39
183
45
326
17
77
115
229
234
239
43

bp6
61.23
1.17
10.21
8.86
0.30
2.83
5.01
1.02
0.93
0.39
1.19
6.22
99.36

39
225
46
326
15
76
100
249
185
206
35

mh
61.53
1.42
11.74
11.13
0.33
3.25
4.32
1.29
0.82
0.26
0.66
2.89
99.64

40
187
53
365
21
76
120
259
211
243
46

b12
56.28
0.65
14.87
3.65
0.04
0.20
1.10
0.07
1.24
2.22
4.50
15.13
99.95

41
152
13
163

59
30
66
174
84
12
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Table A4.3.3continued.

bp2 bzl bz2 bz3 bz4 bz5 bz6 bz7 bz8 bz9

SO, 5476 73.43 72.08 47.14 57.15 57.69 51.17 60.18 71.65 35.26
TiO, 066 065 065 056 060 059 071 054 057 0.40
AlLO, 14.67 15.12 14.77 11.87 14.28 14.73 15.15 12.14 12.69 11.50
Fe,O, 348 382 386 288 333 321 344 350 354 279
MnO 0.03 0.03 0.03 0.02 0.03 003 0.03 0.03 0.03 0.02
MgO 0.22 021 024 052 047 053 034 027 041 0.29
Cao 1.15 099 099 1515 259 210 0.80 1053 3.17 1.02
Na,0 0.02 0.07 003 026 0.11 0.14 0.02 021 0.09 0.00
K,O 1.10 117 100 146 135 161 102 084 1.03 0.95
P,O 1.84 038 0.19 11.00 033 0.19 0.212 730 1.83 0.20
H,O- 412 074 135 168 290 297 478 1.08 098 4381
LOI 17.42 3.62 489 751 1699 16.84 2250 4.03 4.22 42.55
TOTAL  99.47 100.23 100.08 100.05 100.13 100.63 100.17 100.65 100.21 99.79
Rb 61 47 41 57 38 44 40 42 43 32
Sr 113 65 121 258 118 116 82 200 233 72
Y 9 20 21 19 13 12 18 19 21 3
Zr 138 215 238 149 123 120 198 198 206 66
Nb 2 11 10 12 7 6 7 10 10 0
Cu 15 18 17 16 14 12 6 14 15 16
Ni 19 24 25 15 21 20 19 19 19 17
Zn 48 33 31 72 32 30 47 54 39 30
Vv 190 163 168 91 175 176 186 103 135 194
Cr 106 92 96 51 89 87 106 72 81 96
Co 14 14 17 8 18 14 16 10 13 17
bp2 Tsodilo Hill s: float
bz1. Tsodilo 9b
bz2: Tsodilo 9l decorated rim
bz3 Tsodilo %a bore and ?charcoal tempered
bz4. Tsodilo 24.1 charcoal tempered
bz5 Tsodil024 charcoa tempered, vesicles
bz6: Tsodilo 9 thick coarse sherd, charcoal tempered: dupicae of bz12
bz7 Tsodilo 21 rim sherd, bore and ?charcoal tempered
bz8: Tsodilo 9b
bz9: Tsodilo 12crosshatched thick rim sherd, charcoal tempered

292

Document Produced by deskPDF Unregistered :: http://www.docudesk.com



Table A4.3.3continued.

bz10 bzll bzl2 bz28

SO, 45.65 73.45 51.10 51.23
TiO, 054 0.18 0.70 0.70
AlO, 11.18 3.28 14.41 15.12
Fe,0, 2.67 3.66 3.61 3.39
MnO 0.01 0.04 0.03 0.02
MgO 0.42 0.33 0.33 0.28
Ca0 15.63 0.54 0.40 0.49
Na,0 0.23 0.08 0.03 0.01
K,O 1.05 0.33 0.93 0.94
P,0O, 11.06 0.89 024 0.16
H,O- 157 390 530 5.78
LOI 8.84 13.84 23.05 22.22
TOTAL  98.85 100.52 100.13 100.34
Rb 47 15 37 37
S 287 60 49 55
Y 18 1 17 19
Zr 150 57 209 198
Nb 11 0 8 7
Cu 12 0 5 5
Ni 16 20 18 18
Zn 67 22 33 37
Vv 91 101 196 189
Cr 50 87 109 104
Co 6 21 15 15

bz10: Tsodilo %a bore and ?charcoal tempered
bz11: Tsodilo 14 charcoal and quartz tempered
bzl12: Tsodlo 9 dugicate of bz6

bz28: Tsodilo 9c3: charcoal tempered
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Table A4.3.3continued.

T200 T201 T202 T203 T204 T205 T207 T208

SO, 50.95 54.97 55.48 54.28 54.81 60.04 55.68 56.92
TiO, 096 087 103 066 0.69 114 0.79 0.82
AlLO, 17.22 17.65 15.37 19.34 16.01 14.80 17.67 17.46
Fe,O, 10.7 832 890 8.79 885 1212 831 8.21
MnO 0.15 0.13 0.13 0.16 0.14 0.5 0.11 0.13
MgO 482 310 282 462 447 287 271 257
Cao 6.86 501 523 6.76 575 249 461 4.53
Na,0 139 137 107 142 112 041 111 119
K,O 145 128 217 116 158 123 164 1.59
P,Os 029 009 074 021 026 019 0.18 0.19
H,O- 110 168 135 059 125 125 159 1.59
LOI 4.67 53 494 235 489 354 468 4.26
TOTAL 100.56 99.77 99.23 100.34 99.82 100.23 99.08 99.46
Rb 36 41 62 26 41 31 33 36
Sr 197 233 341 172 194 129 217 234
Y 18 14 20 14 17 19 12 13
Zr 106 124 173 102 145 146 112 119
Nb 7 6 8 6 6 10 4 4
Cu 62 38 49 53 44 80 45 37
Ni 86 77 72 87 92 61 74 69
Zn 65 48 71 58 70 73 59 60
Vv 319 212 229 156 176 258 184 197
Cr 129 223 141 199 298 249 222 206
Co 46 43 35 43 40 27 50 44

T200 Toutswe: base of besker

T20L Toutswe: base of besker 15/41/1
T202 Toutswe: jar1541/1

T203 Toutswe: jar 15/41/1

T204 Toutswe: base of besker 15/41/1
T205 Toutswe: jar 15/41/1

T207: Toutswe: 1541/1

T208 Toutswe: 15/41/1
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Table A4.3.4.Data for sediments and daga from Botswana.

KS1 RB0O2 RB04 RB10 RB11A RB11B RB12 RB13 RB14
SO, 54.58 71.37 72.19 7212 75.42 75.32 62.74 63.61 80.27
TiO, 153 049 045 0.35 0.35 031 039 0.31 0.59
AlLO, 13.12 14.24 14.03 13.37 13.67 13.15 1039 8.21 3.45
Fe,O, 13.09 3.18 2.93 250 2.50 233 317 236 1.78

MnO 0.16 0.04 0.03 0.03 0.04 0.04 0.08 0.07 0.04
MgO 3.26 044 0.29 0.59 0.49 039 210 275 1.23
CaO 234 169 131 174 1.66 151 399 377 355
Na,0 014 173 256 218 0.73 1.00 128 0.98 0.22
K, O 044 176 160 229 1.98 197 186 166 1.67
P,O 0.04 0.17 0.09 0.13 0.05 0.04 088 114 0.44
H,O- 476 190 197 0.91 0.36 055 652 844 1.68
LOI 6.19 257 255 299 2.42 228 5.87 5.80 4.77
TOTAL 99.65 99.58 100.00 99.20 99.67 98.89 99.27 99.10 99.69
Rb 21 43 36 58 55 55 49 43 44
Sr 49 164 149 187 168 167 246 229 167
Y 15 6 4 5 7 7 3 1 4
Zr 185 234 206 189 245 235 170 150 328
Nb 8 3 2 2 1 1 1 0 4
Cu 119 9 6 9 6 6 23 23 15
Ni 489 29 31 29 23 19 45 52 11
Zn 70 29 25 33 30 26 85 100 53
Vv 382 42 28 36 34 27 44 24 52
Cr 592 81 117 88 77 71 120 116 38
Co 79 7 6 5 5 2 11 6 3
KS1 Lobatsi: clay

RBO02 Bre& Presaure Tank: daga

RB04 Bre& Presaure Tank: daga

RB10 Bred&k Presaure Tank A78L: sediment
RB11A  Bre& Presaure Tank A78: lumpy sediment
RB11B Bred&k Presaure Tank A78: fine sediment
RB12 Bred&k Presaure Tank A78A: sediment
RB13 Bred&k Presaure Tank A78D: sediment
RB14 Bred&k Presaure Tank MKA L sediment
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Table A4.4.1a. Datafor the Schroda pottery.

LM401LM402 LM403 LM404 LM405 LM406 LM407 LM408 LM409 LM410

SO, 59.42 61.58 59.87 61.57 55.94 63.06 59.99 57.28 57.59 57.47
TiO, 194 123 201 144 182 111 155 121 166 1.22
AlLO, 1456 13.74 15.39 1547 13.1 16.39 16.26 16.67 14.58 16.40
Fe,O, 8.08 658 867 698 838 544 883 7.14 7.84 12.63
MnO 011 o0.09 011 0.0 012 0.03 011 0.05 0.11 0.05
MgO 334 244 218 192 423 055 205 112 256 0.79
CaOo 424 251 443 421 474 193 346 343 361 156
Na,0 183 100 209 140 119 171 202 235 130 0.15
K,O 273 216 245 214 254 448 245 310 216 0091
P,Os 035 017 038 026 032 012 030 0.23 0.34 0.17
H,O- 049 284 043 148 224 123 084 227 280 281
LOI 1.27 43 194 286 433 272 130 294 454 498
TOTAL 98.36 98.64 99.95 99.83 98.95 98.77 99.16 97.79 99.09 99.14
Rb 92 65 86 87 77 106 100 54 73 19
Sr 486 319 451 445 514 277 329 650 371 184
Y 24 20 24 21 23 18 23 25 21 19
Zr 373 262 368 310 307 419 317 493 294 175
Nb 21 14 23 17 18 17 19 18 18 9
Cu 72 45 89 49 52 33 79 27 65 66
Ni 120 111 65 60 205 29 72 25 87 82
Zn 93 81 93 80 88 48 105 66 85 60
\Y 181 143 185 153 184 110 196 92 170 335
Cr 285 254 133 130 420 86 205 51 187 190
Co 29 34 37 33 44 18 39 23 35 56

LM401 ZhizoA
LM402 ZhizoA
LM403 ZhizoA
LM404 Zhizo A
LM405 ZhizoA
LM406 ZhizoA
LM407 Zhizo A
LM408 ZhizoA
LM409 ZhizoA
LM410 Atypicd ?Late Matakoma
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Table A4.4.1a ontinued.

LM411LM412 LM413aLM413bLM414 LM415LM416LM417LM418 LM419
SO, 59.56 60.39 nd 58.71 56.81 50.07 60.05 58.64 59.24 58.02
TiO, 1.65 1.80 nd 209 216 151 191 181 180 1.82
AlLO, 1498 13.29 nd 1432 1459 20.19 15.21 14.36 14.63 13.99
Fe,O, 7.35 6.93 nd 796 862 1258 797 722 735 841

MnO 0.09 0.10 nd 0.09 0.10 0.06 0.112 0.09 0.09 0.13
MgO 193 2.19 nd 228 230 129 210 196 189 351
CaO 3.57 3.86 nd 446 481 140 431 426 399 3.63
Na,O 1.63 1.42 nd 149 165 023 190 187 208 1.44
K,O 288 2.29 nd 290 263 142 252 270 265 240
P,Os 034 0.31 nd 039 042 0.16 038 029 0.29 0.28
H,O- 1.65 2.39 nd 174 193 346 040 188 1.75 1.25
LOI 3.54 3.87 nd 323 290 6.22 149 330 259 3.10
TOTAL 99.17 98.84 nd 99.66 98.92 98.59 98.35 98.38 98.35 97.98
Rb 93 73 85 87 82 27 86 88 78 80
Sr 450 347 469 463 530 244 426 455 423 440
Y 20 21 20 22 23 16 22 19 17 26
Zr 330 301 334 333 332 133 372 344 346 343
Nb 18 18 21 22 23 8 21 19 16 20
Cu 73 66 89 87 102 112 73 75 71 54
Ni 54 58 53 55 59 120 60 52 56 145
Zn 87 76 85 87 105 66 90 81 79 92
\Y 159 167 180 181 179 461 174 153 155 184
Cr 123 143 101 106 113 576 131 115 117 326
Co 31 30 30 33 35 61 31 32 35 40

LM411 Atypicd: ?

LM412  Atypicd: ?

LM413a ZhizoA

LM413b Zhizo A: dudicae of LM413a
LM414  Atypicd: ?

LM415 Atypicd: ?

LM416 ZhizoA

LM417  ZhizoA

LM418 ZhizoA

LM419 ZhizoA
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Table A4.4.1a ontinued.

LM420 LM421 LM422 LM423 LM424 LM425LM426 LM427 LM428 LM429

SO, 60.68 61.19 60.61 62.99 60.34 59.88 59.29 64.32 56.61 59.88
TiO, 153 151 169 095 195 182 176 1.38 203 210
AlLO, 16.32 14.52 13.84 16.11 15.00 14.21 14.87 15.07 13.48 15.5
Fe,O, 773 656 692 482 757 860 739 6.56 7.80 8.38
MnO 0.12 009 0.09 0.04 0.0 0.13 011 010 011 0.11
MgO 227 167 192 0.71 188 313 243 142 349 211
CaO 3.75 344 495 173 424 333 429 292 461 440
Na,O 187 159 166 166 227 135 196 215 176 2.34
K,O 257 279 282 395 260 255 252 278 274 252
P,Os 028 025 040 0.18 034 038 027 023 034 034
H,O- 048 193 134 161 080 093 128 061 219 041
LOI 111 287 267 336 155 226 244 097 278 0.73
TOTAL 98.71 98.41 98.91 98.11 98.64 98.57 98.61 98.51 97.94 98.82
Rb 103 89 79 85 83 84 78 99 75 85
Sr 315 389 500 336 478 399 453 328 554 439
Y 24 18 19 9 23 29 23 19 22 23
Zr 312 320 332 511 377 337 339 387 365 389
Nb 18 17 17 12 22 20 20 17 21 23
Cu 69 58 61 18 82 56 54 54 80 87
Ni 71 50 53 26 58 127 78 53 130 58
Zn 93 76 75 49 80 97 83 73 86 90
\Y 158 128 155 95 160 186 176 119 160 180
Cr 166 111 117 61 110 326 187 130 315 122
Co 36 27 30 16 31 44 31 29 37 35

LM420 ZhizoA
LM421 ZhizoA
LM422  Zhizo A
LM423  Zhizo A
LM424  Zhizo A
LM425 Zhizo A
LM426 ZhizoA
LM427  Zhizo A
LM428  Zhizo A
LM429  Zhizo A
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Table A4.4.1b.Datafor the Schroda figurines.

SFO1 SF02 SF03 SF04 SFO5 SFO6 SFO7  SFO8 SF09  SF10
SO, 62.03 60.39 56.06 63.14 62.42 61.89 60.12 62.07 48.49 63.36
TiO, 114 135 239 103 158 160 165 162 3.09 145
ALO, 15.63 14.42 1485 14.46 15.01 15.33 15.21 15.22 11.80 16.26
Fe,O, 6.23 6.14 835 581 737 6.93 8.16 7.04 12.77 6.90
MnO 0.11 0.09 0.2 0.1 0.11 0.10 0.13 0.112 0.7 0.12
MgO 159 159 242 144 164 165 173 166 567 1.69
CaO 272 335 574 237 360 359 402 383 6.76 349
Na,0 148 183 212 123 223 224 242 230 131 207
K,O 3.17 3.09 281 310 320 325 311 323 256 325
P,O. 032 023 040 019 026 029 030 031 041 034
H,O- 207 218 133 261 052 065 059 062 229 043
LOI 3.67 497 358 438 214 233 217 213 439 0.59
TOTAL 100.16 99.63 100.17 99.87 100.08 99.85 99.61 100.14 99.71 99.95
Rb 91 94 70 88 92 87 89 88 32 104
Sr 281 298 511 247 318 398 347 352 608 305
Y 25 18 28 22 23 23 24 23 32 26
Zr 279 319 348 264 353 343 355 361 340 364
Nb 18 16 25 15 20 19 20 20 24 20
Cu 44 59 91 40 69 57 74 66 61 58
Ni 55 50 56 50 54 52 59 54 206 59
Zn 80 64 82 76 75 75 75 74 121 84
\Y 104 112 166 93 126 117 129 122 229 114
Cr 161 137 104 140 156 145 173 137 546 149
Co 25 24 32 27 27 24 27 26 53 26
SFO1 (?) Animal body; fine day; -
SF02 Miscdlaneous piece coarse day; 6.A1.2.1
SF03 Krad wall; coarse day; -
SF04 (?) Human body; coarse day; 6.2A.1
SF05 Krad wall; coarse day; 6.AA .4
SF06 Horn; coarse day; 6.AAL1.1
SFO7 Horn; coarse day; 6.A1.2.1
SF08 Horn or leg; coarse day(?); 6.A1.2.1
SF09 Miscdlaneous piece fine day; C251
SF10 Animal body; fine day; 6.6C.3
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Table A4.4.2.Datafor K2 sherds.

H79 H76 H73 H55A H55 H51 H50 H46 H43A  HA43

SO, 60.79 57.06 60.62 59.62 60.00 60.58 64.05 59.42 61.24 60.46
TiO, 138 146 184 137 135 139 109 145 136 142
AlLO, 14.24 13.72 1537 13.57 14.01 14.14 13.64 15.09 13.78 14.18
Fe,O, 724 808 791 701 6.88 658 6.72 814 7.11 731
MnO 0.10 0.112 0.12 0.09 0.09 0.0/ 010 0.12 0.09 0.09
MgO 399 513 3.00 410 414 356 295 396 3.77 4.05
CaO 356 355 360 411 395 4.04 349 362 385 3.85
Na,O 1.72 106 243 141 131 138 097 168 142 1.58
K,O 271 234 282 272 269 279 235 249 280 2381
P,Os 026 026 029 025 025 025 035 0.26 041 0.37
H,O- 092 245 034 173 175 156 084 083 121 0.85
LOI 287 458 108 367 371 372 415 318 317 2.70
TOTAL  99.78 99.80 99.42 99.65 100.13 100.06 100.70 100.24 100.21 99.67
Rb 104 93 100 100 100 101 97 87 98 99
Sr 467 421 457 397 370 393 291 377 445 435
Y 23 21 31 22 19 18 21 31 22 23
Zr 306 254 408 305 286 289 243 306 298 309
Nb 14 11 20 14 11 11 10 18 14 15
Cu 54 57 65 54 57 51 45 46 59 58
Ni 181 238 168 184 176 142 106 190 179 184
Zn 65 59 75 58 58 59 66 67 66 64
Vv 155 175 174 143 140 134 133 170 146 150
Cr 368 432 347 335 313 2/6 221 370 307 328
Co 32 40 36 34 32 33 29 36 34 36
H79 K2E 195D
H76 K2E 195D
H73 K2E 195D
H55A K2E 195C
H55 K2E 195C
H51 K2E 195C
H50 K2E 195C
H46 K2E 195D
H43A K2E 195C
H43 K2E 195C
300

Document Produced by deskPDF Unregistered :: http://www.docudesk.com



Table A4.4.2continued.

H36A H31A H31 H30 H29 H108H107A H107 VC29 VC34

SO, nd 66.14 65.67 nd 64.47 62.26 57.18 60.08 60.25 65.08
TiO, nd 123 1.23 nd 143 147 153 166 139 1.65
AlLO, nd 15.46 15.05 nd 1543 15.69 14.16 15.00 12.80 11.69
Fe,O, nd 6.00 6.10 nd 6.89 748 841 898 8.01 7.86
MnO nd 0.08 0.08 nd 009 011 0.12 0.14 0.12 0.09
MgO nd 130 1.72 nd 220 313 504 551 508 395
CaO nd 290 2381 nd 312 353 523 401 318 346
Na,O nd 220 1.79 nd 235 226 170 099 156 1.34
K,O nd 294 296 nd 293 262 233 238 265 232
P,Os nd 0.21 0.22 nd 024 023 029 0.27 025 0.30
H,O- nd 0.25 0.51 nd 012 0.13 045 030 120 0.48
LOI nd 137 1.79 nd 075 1.03 307 108 3.02 1.38
TOTAL nd 100.08 99.93 nd 100.02 99.94 99.51 100.4 99.51 99.60
Rb 95 97 111 100 105 102 88 96 79 66
Sr 346 335 303 456 375 364 466 398 369 386
Y 24 26 19 29 27 30 32 30 25 28
Zr 378 353 329 374 360 347 329 321 299 341
Nb 16 15 10 18 17 19 20 19 16 18
Cu 41 43 42 a7 50 60 49 55 51 41
Ni 49 48 48 113 107 148 247 263 250 198
Zn 61 66 64 66 65 70 63 68 89 82
Vv 146 128 118 156 141 149 171 189 137 140
Cr 163 132 131 293 248 268 442 464 384 344
Co 22 22 21 31 26 33 42 39 40 35

H36A K2 E195C
H31A K2 E195E

H31 K2 E195E
H30 K2 E195E
H29 K2 E195E

H108 K2 E195E
H107/A K2 E19%E
H107 K2 E95E
VC29 K2

VC34 K2
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Table A4.4.2continued.

VC35
S0, 60.71
TiO, 1.76
ALO,  11.99
Fe,0, 7.24
MnO 0.09
MgO 3.60
Ca0 4.32
Na,0 1.42
K,O 2.75
P,0; 0.40
H,O- 1.76
LOI 3.53
TOTAL 9957
Rb 59
S 517
Y 25
Zr 324
Nb 16
Cu 40
Ni 137
Zn 73
Y 139
Cr 302
Co 30
VC35
VC36
VC37
VC38
VC39
VC40
vcal
VCa2
VCa3
VCa4

VC36
59.79
1.38
12.48
7.80
0.11
5.09
3.63
1.46
2.69
0.28
1.28
3.76
99.75

77
381
25
285
16
51
248
85
134
354
37

K2
K2
K2
K2
K2
K2
K2
K2
K2
K2

VC37
65.62
1.01
14.95
6.31
0.11
2.09
1.98
1.10
2.24
0.37
1.28
2.39
99.45

62
318
24
264
12
40
91
78
102
211
27

VC38
62.32
1.48
13.58
6.89
0.10
3.27
3.09
1.82
2.41
0.23
1.64
2.70
99.53

73
431
23
371
15
36
143
71
123
265
29

VC39
58.86
2.64
14.08
9.50
0.14
4.27
4.26
1.21
2.56
0.40
0.31
1.59
99.82

81
560
35
386
29
64
185
99
222
419
37

302

VC40
68.99
0.65
13.47
5.00
0.10
1.69
2.54
1.37
2.54
0.40
0.73
2.36
99.84

59
242
20
225
9
28
64
63
80
145
23

VC4l
64.01
1.18
13.68
6.42
0.08
2.15
2.48
1.35
2.68
0.30
1.65
3.46
99.44

70
433
25
264
14
31
84
77
114
211
26

VC42
60.47
1.76
12.17
7.19
0.11
3.23
4.59
1.43
2.82
0.30
1.52
3.85
99.44

63
487
27
376
17
37
123
75
146
288
28

VC43
58.38
1.63
12.61
7.73
0.11
3.53
431
1.55
2.62
0.27
1.99
5.00
99.73

59
437
27
316
16
39
135
79
153
306
32

VC44
59.73
1.58
13.97
7.88
0.11
4.25
3.59
1.88
2.98
0.31
1.07
2.56
99.91

85
426
25
331
17
37
186
86
135
342
32
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Table A4.4.2continued.

SO,
TiO,
AlLO,
Fe,O,
MnO
MgO
CaO
Na,O
K,O
P,Os
H,O-
LOI

TOTAL

Rb
Sr
Y
Zr
Nb
Cu
Ni
Zn
\Y
Cr
Co

VC45
VC46
VCa7
VC48
H405
H411
H412
H413
H414
H415

VC45
57.99
1.54
13.38
7.64
0.09
4.49
3.80
1.86
3.08
0.31
1.80
3.62
99.60

79
425
22
322
16
32
197
86
137
377
32
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VC46
64.32
1.09
14.70
5.95
0.08
1.37
2.36
2.08
3.38
0.17
1.33
2.92
99.75

95
297
19
322
13
38
54
72
96
136
21

K2: burnished rim sherd
K2: burnished rim sherd

VCa7
60.64
1.51
13.51
7.98
0.11
5.24
3.67
1.99
2.55
0.26
0.51
1.40
99.37

88
404
25
327
17
55
266
88
128
398
37

VC48
63.16
151
14.39
1.47
0.11
3.21
3.44
2.30
2.73
0.38
0.34
0.88
99.92

96
385
25
350
17
57
161
86
120
272
30

H405
63.22
131
12.47
6.93
0.09
2.34
3.31
1.25
2.25
0.20
1.83
4.40
99.60

67
381
26
367
14
43
99
69
123
246
30

K2: line of oblique incisions

K2
K2
K2
K2
K2
K2
K2

303

H411
64.95
1.78
12.74
1.47
0.11
2.83
3.18
1.30
2.50
0.27
0.62
1.52
99.27

70
355
30
379
18
41
122
78
143
303
30

H412
62.64
1.52
12.58
7.15
0.10
3.10
3.52
1.24
2.49
0.30
1.26
3.65
99.55

67
453
27
297
17
47
121
82
139
291
30

H413
62.71
1.49
12.75
71.22
0.11
3.01
3.81
1.34
2.45
0.29
1.35
3.07
99.60

67
461
28
290
17
45
121
81
142
292
32

H414
59.61
1.45
13.53
8.26
0.12
4.94
3.28
1.70
2.40
0.23
1.17
3.00
99.69

80
370
26
306
16
51
251
88
146
387
41

H415
60.13
141
13.68
8.17
0.12
4.66
3.60
1.63
2.38
0.22
0.98
2.93
99.91

84
372
27
312
17
49
232
87
137
345
40
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Table A4.4.2continued.

SO,
TiO,
AlLO,
Fe,O,
MnO
MgO
CaO
Na,O
K,O
P,Os
H,O-
LOI
TOTAL

Rb
Sr
Y
Zr
Nb
Cu
Ni
Zn
\Y
Cr
Co

LM121
LM122
LM123
LM124
LM125
LM126
LM127
LM128
LM129
LM130

57.85
1.45
12.97
8.14
0.11
5.36
4.78
1.39
2.40
0.28
1.44
3.79

58.38
1.50
13.30
8.21
0.12
5.04
4.12
1.44
2.50
0.29
1.69
3.48

99.96 100.07

78
464
21
291
17
49
272
88
158
416
44

77
412
21
300
17
51
261
89
160
434
a7

K2
K2
K2
K2
K2
K2
K2
K2
K2
K2

63.96
0.83
14.03
4.95
0.06
1.27
291
1.58
3.01
0.16
1.66
4.5
98.92

112
296
11
249
11
33
37
64
85
106
17

60.16
1.49
14.48
8.95
0.13
5.30
3.48
1.58
2.27
0.25
0.34
0.93
99.36

91
364
24
317
19
56
256
96
169
437
46

63.40
1.42
13.20
7.01
0.10
3.43
3.50
1.70
2.44
0.23
0.66
1.83
98.92

82
377
19
343
16
39
157
72
144
319
36

304

61.13
1.43
14.18
6.79
0.10
2.90
3.31
1.66
2.95
0.25
1.44
3.22
99.36

88
371
17
325
16
57
123
79
133
215
24

67.75 59.09
0.77 1.70
15.13 13.65
5.65 9.27
0.09 0.13
155 6.02
156 3.85
096 1.72
241 2.33
0.13 0.29
1.12 0.71
2.27 1.67
99.39 100.43
69 84
176 447
17 24
211 353
11 21
38 62
70 326
69 95
113 171
178 549
28 50

61.17
1.50
13.80
7.24
0.10
431
411
1.62
2.62
0.64
0.57
1.57
99.25

87
506
19
326
17
48
198
85
143
364
40

LM121LM122LM123LM124LM125LM126 LM127 LM128 LM129 LM130

64.41
131
14.67
6.77
0.09
2.89
3.10
2.15
2.79
0.25
0.33
0.56
99.32

98
353
18
360
16
a7
138
73
126
265
32
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Table A4.4.2continued.

LM131 LM132 LM133 LM134 LM135 LM136A t17  t18 1255 t8
SO, 59.46 61.06 59.58 59.63 61.29 60.59 61.28 61.72 59.89 59.51
TiO, 146 126 122 162 155 133 124 117 216 2.13
AlLO, 13.28 14.40 14.58 13.15 14.02 14.88 15.09 15.06 16.24 16.15
Fe,O, 6.47 6.77 700 754 781 832 7.719 7.64 8.27 8.45

MnO 0.08 0.10 0.08 0.11 0.12 0.11 0.11 0.10 0.10 o0.11
MgO 321 249 265 427 392 230 1.71 180 229 230
CaO 405 287 297 4.04 362 3.40 262 247 469 473
Na,0 1.84 180 123 165 1.92 1.81 136 157 258 271
K,O 325 3.01 301 269 257 261 3.00 311 242 246
P,O. 069 020 032 025 0.24 024 028 0.3 0.37 0.39
H,O- 1.73 199 215 151 0.65 1.08 197 17 0.18 0.14
LOI 3.05 3.18 448 233 1.47 195 3.32 3.13 0.8 0.87
TOTAL 9857 99.13 99.27 98.79 99.18 98.62 99.77 99.77 99.99 99.95
Rb 84 93 86 78 88 82 90 91 88 86
Sr 522 367 361 478 401 254 224 243 404 405
Y 15 18 20 18 19 19 28 31 31 30
Zr 308 323 287 326 340 277 254 276 338 339
Nb 16 15 15 16 17 14 10 13 21 20
Cu 59 52 58 53 55 69 71 68 51 53
Ni 148 119 99 228 211 54 55 56 60 62
Zn 99 82 84 80 83 96 91 90 87 87
\Y 136 123 120 146 142 197 145 140 207 209
Cr 440 233 211 379 352 122 162 159 139 147
Co 33 33 34 46 39 38 28 28 27 26
LM131 K2
LM132 K2
LM133 K2
LM134 K2
LM135 K2
LM136A K2: Toutswe style: raised band
t17 K2: E195G: Toutswe style
t18 K2: E195G: Toutswe style
t255 K2: E195G: Toutswe style
t8 K2: E195G: Toutswe style

305

Document Produced by deskPDF Unregistered :: http://www.docudesk.com



Table A4.3.3.Datafor Leokwe Hill sherds.

LM201LM202 LM203 LM204 LM205LM206 LM207 LM208 LM209 LM210

SO, 62.86 65.33 52.3 70.65 61.22 64.5 63.81 63.78 65.83 64.40
TiO, 192 107 145 068 153 114 156 100 105 1.36
ALO, 1453 15.26 19.12 14.21 13.62 13.78 14.70 15.36 13.74 13.79
Fe,O, 776 581 757 494 737 6.03 6.90 6.15 6.25 6.92
MnO 0.09 0.08 0.11 0.08 010 0.09 0.10 0.08 0.09 0.09
MgO 164 149 233 139 216 249 282 196 301 1.77
CaO 325 267 463 161 292 258 353 216 260 256
Na,0 182 211 057 137 103 089 200 0.74 096 1.23
K,O 274 301 158 211 260 221 289 226 223 239
P,O. 0.34 0.16 0.18 0.18 0.23 0.18 0.34 0.20 0.17 0.22
H,O- 094 042 311 086 219 226 031 219 109 1.09
LOI 201 126 535 119 372 323 040 332 239 239
TOTAL 99.9 98.67 98.30 99.27 98.69 99.38 99.36 99.20 99.41 98.21
Rb 89 121 47 61 68 55 98 63 56 75
Sr 404 281 470 187 391 308 391 295 264 329
Y 21 15 25 11 24 18 20 19 17 22
Zr 346 320 247 200 336 231 348 197 235 332
Nb 20 13 20 5 18 13 16 12 11 16
Cu 62 40 51 34 42 43 42 43 40 43
Ni 51 47 65 64 88 118 100 89 133 86
Zn 86 72 97 66 81 75 83 81 73 78
\Y 175 109 201 97 157 136 145 133 117 149
Cr 119 136 170 161 262 267 248 209 283 248
Co 32 23 35 23 32 33 28 31 29 35
LM201 Leokwe Hill series
LM202 Leokwe Hill
LM203 Leokwe Hill: Leopards Kopje
LM204 Leokwe Hill
LM205 Leokwe Hill
LM206 Leokwe Hill
LM207 Leokwe Hill
LM208 Leokwe Hill
LM209 Leokwe Hill
LM210 Leokwe Hill
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Table A4.3.3.continued.

LM211LM212LM213LM214LM215LM216 LM217 LM218 LM219 LM220

SO, 65.45 64.10 66.19 62.43 58.15 64.84 56.31 64.94 60.34 61.63
TiO, 1.00 098 110 103 152 170 148 154 145 1.48
AlLO, 14.31 13.89 13.80 13.68 14.65 13.63 19.88 14.14 12.32 13.29
Fe,O, 5.72 557 635 627 787 794 785 743 7.25 741
MnO 0.08 008 0.11 0.09 0.11 0.10 0.09 0.11 0.09 0.08
MgO 169 183 284 319 208 282 193 203 3.68 210
CaO 225 214 245 249 333 314 290 265 3.69 298
Na,O 116 09 118 081 138 132 053 142 113 1.15
K,O 214 222 203 199 242 236 162 250 232 245
P,Os 0.15 0.5 0.17 0.17 0.27 025 018 025 023 0.24
H,O- 206 251 110 253 238 024 230 049 227 234
LOI 3.15 388 176 432 440 0.7/ 4.03 060 3.65 3.33
TOTAL 99.16 98.31 99.08 99.00 98.56 99.11 99.10 98.10 98.42 98.48
Rb 57 62 58 56 79 77 47 83 55 66
Sr 290 258 281 273 414 351 336 304 474 411
Y 17 17 19 17 24 26 26 25 18 24
Zr 238 241 296 220 304 386 288 369 318 332
Nb 11 12 13 11 18 20 23 18 15 17
Cu 39 42 43 a7 54 49 50 51 44 43
Ni 65 63 132 149 68 120 62 86 159 88
Zn 72 72 71 75 88 84 98 84 74 77
Vv 119 109 130 125 171 175 212 150 156 159
Cr 186 181 270 287 179 325 157 260 304 272
Co 28 30 35 33 36 39 31 35 35 37
LM211 Leokwe Hill
LM212 Leokwe Hill
LM213 Leokwe Hill
LM214 Leokwe Hill
LM215 Leokwe Hill
LM216 Leokwe Hill
LM217 Leokwe Hill
LM218 Leokwe Hill
LM219 Leokwe Hill
LM220 Leokwe Hill
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Table A4.3.3.continued.

LM221LM222 LM223 LM224 LM225LM226 LM227 LM228 LM229 LM230

SO, 62.64 62.43 65.97 60.33 62.55 64.53 62.92 61.44 61.64 58.46
TiO, 1.39 159 091 141 115 148 1.06 083 193 1.56
ALO, 14.85 12.70 12.88 14.02 14.52 13.61 13.51 15.42 12.91 14.42
Fe,O, 715 737 539 644 6.22 694 6.01 587 824 6.80
MnO 0.11 0.10 0.07 0.08 0.09 0.09 0.09 0.08 0.10 0.09
MgO 230 232 203 218 241 165 229 196 394 3.72
CaOo 310 292 212 331 253 261 244 164 370 3.23
Na,0 205 127 112 214 096 129 1.17 0.68 1.48 0.76
K,O 230 225 196 271 232 257 220 220 250 230
P,O. 0.15 0.19 0.17 0.18 0.19 0.23 0.17 0.12 0.30 0.30
H,O- 054 187 252 206 245 163 217 321 1.08 261
LOI 1.77 320 380 362 338 233 428 544 175 5.00
TOTAL 98.35 98.21 98.94 98.48 98.77 98.96 98.31 98.89 99.57 99.25
Rb 88 61 nd nd nd nd nd nd 68 63
Sr 322 380 nd nd nd nd nd nd 489 407
Y 20 24 nd nd nd nd nd nd 25 23
Zr 389 416 nd nd nd nd nd nd 353 293
Nb 16 17 nd nd nd nd nd nd 21 16
Cu 51 45 nd nd nd nd nd nd 54 49
Ni 70 83 nd nd nd nd nd nd 193 141
Zn 67 78 nd nd nd nd nd nd 86 92
\ 157 170 nd nd nd nd nd nd 169 152
Cr 198 252 nd nd nd nd nd nd 398 331
Co 31 39 nd nd nd nd nd nd 38 35
LM221 Leokwe Hill
LM222 Leokwe Hill
LM223 Leokwe Hill
LM224 Leokwe Hill
LM225 Leokwe Hill
LM226 Leokwe Hill
LM227 Leokwe Hill
LM228 Leokwe Hill
LM229 Leokwe Hill: K2
LM230 Leokwe Hill: 2Woodandale/Map
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Table A4.3.3.continued.

LM231LM232LM233LM234LM235LM236 LM237LM238LM239LM240

SO, 66.37 59.91 63.73 68.67 60.46 64.63 54.59 57.94 61.36 65.24
TiO, 078 199 160 063 175 067 075 159 196 1.23
ALO, 13.63 11.96 14.82 13.32 12.56 14.65 18.09 13.91 1293 14.01
Fe,O, 490 751 6.26 521 7.73 499 1240 7.13 8.58 6.64
MnO 0.07 0.10 0.04 0.10 0.12 0.04 0.06 0.08 0.13 0.10
MgO 152 360 062 109 345 038 161 312 393 277
CaO 242 408 154 149 450 199 145 386 437 3.23
Na,0 124 129 019 140 106 129 033 158 161 1.52
K,O 238 281 107 228 235 3.09 083 287 253 212
P,O. 0.12 038 0.214 0.7 037 019 0.23 033 0.37 0.20
H,O- 1.78 205 235 146 115 205 364 243 046 0.37
LOI 405 386 595 296 358 565 552 430 221 1.80
TOTAL 99.26 99.54 98.31 98.78 99.08 99.62 99.50 99.14 100.44 99.23
Rb 57 62 10 53 64 68 13 86 75 65
Sr 370 551 233 310 507 368 298 554 505 320
Y 15 24 39 16 24 8 5 20 29 20
Zr 233 362 199 246 366 439 116 319 372 288
Nb 11 20 9 10 18 8 7 16 22 15
Cu 27 46 101 33 47 16 72 53 66 46
Ni 67 174 68 59 153 32 122 118 172 127
Zn 62 81 53 58 85 38 62 92 97 74
\Y 97 161 587 109 173 76 257 139 191 141
Cr 190 386 225 164 344 92 206 259 403 318
Co 23 36 35 26 36 17 45 31 38 30
LM231 Leokwe Hill: K2

LM232 Leokwe Hill: K2

LM233 Leokwe Hill Zhizo A

LM234 Leokwe Hill ZA

LM235 Leokwe Hill ZA

LM236 Leokwe Hill Happy Rest A

LM237 Leokwe Hill Happy Rest A

LM238 Leokwe Hill ZB

LM239 Leokwe Hill ZB

LM240 Leokwe Hill ZB

309

Document Produced by deskPDF Unregistered :: http://www.docudesk.com



Table A4.3.3.continued.

LM241LM242 LM243 LM244 LM245LM246 LM247 LM248 LM249 LM250

SO, 54.86 60.25 59.40 58.56 63.57 65.54 62.74 58.82 57.80 63.17
TiO, 219 144 075 168 138 121 155 191 221 1.25
ALO, 15.35 15.69 17.66 13.20 13.90 13.77 13.31 14.29 13.10 14.45
Fe,O, 890 767 529 842 640 6.10 655 832 876 6.19
MnO 0.11 0.13 0.04 0.09 0.12 0.09 0.10 0.11 0.13 o0.07
MgO 240 335 1.03 379 295 263 321 234 489 1.62
CaOo 507 3.12 215 360 366 361 385 369 458 3.05
Na,0 1.717 098 240 114 116 118 1.18 133 166 1.37
K,O 251 231 239 260 245 210 236 214 247 248
P,O. 035 030 014 032 025 020 0.28 0.22 036 0.21
H,O- 204 072 309 265 127 067 1.11 201 053 2.03
LOI 329 274 499 349 226 257 320 321 131 358
TOTAL 98.78 98.7 99.33 99.54 99.37 99.67 99.44 98.39 97.80 99.47
Rb 72 75 56 62 56 60 58 57 76 71
Sr 740 393 815 511 436 394 457 433 580 494
Y 26 24 6 25 21 21 21 23 29 18
Zr 318 258 281 319 277 266 300 285 389 278
Nb 24 18 8 19 15 15 17 20 23 15
Cu 78 51 26 54 46 42 42 54 58 39
Ni 59 158 40 160 120 113 144 84 203 54
Zn 100 99 60 86 77 72 76 89 93 75
\ 202 164 86 172 137 130 148 220 193 131
Cr 111 380 74 363 288 281 312 178 378 140
Co 39 41 19 39 33 30 31 35 43 27
LM241 Leokwe Hill ZB
LM242 Leokwe Hill Zhizo B
LM243 Leokwe Hill ZB
LM244 Leokwe Hill: K2
LM245 Leokwe Hill ZB
LM246 Leokwe Hill ZB
LM247 Leokwe Hill
LM248 Leokwe Hill
LM249 Leokwe Hill
LM250 Leokwe Hill
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Table A4.3.3.continued.

LM251LM252 LM253LM254 LM255 VC31 VC32 HM44 HM45 HM47

SO, 63.69 65.42 61.77 66.43 57.78 63.41 56.31 58.71 58.82 58.88
TiO, 1.05 157 137 099 230 163 218 124 130 131
AlLO, 1548 12.41 13.30 13.96 11.69 14.49 14.21 14.33 14.36 14.56
Fe,O, 6.23 646 640 579 828 7.62 852 6.53 6.67 6.85
MnO 0.10 0.0r 0.09 0.10 0.112 0.11 0.13 010 011 0.11
MgO 203 231 298 234 461 205 398 312 318 3.27
CaO 245 313 340 335 502 301 363 323 331 3.06
Na,O 125 133 110 121 143 212 0.86 0.89 0.95 1.00
K,O 221 265 251 232 229 226 373 266 264 2.67
P,Os 016 0.26 0.23 0.14 038 0.63 0.7/ 023 0.24 0.28
H,O- 103 077 216 191 235 070 179 281 350 253
LOI 242 207 388 100 261 143 349 6.41 550 539
TOTAL 98.10 98.45 99.19 99.54 98.85 99.46 99.60 100.26 100.58 99.91
Rb 69 67 60 54 63 77 83 66 60 62
Sr 398 536 527 437 842 351 495 363 388 362
Y 22 19 20 17 26 27 33 21 22 23
Zr 317 303 273 244 379 391 339 232 239 240
Nb 14 17 16 12 23 18 24 12 14 13
Cu 37 35 34 32 60 40 64 49 51 51
Ni 91 84 127 95 197 75 156 122 126 128
Zn 73 66 80 67 91 78 104 80 83 87
Vv 127 151 152 118 201 140 176 153 163 161
Cr 255 257 310 226 456 184 352 310 331 337
Co 29 31 32 28 38 31 37 35 30 34
LM251 Leokwe Hill

LM252 Leokwe Hill

LM253 Leokwe Hill

LM254 Leokwe Hill ZB

LM255 Leokwe Hill ZB

VC3l Leokwe Hill

VC32 Leokwe Hill

HM44 Leokwe Hill

HM45 Leokwe Hill

HM47 Leokwe Hill
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Table A4.4.4.Datafor the Mapungubwe sherds.

Sample  H401 H402 H403 H404 H406 H407 H408 H409 H410 HA416

SO, 65.53 60.10 63.43 60.57 61.59 59.94 57.93 59.57 63.96 63.43
TiO, 110 178 167 150 108 136 156 159 105 141
AlLO, 1491 1435 15.09 13.22 15.31 15.09 12.25 1255 13.66 15.28
Fe,O, 6.78 755 764 767 589 6.71 799 824 6.60 7.45
MnO 0.117 0.13 0.13 0.11 0.09 0.08 0.10 0.11 0.08 0.10
MgO 196 357 193 345 153 226 6.11 6.38 223 243
CaO 235 431 316 497 345 265 457 437 274 249
Na,O 223 186 287 207 195 196 208 214 195 234
K,O 246 281 280 229 298 301 239 227 251 252
P,Os 017 032 021 0.19 0.15 021 025 0.27 0.20 0.28
H,O- 067 08 034 0.77 126 212 118 057 177 0.72
LOI 123 206 056 282 399 446 256 158 295 1.18
TOTAL 99,50 99.69 99.83 99.63 99.27 99.85 98.97 99.64 99.70 99.63
Rb 86 95 102 84 99 96 69 74 69 92
Sr 230 478 380 379 351 357 522 500 327 299
Y 20 27 26 25 21 24 22 22 15 26
Zr 302 361 451 378 342 323 295 299 263 376
Nb 12 16 18 18 12 14 15 16 9 17
Cu 40 56 45 a7 39 87 43 46 39 44
Ni 62 116 61 146 54 74 314 332 102 85
Zn 81 93 80 73 68 84 76 81 73 78
\Y 127 150 137 141 105 131 148 154 98 134
Cr 149 283 153 277 130 181 479 485 207 216
Co 28 30 30 30 24 28 37 40 26 27
H401

H402

H403

H404

H406

H407

H408

H409

H410

H416
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Table A4.4.4.continued.

Sample  H417 H418 H419 H420 H421 H422 ml1l14 ml12 ml2A mi3

SO, 62.98 63.82 56.49 65.14 64.25 63.70 62.35 64.47 64.90 63.60
TiO, 1.3 092 128 1.12 126 105 118 1.15 1.18 1.20
AlLO, 15.00 14.38 16.93 14.42 14.13 13.66 15.07 14.05 14.60 15.00
Fe,O, 727 541 1278 693 6.25 6.63 6.15 585 584 6.05
MnO 0.11 0.05 0.08 005 0.09 0.08 0.07 0.07 0.07 0.08
MgO 245 126 116 119 202 231 163 142 148 1.30
CaO 271 231 133 139 325 279 274 230 226 2.64
Na,O 223 188 038 059 204 190 156 169 165 1.92
K,O 266 315 128 096 268 251 289 312 314 2091
P,Os 059 030 018 012 0.21 0.20 0.25 0.17 0.5 0.19
H,O- 1.00 197 236 217 113 177 169 092 091 1.60
LOI 1.79 417 548 564 238 3.08 392 457 382 3.64
TOTAL 100.14 99.62 99.73 99.72 99.69 99.68 99.50 99.78 100.00 100.13
Rb 88 98 13 14 86 67 110 93 92 94
Sr 343 266 169 209 343 330 342 306 29 310
Y 26 18 19 18 21 16 18 24 23 25
Zr 368 285 134 197 329 2568 273 301 309 334
Nb 16 12 7 6 13 10 10 12 12 14
Cu 40 44 99 67 49 43 55 48 46 55
Ni 90 44 176 124 75 102 59 55 54 54
Zn 82 73 54 51 72 75 67 58 59 70
\Y 130 98 401 238 111 105 131 136 132 121
Cr 208 108 379 387 174 217 153 163 164 143
Co 29 23 58 34 24 27 20 20 18 24
H417

H418

H419

H420

H421

H422

ml114

ml2

m12A

ml13
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Table A4.4.4.continued.

Sample ml4 ml5 ml6 m206 m207 m208 m209 m210 m211 m212

SO, 61.55 65.17 60.26 59.58 61.58 63.04 61.41 61.11 60.28 59.59
TiO, 1.37 141 125 037 147 158 151 157 1.10 1.12
AlLO, 1499 1542 15.51 20.45 13.80 14.38 14.43 14.54 14.09 15.04
Fe,O, 6.61 6.76 6.68 405 6.62 6.86 793 7.21 599 6.03
MnO 0.09 0.09 0.08 007 011 0.10 0.13 0.10 0.09 0.09
MgO 155 217 155 272 273 246 354 262 211 251
CaO 294 272 355 427 440 336 4.14 342 365 3.90
Na,O 205 210 220 074 18 161 184 189 173 1.60
K,O 282 307 312 152 230 283 250 266 265 290
P,Os 0.22 0.27 024 015 037 030 0.26 024 0.16 0.14
H,O- 1.26 003 097 211 116 081 030 127 192 161
LOI 402 084 456 456 283 262 141 353 500 5.05
TOTAL 99.47 100.05 99.97 100.59 99.23 99.95 99.40 100.16 98.77 99.58
Rb 95 114 102 47 91 94 102 102 110 119
Sr 397 344 345 213 384 324 369 372 314 365
Y 27 31 28 5 22 20 26 26 19 19
Zr 334 359 301 79 305 288 342 330 290 307
Nb 16 18 16 0 15 12 17 17 10 10
Cu 66 37 50 27 54 61 58 71 54 47
Ni 58 84 57 76 56 63 135 58 51 52
Zn 74 71 77 35 65 72 77 81 69 68
\Y 143 145 154 51 172 161 187 166 123 134
Cr 142 220 163 204 159 142 241 140 143 134
Co 27 21 26 22 25 24 31 26 21 22
ml4

ml15

ml16

m206

m207

m208

m209

m210

m211

m212

314
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Table A4.4.4.continued.

Sample m213 m214 m254 m70 m85 x215 hpl hp2 hp3 hps

SO, 61.13 63.17 63.40 64.10 59.29 61.62 59.37 62.08 59.76 61.76
TiO, 111 123 121 115 108 131 0.68 181 110 1.75
AlLO, 12.67 13.72 13.90 15.52 16.18 15.46 12.16 12.58 11.91 12.52
Fe,O, 763 6.10 6.22 599 6.93 684 889 786 811 8.12
MnO 0.12 0.120 0.09 0.0 0.08 0.11 0.14 0.1 0.09 0.11
MgO 251 263 205 162 158 280 6.31 484 290 484
CaOo 402 278 275 267 350 297 224 423 3.69 438
Na,0 072 174 231 344 177 200 146 129 035 1.20
K,O 173 249 252 283 319 300 172 255 116 243
P,0Os 0.18 0.14 0.16 024 021 0.20 0.09 0.18 0.05 0.27
H,O- 242 096 108 0.16 137 055 151 046 287 0.32
LOI 6.28 326 341 179 475 211 459 183 7.73 1.73
TOTAL 100.52 98.32 99.10 99.51 99.93 98.97 99.16 99.82 99.72 99.43
Rb 72 99 86 110 93 112 52 66 23 64
Sr 285 281 305 292 319 348 342 426 187 430
Y 25 21 24 23 25 26 14 25 19 27
Zr 269 329 381 412 242 336 103 371 163 370
Nb 11 11 15 15 13 16 4 18 6 18
Cu 52 45 39 40 49 52 67 57 82 53
Ni 75 75 75 63 65 81 633 218 143 212
Zn 71 59 58 61 79 71 95 80 61 80
Vv 189 151 141 133 138 153 126 163 249 164
Cr 209 196 202 177 180 207 1429 475 311 463
Co 36 26 25 24 22 22 53 29 32 38
m213

m214

m254

m70

m85

x215

hpl

hp2

hp3 Khami style

hp4
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Table A4.4.4.continued.

Sample LM101LM102LM103LM104LM105LM106 LM107 LM108LM109 LM110

SO, nd 65.13 64.85 62.63 62.35 60.69 63.86 60.85 63.29 60.03
TiO, nd 120 094 128 122 142 108 131 112 1.36
AlLO, nd 13.10 13.58 16.02 14.38 14.19 14.72 12.86 16.20 12.88
Fe,O, nd 6.09 879 694 640 7.18 547 6.24 6.08 6.98
MnO nd 009 013 0.11 0.08 0.11 0.07 0.08 0.08 0.10
MgO nd 158 106 179 182 284 129 278 134 395
CaO nd 250 124 250 217 397 257 460 254 362
Na,O nd 192 095 280 190 157 195 157 181 175
K,O nd 306 205 327 283 250 299 257 276 256
P,Os nd 019 025 0.19 028 0.70 0.13 0.19 0.22 0.64
H,O- nd 144 157 051 195 0.78 172 148 064 132
LOI nd 266 318 082 322 277 273 458 233 425
TOTAL nd 98.96 98.59 98.86 98.60 98.72 98.58 99.11 98.41 99.44
Rb 32 90 76 111 83 81 99 74 102 80
Sr 197 333 194 284 284 434 302 384 270 ar7
Y 81 15 24 21 18 21 15 18 19 18
Zr 409 291 166 379 372 338 358 355 321 346
Nb 21 13 12 17 15 16 13 15 15 17
Cu 71 52 132 56 68 59 41 45 42 52
Ni 140 70 135 65 60 112 47 96 51 181
Zn 110 65 91 70 66 80 61 65 77 112
\Y 222 122 187 125 118 147 103 135 129 132
Cr 375 196 349 161 186 235 125 235 132 336
Co 51 25 47 29 30 32 20 27 26 35
LM101

LM102 Eilandstyle
LM103 Eilandstyle
LM104

LM105 ?Wodandde style
LM106

LM107

LM108

LM109

LM110
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Table A4.4.4.continued.

Sample LM111 LM112LM113LM114LM115LM116 LM117LM118LM119LM120

SO, 62.44 63.80 57.36 62.20 64.52 61.72 58.58 65.72 62.15 62.73
TiO, 1.79 125 207 125 117 130 161 087 159 135
AlLO, 14.74 1549 19.56 15.28 15.21 14.24 13.85 14.36 13.46 13.41
Fe,O, 842 6.68 857 721 645 6.72 734 508 7.21 6.69
MnO 0.12 0.10 0.13 0.11 0.09 0.09 0.12 0.0/ 0.11 0.09
MgO 222 157 240 180 146 237 363 112 286 2.73
CaO 298 275 3.78 310 260 284 421 248 334 342
Na,O 222 175 102 204 225 196 162 177 137 152
K,O 240 280 161 266 289 272 277 304 255 257
P,Os 021 0212 0.22 025 0.27 044 032 034 0.23 0.23
H,O- 029 064 09 0./78 049 130 148 130 166 1.67
LOI 098 171 186 2.7/8 122 292 323 262 285 290
TOTAL 98.81 98.75 99.48 99.46 98.62 98.62 98.76 98.77 99.38 99.31
Rb 94 103 46 101 104 89 81 102 72 79
Sr 286 321 333 318 290 386 442 327 402 377
Y 23 20 29 22 19 21 19 14 23 19
Zr 405 333 267 326 356 365 361 277 341 305
Nb 20 17 23 17 16 16 16 13 18 16
Cu 59 65 70 60 53 52 53 51 56 63
Ni 71 59 76 62 60 97 159 47 115 118
Zn 83 80 98 87 74 75 81 60 81 79
\Y 217 123 232 137 122 139 153 99 158 126
Cr 185 140 194 163 147 227 316 118 266 225
Co 33 29 37 34 29 31 37 23 36 33
LM111
LM112
LM113
LM114
LM115
LM116
LM117
LM118
LM119
LM120
317
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Table A4.4.4.continued.

Sample MXO01 MX02 MX03 MX04 mxjl mxj2

SO, 64.07 61.13 65.15 61.04 65.09 63.86
TiO, 142 115 135 1.71 0.73 0.71
AlLO, 15.58 15.65 12.73 15.93 14.81 16.26
Fe,O, 6.39 808 743 846 6.34 6.78
MnO 0.10 0.11 0.10 0.13 0.04 0.11
MgO 190 250 202 295 153 1.39
CaO 3.20 432 315 364 190 1.44
Na,O 239 242 159 213 1.78 1.29
K,O 357 278 276 323 138 3.28
P,Os 0.17v 0.22 0.15 0.22 0.13 0.37
H,O- 0.23 038 0.76 0.26 1.44 1.47
LOI 098 146 270 1.08 4.45 2.96
TOTAL 100.00 100.20 99.89 100.78 99.62 99.62
Rb 109 84 64 92 29 146
Sr 293 259 225 286 297 177
Y 23 21 23 30 13 29
Zr 342 253 322 354 187 194
Nb 13 10 9 16 11 16
Cu 43 57 46 56 50 57
Ni 79 70 68 112 120 63
Zn 72 81 68 83 40 53
\Y 118 135 155 143 178 99
Cr 169 165 175 217 398 167
Co 26 31 32 33 37 37
MXO01

MX02

MXO03

MX04

mxj1 Eiland style
mx;j 2 Eiland style
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Table A4.4.5.Datafor sherds from miscdlaneous stesin the LimpopoValley.

LM629 LM630LM631LM632LM633 LM634a LM634bLM601 LM602LM603
SO, 55.63 61.05 61.32 52.32 61.48 54.96 52.79 65.49 66.40 66.92
TiO, 194 168 130 169 1.29 1.49 144 104 096 1.07
AlLO, 20.13 14.29 13.97 19.97 13.80 19.68 21.02 14.56 13.58 12.79
Fe,O, 835 730 6.30 8.43 6.38 7.74 768 7.03 584 6.36
MnO 0.11 0.08 0.09 0.12 0.08 0.12 0.10 0.09 0.11 0.09
MgO 206 220 282 215 295 1.69 183 3.18 281 218

CaO 3.72 3.75 335 410 342 3.43 3.29 286 294 2381
Na,O 085 141 181 0.70 1.89 0.66 054 132 129 158
K,O 168 261 3.08 159 3.04 1.74 169 196 206 227
P,Os 019 031 0.22 0.21 0.22 0.23 0.16 0.16 0.15 O0.16
H,O- 175 141 163 215 156 2.60 241 036 087 0.79
LOI 3.59 229 237 507 242 4.05 532 1.02 182 232
TOTAL 100.00 98.38 98.26 98.50 98.53 98.39 98.27 99.07 98.83 99.34
Rb 45 84 89 46 90 45 48 68 58 62
Sr 322 418 369 302 370 343 249 268 425 369
Y 26 21 16 29 17 28 26 20 18 17
Zr 279 340 349 292 357 285 274 265 256 258
Nb 24 19 15 24 16 22 22 13 12 12
Cu 33 67 43 63 43 70 53 45 39 a7
Ni 63 68 119 69 132 58 66 143 124 86
Zn 90 76 67 98 68 90 93 78 71 63
Vv 224 144 99 207 110 194 201 153 118 126
Cr 156 115 218 169 242 142 168 380 343 204
Co 37 31 30 38 29 32 35 35 32 32

LM629 Site222AD 15: Mapurgubwe period 12201300
LM630 Site2229AD 15: thin bad sherd

LM631  Site2229AD 15: K2 sherd

LM632  Site22297D 15

LM633  Site2229AD 15

LM634a Site22297D 15

LM634b Site2229AD 15

LM601 Baobab 2229AD 6: Zhizo period. Blouberg sherd
LM602  Baobab: Blouberg sherd

LM603 Baobab: K2 sherd
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Table A4.4.5.continued.

LM604 LM605LM606 LM607 LM608 LM609 LM610LM611LM612LM613

SO, 60.92 61.81 70.28 60.74 60.58 62.63 58.28 64.53 67.98 59.65
TiO, 125 126 094 129 124 113 207 100 091 191
ALO, 13.28 13.78 12.04 1493 13.63 14.23 11.87 13.77 14.48 12.90
Fe,O, 6.75 7.19 693 6.67 634 625 7.79 589 555 8.40
MnO 0.11 0.12 0.08 0.10 0.08 0.08 0.09 0.08 0.10 0.12
MgO 385 388 066 299 308 167 4.04 271 194 391
CaO 3.72 337 162 354 311 3.07 436 328 294 429
Na,0 099 112 025 075 094 127 115 111 136 1.15
K,O 212 212 157 216 225 210 281 214 209 250
P,O. 0.34 024 0.16 032 023 019 037 018 0.15 0.35
H,O- 191 119 132 194 306 214 247 141 039 1.72
LOI 291 203 330 360 4.07 370 3.00 273 140 3.05
TOTAL 98.15 98.11 99.15 99.03 98.61 98.46 98.30 98.83 99.29 99.95
Rb 55 58 43 57 59 55 65 57 68 65
Sr 628 523 320 605 539 519 685 517 266 727
Y 19 20 16 24 21 19 26 18 18 27
Zr 255 273 247 250 255 249 358 248 278 336
Nb 14 14 8 15 14 14 22 12 12 22
Cu 42 44 40 41 52 43 58 40 35 67
Ni 206 213 63 137 129 63 152 131 77 156
Zn 77 81 45 85 78 74 91 69 69 95
Vv 139 151 159 142 149 137 189 136 109 209
Cr 366 387 183 326 306 149 379 261 214 399
Co 38 40 35 34 31 29 38 35 28 47
LM604 Baohab K2 sherd
LM605 Baohab K2 sherd
LM606 Baobab Klingbeil sherd
LM607 Baobab Zhizo sherd
LM608 Baohab
LM609 Baohab
LM610 Baohab
LM611 Baohab
LM612 Baohab
LM613 Baohab
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Table A4.4.5.continued.

LM614LM615LM616 LM617 LM618 LM619 LM620LM621LM622 sh151

SO, 58.84 57.51 61.45 62.62 61.30 60.93 59.20 58.89 64.10 62.06
TiO, 148 189 211 099 142 127 132 181 145 1.16
AlLO, 14.44 12.79 12.48 13.86 13.90 13.56 13.84 14.84 13.44 14.51
Fe,O, 725 847 863 579 695 6.29 724 8.02 7.27 6.57
MnO 0.10 0.12 0.13 0.09 0.09 0.08 010 0.11 0.10 0.12
MgO 246 411 347 219 241 3.02 4.09 264 286 3.30
CaO 428 460 394 312 341 339 353 499 351 279
Na,O 150 126 139 108 137 090 125 164 130 1.14
K,O 182 227 258 226 265 218 216 1.8 225 219
P,Os 016 045 041 020 0.29 0.27 025 023 030 0.25
H,O- 189 163 066 240 1.70 299 232 146 055 1.34
LOI 3.73 320 132 399 298 384 326 230 149 441
TOTAL 97.95 98.30 98.57 98.59 98.47 98.72 98.56 98.78 98.62 99.84
Rb 49 64 71 55 75 55 56 48 70 56
Sr 377 741 576 594 579 617 646 573 460 415
Y 21 28 30 17 20 19 20 22 21 24
Zr 311 342 377 246 283 246 287 316 342 239
Nb 16 22 21 12 15 14 14 20 16 12
Cu 63 56 52 37 34 a7 46 59 50 a7
Ni 67 167 164 92 78 121 207 67 102 142
Zn 71 97 92 73 79 78 74 79 74 82
Vv 189 206 194 117 157 120 1/6 194 148 127
Cr 182 441 423 244 229 294 418 175 258 218
Co 31 40 42 27 35 29 38 32 32 22

LM614 Baobab
LM615 Baobab
LM616 Baobab
LM617 Baobab
LM618 Baobab
LM619 Baobab
LM620 Baobab
LM621 Baobab
LM622 Baobab
shl51 Den Staa: K2 period site
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Table A4.4.5.continued.

SO,
TiO,
AlLO,
Fe,O,
MnO
MgO
CaO
Na,O
K,O
P,Os
H,O-
LOI

TOTAL

Rb
Sr
Y
Zr
Nb
Cu
Ni
Zn
\Y
Cr
Co

sh152
sh153
sh154
sh155
sh156
sh157
sh158
sh159
sh160
sh161

sh152 sh153
62.26 59.63
0.58 1.65
11.43 13.60
9.39 8.08
0.17 0.13
414 4.97
225 4.04
0.82 1.83
1.77 2.58
0.19 0.32
242 041
410 1.95
99.52 99.19
50 77
196 501
13 24
127 319
5 17
51 55
279 251
84 88
154 149
356 326
33 30
Den Staa
Den Staa
Den Staa
Den Staa
Den Staa
Den Staa
Den Staa
Den Staa
Den Staa
Den Staa

sh154 sh155
62.06 65.90
095 1.04
1491 15.20
6.05 6.12
0.10 0.11
207 2.25
192 1.95
1.15 1.80
2.38 245
0.18 0.26
250 1.30
5.25 210
99.52 100.48
55 57
403 300
21 22
192 197
10 12
43 44
9% 107
81 86
128 122
164 174
19 19

sh156
63.95
1.52
13.10
7.13
0.11
3.26
3.27
1.45
2.51
0.26
0.86
2.03
99.45

61
441
27
339
16
46
139
83
149
250
25

322

sh157
61.08
1.48
15.65
7.66
0.11
2.48
3.30
1.58
2.17
0.23
1.39
2.46
99.59

50
389
27
273
16
69
76
91
163
139
27

sh158 sh159
64.19 66.59
1.47 1.00
13.13 14.17
6.85 5.28
0.10 0.07
232 1.18
3.11 2.42
154 2.32
2.84 3.06
0.25 0.19
145 1.24
270 254
99.95 100.06
61 87
398 390
26 17
334 285
15 10
41 37
85 37
77 65
149 88
541 70
21 16

sh160
55.65
1.75
19.43
8.37
0.12
2.63
3.81
1.00
1.82
0.28
1.37
3.15
99.38

48
438
33
288
23
56
70
117
210
254
25

shl61
68.25
0.73
13.84
5.05
0.09
1.49
1.63
1.21
2.33
0.21
1.80
3.26
99.89

56
307
18
185
9
33
75
70
95
123
16
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Table A4.4.5.continued.

SO,
TiO,
AlLO,
Fe,O,
MnO
MgO
CaO
Na,O
K,O
P,Os
H,O-
LOI
TOTAL

Rb
Sr
Y
Zr
Nb
Cu
Ni
Zn
\Y
Cr
Co

sh162

LM623
LM624
LM625
LM626
LM627
LM628

sh162LM623 LM624 LM625LM626 LM627 LM628

62.60
1.24
14.62
5.79
0.07
1.60
2.87
2.06
3.41
0.17
1.61
2.94
98.98

92
487
17
318
17
63
107
83
132
221
29

51.54
3.16
13.96
12.4
0.15
1.73
3.83
1.81
3.46
0.67
0.69
5.15
98.55

53
959
41
521
32
49
63
128
221
129
53

59.48
1.50
12.26
7.63
0.11
5.17
4.94
1.88
2.28
0.31
0.62
2.47
98.65

76
583
21
323
17
48
227
76
158
425
42

62.21
1.22
22.07
6.86
0.09
1.18
1.46
0.74
151
0.17
0.08
1.18
98.77

56
286
28
329
21
32
52
77
176
146
32

Edmonsberg (222AD5): Mapungubwe period

63.15 62.27
142 1.20
12.74 14.56
6.89 6.61
0.09 0.09
3.19 237
3.56 2.90
1.58 1.97
2.60 3.36
0.45 0.17
1.29 0.89
270 191
99.66 98.30
59 88
575 464
24 19
307 328
14 16
38 50
122 100
75 76
132 119
362 197
21 32
Den Staa
Edmonsberg
Edmonsburg: K2 sherd
Edmonsberg
Edmonsberg
Edmonsberg
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57.79
1.78
15.11
7.41
0.08
1.82
3.75
1.92
2.94
0.18
1.82
3.73
98.33

87
638
20
319
19
49
53
84
177
138
35



Table A4.5.1.Datafor the Mutokowe sherds and spindle whorls.

Sample FW42 FW43 FW44 Fw45 FW46 FW47 FW01 FWO02 FWO03 Fwo04

SO, 60.89 67.90 61.08 55.56 60.37 52.14 58.30 67.29 52.87 65.25
TiO, 095 076 093 09 173 29 0.7/ 090 324 1.09
AlLO, 1791 1391 17.88 17.41 13.98 1559 17.22 13.16 15.53 14.55
Fe,O, 565 6.69 5.70 10.07 11.65 1145 9.22 6.35 11.93 7.91
MnO 0.05 0.0r 0.06 0.09 0.08 0.10 0.09 0.04 0.09 0.08
MgO 050 423 051 314 068 248 272 115 186 1.13
CaO 053 107 052 305 0.75 362 283 099 277 1.26
Na,O 084 133 089 047 020 134 084 095 167 1.19
K,O 496 236 496 056 064 228 043 1.7/0 256 1.99
P,Os 0.12 025 0.17 0.16 0.17 049 018 0.13 063 0.21
H,O- 299 039 294 186 403 301 297 319 252 1389
LOI 421 089 432 6.04 512 400 419 382 3.70 2.77
TOTAL 99.60 99.85 99.96 99.37 99.40 99.46 99.76 99.67 99.37 99.32
Rb 147 92 145 17 29 69 17 61 74 70
Sr 412 246 414 76 46 587 53 133 598 159
Y 27 16 27 14 29 41 16 16 59 25
Zr 275 253 264 119 222 405 131 311 503 389
Nb 15 11 14 5 10 21 6 8 26 11
Cu 59 32 57 101 111 111 52 44 129 81
Ni 78 330 80 159 75 85 114 50 68 52
Zn 43 67 43 65 50 95 59 44 109 58
\Y 152 108 155 266 407 252 1/8 126 202 119
Cr 215 931 222 422 149 99 213 108 46 91
Co 22 36 24 45 44 39 47 21 41 29

Fw42: Motokawe A: T9 audience damber

FW43: Motokawe A: T9 audience damber

Fw44: Motokawe A: T9 audience damber

FW45: Motokawe A: T9 audience damber

FWA46: Motokawe A: T9 audience damber

FWA47: Motokolwe B: Tshivhambo T8; spinde whorl
FWO01: Motokawe B: Cooking hut T7 Khami style
FWO02 Motokawe B: Cooking hut T7 Khami style
FWO03: Motokawe B: Cooking hut T7 Khami style
FWO04: Motokawe B: Cooking hut T7 Khami style
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Table A4.5.1continued.

Sample

SO,
TiO,
AlLO,
Fe,O,
MnO
MgO
CaO
Na,O
K,O
P,Os
H,O-
LOI

TOTAL

Rb
Sr
Y
Zr
Nb
Cu
Ni
Zn
\Y
Cr
Co

FWO05:
FWOe6:
FWO7:
FW23:
FW24:
FW25:
FW26:
FW27:
FW28:
FW29:

FW05 FW06 FWO7 FW23 FW24 FW25 FW26 FW27 FW28 FW29

63.90

0.88
14.17
10.85

54.92

1.48
23.94
12.86

0.06
1.25
0.99
0.57
0.86
0.34
0.82
131
99.40

0.09
1.01
2.03
0.74
0.35
0.23
1.54
3.78
99.57

39
126
20 30
124 177
6 11
165 105
87 184
72 74
254 378
279 480
46 48

13
81

Motokowe B:
Motokowe B:
Motokowe B:
Motokowe B:
Motokowe B:
Motokowe B:
Motokolwe B:
Motokowe B:
Motokowe B:
Motokowe B:

62.66 54.52 63.84
0.88 082 151
18.81 20.80 15.99
568 8.76 4.97
0.03 0.08 0.04
1.03 2.69 0.30
0.60 2.73 0.39
1.06 0.31 0.98
208 051 3.82
0.11 0.35 0.23
3.04 318 284
398 421 421
99.96 98.96 99.12
83 19 90
207 49 349
30 18 20
267 124 738
11 5 18
45 73 37
147 125 35
74 71 40
149 284 153
415 241 102
23 39 15

67.77
0.81
13.77
4.88
0.11
1.14
0.93
1.04
2.55
0.14
2.67
3.97
99.78

68
297
23
309
12
104
56
65
158
103
29

Cooking hut T7 Khami style
Cooking hut T7 large water pot no decoration
Cooking hut T7 Tavhatshena style sherd

rainmaking areaT5
rainmaking areaT5

,rim

59.61
1.34
16.80
8.16
0.05
0.91
0.26
0.09
0.28
0.25
4.83
6.65
99.23

8
10
14

176

5
92
93
48

360
348
36

rainmaking areaT5, decorated sherd

rainmaking areaT5
Cooking hut T7
Cooking hut T7
Cooking hut T7
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52.79
1.40
22.79
12.76
0.05
1.16
1.04
0.50
0.82
0.36
2.29
3.26
99.22

37
125
28
166
10
98
180
71
380
496
54

58.34
0.52
11.85
8.86
0.07
7.19
2.80
1.50
0.66
0.39
3.10
441
99.69

25
164
10
99
4
40
760
73
125
1813
53

50.16
1.56
21.86
12.72
0.06
1.26
0.56
0.22
0.58
0.34
4.62
5.63
99.57

25
84
28
183
9
93
167
68
389
432
58
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Table A4.5.1continued.

Sample

SO,
TiO,
AlLO,
Fe,O,
MnO
MgO
CaO
Na,O
K,O
P,Os
H,O-
LOI

TOTAL

Rb
Sr
Y
Zr
Nb
Cu
Ni
Zn
\Y
Cr
Co

FW30:
FW31:
FW32:
FW33:
FW34:
FW35:
FW3e6:
FW37:
FW38:
FW39:

FW30 FW31 FW32 FW33

FW34 FW35 FW36 FW37 FW38 FW39

51.90 65.62
1.36 0.65
21.87 13.72
11.58 5.64
0.06 0.05
0.99 155
0.92 142
0.44 0.60
0.80 2.04
0.55 0.43
3.96 271
543 5.19
99.86 99.62
34 90
123 213
23 18
150 221
7 6
82 51
157 57
65 54
395 99
471 115
46 21
Motokowe B:
Motokowe B:
Motokowe B:
Motokowe B:
Motokowe B:
Motokowe B:
Motokolwe B:
Motokowe B:
Motokowe B:
Motokowe B:
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59.74 59.05 69.34 53.76 51.25
096 0.89 117 094 1.29
13.97 14.28 9.63 18.43 19.61
9.99 10.09 9.11 11.04 10.36
0.10 0.112 0.04 0.10 0.06
1.84 225 0.72 276 094
1.74 239 061 342 0.63
0.33 057 0.15 0.70 0.51
0.48 0.67 045 046 0.72
0.12 0.20 0.08 0.20 0.62
498 369 321 3.16 553
561 558 517 498 850
99.86 99.77 99.68 99.95 100.02
26 32 20 20 30
43 59 27 78 117
14 15 18 21 13
141 149 230 130 149
5 5 7 6 5
75 142 95 115 90
96 100 58 116 140
58 58 37 74 58
239 236 309 320 253
140 160 183 186 363
54 48 39 50 48
Cooking hut T7
Cooking hut T7

rainmaking areaT5
rainmaking areaT5

rainmaking areaTb, rim sherd
rainmaking areaTb5, decorated sherd (overlapping horizontal li nes)

Bea hut T4

ThondoT2 messenger’s hut
ThondoT2 messenger’s hut
ThondoT2 messenger’s hut
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61.33
1.09
14.96
7.89
0.06
1.33
1.09
0.80
2.12
0.31
4.03
4.48
99.49

74
150
20
382
13
81
54
49
144
99
30

62.61
0.94
18.29
5.43
0.02
0.53
0.29
0.59
3.17
0.10
3.21
431
99.49

173
146
13
416
14
36
54
43
126
171
17

62.08
1.10
14.82
7.92
0.07
1.34
1.13
0.89
2.22
0.49
3.61
4.30
99.97

73
157
23
393
13
78
54
55
129
92
29
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Table A4.5.1continued.

Sample FW40 FW41 FW52 FW53 FW54 FW55 FW56 FW57 FW58 FW59

SO, 61.86 61.48 66.61 63.56 58.40 49.47 60.67 56.63 52.05 62.10
TiO, 1.11 107 079 106 236 043 101 138 297 0.93
AlLO, 15.09 14.85 15.87 15.38 20.70 15.44 14.70 16.47 15.63 18.44
Fe,O, 805 790 559 486 7.88 691 11.01 8.40 11.60 5.56
MnO 0.05 006 0.04 0.04 0.05 0.08 0.12 0.07 0.09 0.03
MgO 104 128 085 102 091 356 166 198 253 0.56
CaO 110 113 117 136 121 787 185 208 3.65 0.27
Na,O 096 095 0.10 118 045 047 082 040 130 0.63
K,O 187 217 020 468 095 149 046 054 226 3.09
P,Os 0.1 050 0.73 035 085 046 047 017 050 0.12
H,O- 421 374 291 200 230 377 261 452 3.08 334
LOI 439 427 482 377 341 955 427 685 386 4.39
TOTAL 99.90 99.40 99.68 99.26 99.47 99.50 99.65 99.49 99.52 99.46
Rb 61 77 14 147 29 79 27 35 68 168
Sr 158 155 164 362 200 288 192 66 600 146
Y 25 22 17 20 42 18 21 17 41 13
Zr 416 402 135 221 274 91 137 193 401 440
Nb 13 13 3 11 13 3 6 8 21 13
Cu 90 80 50 36 116 40 103 88 115 37
Ni 53 56 104 108 165 87 117 92 84 56
Zn 50 55 59 a7 86 51 72 69 95 44
\Y 131 125 203 184 447 124 239 309 257 132
Cr 101 91 209 352 377 118 253 234 86 172
Co 29 31 28 15 34 30 55 38 40 20

FW40: Motokowe B: ThondoT2 messenger’s hut, rim sherd

Fw41: Motokowe B: ThondoT2 messenger’s hut

FW52: Motokowe B: T1 midden A4/L4; spinde whorl

FW53: Motokowe B: T1 midden A4/L4; spinde whorl

FW54: Motokowe B: T1 midden A4/L4; spinde whorl

FW55: Motokowe B: T1 midden A4/L4; spinde whorl

FW56: Motokowe B: T1 midden A4/L4; spinde whorl

FW5T: Motokolwe B: T7/126/9; Mal oko sherd!!!!

FW58: Duplicae of FW47 (Motokdwe B: Tshivhambo T8; spindle whorl)
FW59: Duplicae of FW38 (Motokdwe B: ThondoT2 boys' hut)
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Table A4.5.1continued.

Sample FW60 FW61 FW62 FW63

SO, 59.69 57.29 60.37 53.75
TiO, 094 054 129 312
AlLO, 13.84 12.78 16.89 14.95
Fe,O, 994 911 825 11.78
MnO 0.12 0.07r 0.05 0.10
MgO 192 749 092 1.93
CaO 1.83 288 0.28 2381
Na,O 033 135 011 1.73
K,O 048 0.65 0.32 256
P,Os 0.11 0.47 0.26 0.64
H,O- 490 3.08 4.42 238
LOI 559 425 6.28 3.63
TOTAL  99.69 99.96 99.44 99.38
Rb 29 25 10 76
Sr 46 171 12 617
Y 14 11 15 43
Zr 144 94 175 517
Nb 6 5 5 27
Cu 76 41 87 134
Ni 99 815 95 70
Zn 59 75 50 117
\Y 232 121 355 204
Cr 154 1849 346 52
Co 56 58 37 40

FW60: Duplicae of FW32 (Motokdwe B: rainmaking areaT5)
FW61: Duplicae of FW28 (Motokadwe B: cooking hut T7)
FW62 Duplicae of FW26 (Motokdwe B: rainmaking areaT5)
FW63: Duplicae of FW03 (Motokawe B: Khami decorated sherd)
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Table A4.5.2.Datafor the miscdl aneous Venda sherds.

HM36 HM37 HM38 HM39 HM40 HM41 HM42 n221 n222 n223

SO, 69.20 67.33 58.68 59.08 55.69 56.09 55.81 64.88 67.60 60.28
TiO, 049 057 108 103 098 206 204 088 090 1.62
AlLO, 15.49 14.52 15,57 15.17 15.82 14.99 15.05 13.45 13.85 12.66
Fe,O, 465 482 966 9.09 970 1191 11.86 749 6.96 9.17
MnO 0.06 005 0.13 0.13 0.11 0.08 0.08 0.13 0.12 0.13
MgO 315 091 224 281 259 165 184 171 177 285
CaO 226 200 259 285 262 203 210 236 194 3.86
Na,O 3.0/ 094 206 200 204 120 134 081 0.76 1.28
K,O 150 386 198 182 245 126 181 197 154 1.49
P,Os 013 033 021 023 028 026 042 019 0.15 0.37
H,O- 022 112 167 150 166 222 172 164 137 2.03
LOI 057 334 434 446 595 645 6.20 3.77 280 3.76
TOTAL 100.79 99.79 100.21 100.17 99.89 100.20 100.27 99.28 99.76 99.50
Rb 43 181 67 55 64 35 42 74 71 46
Sr 339 139 305 310 284 164 177 314 238 334
Y 8 28 18 17 16 26 26 23 26 26
Zr 155 211 163 168 140 247 236 181 223 248
Nb 4 13 8 7 7 12 12 10 11 12
Cu 26 31 74 64 81 139 131 48 41 58
Ni 204 33 159 226 223 195 197 102 93 106
Zn 77 44 84 82 82 87 90 68 61 79
Vv 74 87 199 193 200 367 354 173 161 241
Cr 561 83 418 649 602 728 732 295 288 262
Co 27 19 47 53 48 56 59 33 31 37

HM36 2329BB4: Matshava: Venda hill top site
HM37 2329BB4

HM38 2329BB3: Manvhela: Venda

HM39 2329BB3

HM40 2329BB3

HM41 2329BB3

HM42 2329BB3

n221 2229DA7 Verulam: Mapungubwe period jar
n222 2229DA7 Verulam: Mapungubwe period jar
n223 2229DA7 Verulam: Mapungubwe period jar
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Table A4.5.2.continued.

d250 d39 d52 d81 HM34 HM35

SO, 65.04 65.64 61.68 63.74 58.90 69.01
TiO, 089 086 096 0.81 1.04 0.49
AlLO, 15.81 16.01 16.45 1541 16.27 14.77
Fe,O, 407 486 7.99 7.67 10.83 4.33
MnO 0.03 006 0.06 0.06 0.12 0.05
MgO 137 097 124 175 220 3.07
CaO 116 136 213 262 207 227
Na,O 1.07 132 159 264 122 281
K,O 532 321 142 114 115 134
P,Os 0.28 037 032 0.18 031 0.21
H,O- 142 146 178 0.79 228 043
LOI 338 336 416 3.01 396 1.52
TOTAL  99.84 99.48 99.78 99.82 100.35 100.30
Rb 159 118 55 30 23 39
Sr 471 331 287 321 199 345
Y 29 29 17 14 16 7
Zr 402 324 210 168 155 151
Nb 13 13 8 7 6 4
Cu 33 69 71 46 65 24
Ni 184 112 131 150 266 197
Zn 23 34 52 44 70 45
\Y 129 136 146 203 248 86
Cr 687 386 371 459 1130 530
Co 15 13 28 36 62 27
d250 2230CC2: Dzata

d39 2230CC2

d52 2230CC2

ds1 2230CC2

HM34 2329BB4: Matshava: Venda hill top site
HM35 2329BB4
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Table A4.5.3.Datafor the PrincessHill sherds.

SO,
TiO,
AlLO,
Fe,O,
MnO
MgO
CaO
Na,O
K,O
P,Os
H,O-
LOI

TOTAL

Rb
Sr
Y
Zr
Nb
Cu
Ni
Zn
\Y
Cr
Co

pm115
pm116
pm120
pml21
pm127
pm163
pm165
pm166
pm167
pm168

pm115 pm116 pm120 pm121 pm127 pm163 pm165 pm166 pm167 pm1638

57.50 63.97 62.11
149 081 094
18.25 10.56 10.42
5.05 4.66 5.66
0.03 0.07r 0.10
121 263 2.64
1.65 4.67 6.03
0.44 033 0.45
1.14 220 2.26
0.23 0.12 0.15
361 191 148
791 6.61 7.21
98.51 98.54 99.45
15 60 45
171 248 272
28 24 24
155 197 198
2 9 10
138 30 37
141 78 106
94 62 62
400 123 144
430 155 196
24 16 19

62.98
0.76
9.96
4.71
0.08
2.71
5.58
0.42
1.73
0.12
1.82
8.30

99.17

42
218
24
187
8
30
76
58
133
166
16

63.83
0.98
10.92
5.06
0.08
2.44
5.18
0.60
1.82
0.21
1.97
6.33
99.42

32
304
24
224
9
29
109
61
156
208
16

62.99
1.23
11.80
7.02
0.10
2.19
4.75
0.44
1.85
0.17
1.60
5.62
99.76

37
250
22
240
11
45
96
61
178
209
34

PrincessHill 2229DD2: Mapungubwe period

PrincessHill
PrincessHill
PrincessHill
PrincessHill
PrincessHill
PrincessHill
PrincessHill
PrincessHill
PrincessHill

. graphite
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63.89
0.72
10.47
7.62
0.08
2.08
4.67
0.39
1.63
0.10
1.68
6.46
99.79

29
160
11
120
5
43
104
67
149
200
37

60.59 76.30
0.78 1.04
12.57 11.75
9.07 4.10
0.09 0.03
230 0.58
440 0.53
043 0.29
213 1.28
0.33 0.09
125 1.06
598 3.50
99.92 100.55
28 5
224 62
12 11
113 164
5 4

49 62
126 74
91 33
160 203
235 121
45 11

65.28
0.85
11.66
4.94
0.06
2.11
3.33
0.44
1.70
0.09
2.17
7.15
99.78

33
151
20
195
8
37
71
56
165
153
24
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Table A4.5.3.continued.

pm169 pm170 pm171 pm172 pm173 pml74 pm175 pml176

SO, 67.25 69.41 63.72 61.99 65.49 70.61 59.19 70.79
TiO, 076 095 102 102 0.72 0.78 115 0.97
AlLO, 12.04 12.55 10.95 16.38 11.18 11.97 15.13 13.02
Fe,O, 470 505 535 899 643 5.09 1115 7.26
MnO 0.0r 0.08 0.10 0.08 0.10 0.09 0.10 0.10
MgO 190 218 289 113 202 157 150 1.73
CaO 356 325 519 242 575 277 295 192
Na,O 041 053 029 045 039 015 060 1.29
K,O 168 194 226 171 139 110 213 152
P,Os 0.11 0.13 0.19 0.23 0.10 025 0.24 0.14
H,O- 188 104 187 148 102 169 145 0.33
LOI 6.48 3.07 6.15 438 525 434 410 1.19
TOTAL 100.84 100.18 99.98 100.26 99.84 100.41 99.69 100.26
Rb 35 31 51 31 33 27 40 41
Sr 162 178 293 184 193 184 229 223
Y 21 23 25 21 19 23 27 19
Zr 204 232 207 189 155 216 229 241
Nb 10 11 11 9 8 11 12 7
Cu 30 29 33 43 41 33 66 42
Ni 65 94 95 94 96 72 148 95
Zn 59 61 64 78 62 52 91 63
\Y 142 153 144 202 148 154 184 152
Cr 131 177 197 208 170 154 239 314
Co 27 27 28 44 33 24 55 38

pm169  PrincessHill
pml170  PrincessHill
pml71  PrincessHill
pml1l72  PrincessHill
pml173  PrincessHill
pml1l74  PrincessHill
pml1l75  PrincessHill
pml176  PrincessHill
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Table A4.6.1.Datafor the Lydenburg areasherds.

Sample
SO,
TiO,
AlLO,
Fe,O,
MnO
MgO
CaO
Na,O
K,O
P,Os
H,O-
LOI

TOTAL

Rb
Sr
Y
Zr
Nb
Cu
Ni
Zn
\Y
Cr
Co

Sample
SL101
SL102
SL106
SL107
SL108
SL109
SL110
SL111
SL112
SL113

SL101 SL102 SL106 SL107 SL108 SL109 SL110 SL111 SL112 SL113
63.35 68.51 62.11

67.02 60.40 64.57
094 121 094
13.41 18.90 16.86
494 1223 8.23
0.05 0.10 O0.17
0.82 154 0.67
205 0.74 1.27
0.25 0.27 0.20
132 2.63 0.96
3.34 031 0.59
216 025 1.75
3.38 1.18 3.14
99.68 99.76 99.35

79 132 72
223 64 99
28 39 29
209 262 235

8 19 10
50 96 59
70 226 119
181 65 68
198 248 208
450 687 586
18 55 33

Site

Doornkop 253@&\B5
Doornkop 253@&\B5
Doornkop 253@&\B5
Doornkop 253@&\B5
Doornkop 253@&\B5
Doornkop 253@&\B5
Doornkop 253@&\B5
Doornkop 253@&\B5
Doornkop 253@&\B5
Doornkop 253@&\B5

66.48
1.09
20.81
6.79
0.06
0.96
1.08
0.22
1.04
0.15
0.14
0.79
99.61

59
36
36
241
11
89
150
80
291
645
31

1.05 0.96

0.85

18.00 13.00 16.11
6.04 7.48 10.39

0.08 0.09 0.07
0.83 0.64 1.88
151 0.88 1.25
0.18 0.11 0.15
1.77 119 1.00
0.48 0.66 0.77
194 209 1.72
456 3.34 3.48
99.79 98.95 99.78
90 89 64
109 70 112
29 36 32
233 227 228
10 12 11
65 40 45
105 87 236
84 65 53
191 173 206
440 314 1088
20 25 40
Phase
Lydenbug | east
Lydenbug |
Lydenbug Il ?
Lydenbug |
Lydenbug |
Lydenbug |
Lydenburg Il
Lydenburg Il
Lydenburg Il
Lydenburg Il
333
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63.06
0.94
13.98
7.94
0.07
0.69
1.35
0.16
1.02
1.583
3.18
5.05
98.97

57
108
26
217
7
51
91
62
198
ar7
23

61.30
1.16
14.59
8.17
0.11
0.68
0.91
0.21
1.15
1.26
4.35
5.38
99.27

55
69
32
243
12
59
92
68
215
463
29

65.15
1.03
14.87
7.96
0.08
0.80
1.28
0.16
1.09
1.48
0.14
4.92
98.96

55
91
27
220
8
58
101
78
213
504
26
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Table A4.6.1.continued.

Sample
SO,
TiO,
AlLO,
Fe,O,
MnO
MgO
CaO
Na,O
K,O
P,Os
H,O-
LOI

TOTAL

Rb
Sr
Y
Zr
Nb
Cu
Ni
Zn
\Y
Cr
Co

Sample
SL114
SL105
SL150
SL151
SL187
SL188
SL193
H252
H67
H72

SL114 SL105 SL150 SL151 SL187 SL188 SL193

65.25 64.26 60.57 70.46
0.82 0.89 0.98 0.93
13.11 13.63 14.93 13.27
959 09.00 945 9.22
0.22 0.05 0.08 0.05
059 091 117 0.64
138 113 151 0.92
0.13 030 041 0.32
084 095 1.18 0.64
0.73 0.23 0.47 0.05
249 342 410 1.04
409 422 507 151
99.24 98.99 99.92 99.05
68 50 65 33
109 42 64 27
25 27 27 26
215 204 216 226
7 8 8 8
46 60 75 62
109 90 116 90
58 64 79 51
210 250 282 246
479 436 486 413
43 32 33 32
Site
Doornkop 253@&\B5
Langdrad 2530AB24
Langdrad 2530AB24
Langdrad 2530AB24
Langdrad 2530AB24
Langdrad 2530AB24
Langdrad 2530AB24
Lydenbug Heads 2530AB4
Lydenbug Heads 2530AB4
Lydenbug Heads 2530AB4

H252

56.10 63.49 68.24 63.50
1.19 107 1.05 0.92

1498 15.79 15.48 14.12

12.82 7.98 10.24 9.49
0.10 0.08 0.08 0.05
120 102 137 0.72
225 169 124 124
049 040 0.36 0.29
098 1.18 0.98 0.94
045 0.24 0.09 0.18
381 243 024 3.72
519 3.71 0.43 4.96

99.56 99.08 99.80 100.13
41 54 54 42
68 67 41 44
25 26 28 28
183 215 234 199
10 9 11 9
74 65 68 59
119 102 106 96
70 72 70 52
360 266 240 253
454 485 516 401
66 43 54 30

Phase

Lydenburg Il

Langdrad

Langdrad

Langdrad

Langdrad

Langdrad

Langdrad
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H67 H72
65.16 62.98
091 0.87
14.11 14.00
8.39 9.50
0.10 0.08
0.85 2.39
1.38 3.44
0.32 0.93
1.06 0.86
0.16 0.17
3.02 1.74
433 3.16
99.79 100.12
59 51
59 82
20 25
178 170
7 8

65 69
103 86
51 59
272 250
415 339
34 37
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Table A4.6.1.continued.

H77A SL178 SL179 SL180 SL181 SL182 SL183 SL184 SL185

Sample H77
SO, 56.50 55.98 65.82 52.35 59.51
TiO, 096 096 090 093 1.01
ALO, 18.52 18.34 12.77 19.11 15.83
Fe,O, 13.80 13.58 6.50 12.51 9.92
MnO 046 054 0.09 0.33 0.08
MgO 134 111 085 127 094
CaO 117 134 205 1.78 0.99
Na,0 0.02 0.06 0.11 0.07 0.17
K,O 160 166 125 161 0.78
P,O. 033 035 3.08 283 0.36
H,O- 1.72 201 294 278 4.67
LOI 3.79 410 437 4.28 5.83
TOTAL 100.21 100.03 100.73 99.85 100.09
Rb 85 90 43 89 33
Sr 82 85 173 239 61
Y 28 32 20 35 25
Zr 196 213 209 181 212
Nb 13 15 9 12 10
Cu 65 64 49 63 64
Ni 339 348 86 255 146
Zn 35 33 105 98 56
\Y 291 298 160 279 289
Cr 1419 1396 431 1197 923
Co 112 135 31 108 56
Sample  Site
H77 Lydenbug Heads 2530AB4
H77A Lydenbug Heads 2530AB4
SL178 Lydenbug Heads 2530AB4
SL179 Lydenbug Heads 2530AB4
SL180 Lydenbug Heads 2530AB4
SL181 Lydenbug Heads 2530AB4
SL182 Lydenbug Heads 2530AB4
SL183 Lydenbug Heads 2530AB4
SL184 Lydenbug Heads 2530AB4
SL185 Lydenbug Heads 2530AB4
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57.99
0.80
14.02
13.05
0.19
3.63
2.48
0.48
0.59
0.86
1.81
3.28
99.18

23
106
19
145
7
94
304
91
270
1443
85

59.55
0.89
13.98
8.53
0.04
0.95
1.82
0.38
0.90
2.38
4.50
5.81
99.73

39
142
20
180
8
59
81
105
250
638
34

54.95
0.77
12.74
13.10
0.16
4.61
2.61
0.34
0.43
0.61
3.74
5.43
99.49

20
78
16
131
7
81
347
97
240
1557
103

61.63 65.12
1.27 0.87
15.45 15.02
8.83 5.32
0.06 0.03
1.00 0.59
1.73 1.24
049 0.24
1.58 0.67
1.87 1.83
2.22 3.95
3.53 5.37
99.66 100.25
61 25
168 152
24 19
207 204
16 8
60 46
73 79
94 63
211 248
403 523
36 29
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Table A4.6.1.continued.

Sample SL186 SL189 SL190 SL191 SL192 SL206 SL124 SL125 SL123 SL122

SO, 62.03 69.67 51.67 61.18 58.01 63.36 65.88 65.62 63.56 63.87
TiO, 128 057 091 087 070 084 085 084 059 1.17
ALO, 1551 10.65 14.32 11.78 13.32 14.60 15.48 15.49 11.06 14.92
Fe,O, 8.98 9.95 1497 1221 1233 5.20 498 4.88 10.17 10.63
MnO 005 0.13 0.11 0.14 025 0.04 0.03 0.03 0.112 o0.16
MgO 1.00 194 092 328 194 059 0.67 0.72 315 1.03
CaO 162 123 194 203 184 114 108 101 217 1.48
Na,0 047 063 043 050 048 0.27 025 025 0.66 0.26
K,O 161 043 076 079 045 0.72 0.75 080 0.65 1.37
P,O. 161 054 417 152 201 283 020 0.12 097 0.56
H,O- 244 140 434 200 3.70 4.04 4.03 393 261 1.20
LOI 371 197 519 333 445 589 546 594 384 271
TOTAL 100.31 99.11 99.73 99.63 99.48 99.52 99.66 99.63 99.54 99.36
Rb 61 18 30 24 16 28 29 32 18 55
Sr 149 51 278 127 133 180 69 61 108 86
Y 24 13 25 15 18 19 20 19 16 38
Zr 208 154 158 158 137 190 211 211 147 251
Nb 15 5 10 7 6 7 6 5 3 14
Cu 58 67 89 98 86 69 47 47 81 61
Ni 73 198 152 213 302 92 91 95 228 102
Zn 85 111 204 139 167 97 41 41 109 67
\Y 213 167 291 228 256 302 284 287 201 261
Cr 416 1010 637 1101 1451 607 632 636 1087 442
Co 36 65 74 65 92 29 16 17 47 44
Sample  Site Phase

SL186 Lydenbug Heads 2530AB4
SL189 Lydenbug Heads 2530AB4
SL190 Lydenbug Heads 2530AB4
SL191 Lydenbug Heads 2530AB4
SL192 Lydenbug Heads 2530AB4
SL206 Lydenbug Heads 2530AB4
SL124 Lydenbug Heads 2530AB4  Lydenbug |
SL125 Lydenbug Heads 2530AB4  Lydenbug |
SL123 Lydenbug Heads 2530AB4  Lydenbug |
SL122 Lydenbug Heads 2530AB4  Lydenbug Il
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Table A4.6.1.continued.

Sample SL126 SL128 SL134 SL129 SL130 SL131 SL177 SL198 SL199 SL200
SO, 59.49 53.28 63.64 62.08 55.33 60.28 61.66 57.42 56.96 57.67
TiO, 083 09 071 088 158 098 1.09 1.10 1.10 1.10
ALO, 14.63 14.05 13.25 17.13 14.18 15.88 16.71 14.53 14.71 14.70
Fe,O, 11.53 12.05 1259 11.35 15.97 10.65 6.46 1253 12.64 12.75
MnO 0.17 0.06 0.22 032 0.13 0.14 0.04 0.04 0.04 o0.04
MgO 129 140 489 156 210 055 0.68 0.66 0.62 0.68
CaO 206 221 246 111 101 099 066 0.75 0.78 0.73
Na,0 044 040 087 076 032 0.12 0.22 0.27 027 0.28
K,O 084 082 033 147 032 079 060 130 129 130
P,O. 142 504 005 045 0.07 230 060 191 161 1.20
H,O- 272 417 020 101 428 337 441 447 428 412
LOI 430 542 049 159 484 390 582 533 502 5.26
TOTAL 99.72 99.86 99.70 99.71 100.13 99.95 98.95 100.31 99.32 99.83
Rb 33 32 15 72 18 52 33 76 75 78
Sr 126 237 46 52 39 99 38 80 77 71
Y 28 25 22 33 26 32 23 23 24 23
Zr 178 166 145 173 186 229 208 207 207 203
Nb 9 8 6 11 9 11 8 14 14 14
Cu 79 98 93 131 171 60 67 49 49 47
Ni 152 117 330 161 209 107 88 70 71 72
Zn 104 164 86 104 115 102 63 89 90 93
\Y 277 341 209 278 393 219 209 253 251 253
Cr 744 583 1658 359 846 543 494 342 331 339
Co 52 40 74 58 69 45 30 58 59 59
Sample  Site Phase
SL126 Lydenbug Heads 2530AB4  Lydenbug i
SL128 Lydenbug Heads 2530AB4  Lydenbug Il
SL134 Lydenbug Heads 2530AB4  Lydenbug I
SL129 Klingbelil Klingbell
SL130 Klingbelil Klingbell
SL131 Klingbelil Klingbell
SL177 Klingbelil Klingbell
SL198 Klingbelil Klingbell
SL199 Klingbeil Klingbell
SL200 Klingbelil Klingbell

337

Document Produced by deskPDF Unregistered :: http://www.docudesk.com



Table A4.6.1.continued.

Sample
SO,
TiO,
AlLO,
Fe,O,
MnO
MgO
CaO
Na,O
K,O
P,Os
H,O-
LOI

TOTAL

Rb
Sr
Y
Zr
Nb
Cu
Ni
Zn
\Y
Cr
Co

Sample
SL201
SL202
SL203
SL204
SL205
SL152
SL153
SL154
SL155
SL156

SL201 SL202 SL203 SL204 SL205 SL152 SL153 SL154 SL155 SL156

57.58 59.82
1.12 1.05
14.65 16.05
1252 7.85
0.05 0.03
0.64 0.94
0.73 0.77
0.29 0.35
1.30 1.39
1.37 0.16
409 4.26
5.22 6.86
99.56 99.53
77 76
73 55
23 20
204 205
14 11
50 55
73 80
106 90
254 243
351 415
57 40
Site
Klingbelil
Klingbeil
Klingbell
Klingbell
Klingbelil
Kli pspruit
Kli pspruit
Klipspruit
Klipspruit
Klipspruit

61.20
1.07
15.87
7.55
0.04
0.91
0.79
0.32
1.40
0.14
4.07
6.40
99.76

76
59
22
202
11
55
75
60
241
404
41

59.87
1.08
16.04
7.76
0.04
0.98
0.81
0.34
141
0.10
3.80
1.27
99.50

77
57
21
206
11
54
78
105
233
393
40

55.63 61.90
0.89 0.91
17.05 14.66
10.66 8.63
0.22 0.07
1.26 1.26
1.14 292
0.45 0.45
1.14 1.47
0.14 1.78
5.10 231
5,79 3.91
99.47 100.27
55 91
50 193
25 28
162 202
9 9
118 69
147 102
83 106
302 222
356 429
71 27
Phase
Klingbell
Klingbell
Klingbell
Klingbell
Klingbell
Kli pspruit
Kli pspruit
Kli pspruit
Kli pspruit
Kli pspruit
338

58.42
0.64
14.55
11.78
0.18
4.40
2.51
0.56
1.01
0.29
2.00
3.64
99.98

39
100
20
122
5
72
223
95
218
877
58

59.26
0.80
17.78
12.86
0.12
3.97
0.80
0.18
1.26
0.26
0.61
1.87
99.77

72
49
24
164
8
71
595
97
263
2749
71

55.62
0.64
17.34
14.69
0.19
5.83
0.69
0.13
1.08
0.20
1.26
2.20
99.87

67
41
20
121
7
71
782
109
252
3091
90

66.72
1.06
17.79
6.77
0.05
1.37
0.86
0.15
1.45
0.37
1.06
2.20
99.85

79
52
26
234
11
53
210
74
265
1312
27
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Table A4.6.1.continued.

Sample
SO,
TiO,
AlLO,
Fe,O,
MnO
MgO
CaO
Na,O
K,O
P,Os
H,O-
LOI

TOTAL

Rb
Sr
Y
Zr
Nb
Cu
Ni
Zn
\Y
Cr
Co

Sample
SL157
SL158
SL159
SL160
SL161

SL157 SL158 SL159 SL160 SL161

60.19 60.98 60.47
1.60 0.75 0.77

19.49 18.00 17.92

11.02 11.86 11.72
0.07 0.33 0.26
159 320 3.16
228 176 1.95
0.57 0.61 0.63
1.17 137 1.67
0.19 0.08 0.23
0.36 0.21 0.28
1.02 0.60 1.02

99.55 99.75 100.08
41 84 92
68 76 75
44 22 24
225 137 137
12 7 8
144 69 78
146 154 144
111 114 124
284 246 244
566 494 484
40 57 49

Site

Klipspruit

Klipspruit

Klipspruit

Klipspruit

Kli pspruit
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56.54
1.18
18.94
11.59
0.13
1.59
1.10
0.30
1.88
0.32
2.17
3.40
99.14

89
56
29
181
11
76
164
109
306
597
74

61.79
1.44
20.76
8.56
0.05
0.85
1.11
0.35
0.97
0.50
1.07
2.49
99.94

48
67
28
226
13
85
144
74
354
590
50

Phase

Kli pspruit
Kli pspruit
Kli pspruit
Kli pspruit
Kli pspruit
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Table A4.6.2.Datafor the Mokopane sherds.

vm06 vmO7 vm08 vm09 vml0 vmll vml2 vml3 vml4 vmil5

SO, nd 56.75 59.49 73.36 61.71 59.62 57.73 50.53 67.40 55.51
TiO, nd 083 090 055 105 126 074 033 059 0.70
AlLO, nd 17.53 16.25 12.75 17.35 15.24 16.63 22.93 13.17 16.85
Fe,O, nd 930 843 478 1116 894 928 6.04 639 7091
MnO nd 0.07 005 005 011 0.06 0.09 0.11 0.12 0.04
MgO nd 149 122 049 119 0.70 064 376 122 042
CaO nd 195 118 056 122 0.78 0.65 997 422 0.27
Na,O nd 032 030 011 029 019 042 129 038 0.21
K,O nd 073 102 068 099 127 290 0.77 132 354
P,Os nd 015 037 0.18 0.08 0.08 0.15 0.17 0.18 1.36
H,O- nd 364 357 158 100 431 374 070 097 465
LOI nd 6.28 583 381 244 584 565 215 325 7.25
TOTAL nd 99.04 98.61 98.9 98.59 98.29 98.62 98.75 99.21 98.71
Rb 44 35 55 30 42 52 138 12 61 169
Sr 33 64 57 39 66 71 56 239 100 44
Y 20 14 10 9 20 45 44 2 19 54
Zr 172 170 189 161 216 449 427 63 225 429
Nb 10 6 8 4 9 16 20 5 10 21
Cu 68 69 54 36 75 83 57 29 30 53
Ni 81 88 66 43 80 80 61 82 53 32
Zn 78 68 74 43 79 74 91 43 49 75
Vv 298 356 284 215 2/5 298 178 99 133 136
Cr 329 311 252 180 257 171 114 171 158 85
Co 54 52 38 25 45 50 46 35 38 29

vmO6 6599Bokpoat Mokopane
vmO7 6599Bokpoat Mokopane
vmO08 6599Bokpoat Mokopane
vmO09 6600Buffelshoek Mokopane
vml10 6600Buffelshoek Mokopane
vmll 6597Bli edensfarm Mokopane
vml2 6597Bli edensfarm Mokopane
vml3 6597Bli edensfarm Mokopane
vml4 6597Bli edensfarm Mokopane
vml5 6598Holmsleigh, Mokopane
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Table A4.6.2.continued.

vmlé vml7 vml8 vml9 vm20 vm21 vm22

SO, 61.96 56.77 54.38 70.95 65.26 56.16 63.6
TiO, 0.75 0.74 082 037 065 0.84 0.29
AlLO, 14.11 16.36 18.12 14.84 18.71 17.48 17.89
Fe,O, 6.55 516 782 277 578 945 351
MnO 0.0/ 0.03 0.04 0.02 0.02 0.06 0.01
MgO 059 058 125 0.16 095 151 0.25
CaO 123 15 116 0.71 052 1.89 0.55
Na,O 094 059 206 153 0.57 039 0.30
K,O 336 383 534 280 3.02 0.74 277
P,Os 174 162 015 135 0.65 0.13 0.03
H,O- 288 330 208 136 0.81 3.63 3.99
LOI 467 758 510 206 178 6.16 5.15
TOTAL 98.85 98.12 98.32 98.92 98.72 98.44 98.34
Rb 150 173 140 127 133 32 129
Sr 221 215 128 111 101 67 51
Y 25 35 31 8 54 18 5
Zr 314 352 321 92 272 174 134
Nb 17 19 16 13 14 7 4
Cu 25 19 12 24 13 70 40
Ni 61 28 42 20 38 88 33
Zn 89 72 51 43 49 67 17
Vv 77 9% 112 51 81 355 50
Cr 210 85 82 78 95 310 104
Co 27 22 26 8 21 44 17

vml6 6598Holmsleigh, Mokopane
vml7 6598Holmsleigh, Mokopane
vml8 6598Holmsleigh, Mokopane
vm19 6598Holmsleigh, Mokopane
vm20 6598Holmsleigh, Mokopane
vm21 6599Holmsleigh, Mokopane
vm22 6602Mozoto Dam, Zebediela
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Table A4.6.3.Datafor the Eiland Salt Works ste.

Sample b45 b63 b83  b90 hi hl10 hll hl1llA h2  h2A

SO, 51.07 62.49 62.31 64.72 67.62 63.57 67.83 66.78 54.34 54.13
TiO, 128 044 070 109 083 117 0.63 062 115 1.07
ALO, 22.68 1356 22.24 17.73 18.02 16.62 16.04 16.42 18.09 17.47
Fe,O, 947 7.07 6.15 435 407 752 438 439 9.03 8.87
MnO 0.09 0.05 0.07 005 002 004 001 0.02 010 0121
MgO 092 572 054 026 006 025 038 035 316 257
CaO 573 184 419 142 106 125 106 1.08 7.12 7.45
Na,0 078 136 124 220 188 221 156 166 1.38 1.95
K,O 079 0.77 146 211 272 239 152 165 057 0.62
P,O. 0.07 0.05 0.06 013 005 0.06 0.08 0.05 0.12 0.16
H,O- 193 194 009 19 109 135 170 182 126 0091
LOI 559 493 110 372 266 371 477 556 356 4.32
TOTAL 100.40 100.22 100.15 99.74 100.08 100.14 99.96 100.40 99.88 99.63
Rb 34 44 52 80 120 98 62 48 27 24
Sr 334 207 168 250 253 301 249 269 262 278
Y 18 6 18 9 14 34 8 12 19 21
Zr 109 113 153 117 176 203 137 149 125 128
Nb 7 2 7 2 9 10 1 5 7 7
Cu 59 25 39 22 16 32 15 12 57 56
Ni 119 484 70 35 21 26 28 28 166 177
Zn 27 31 30 29 26 44 24 24 39 38
\Y 216 126 104 97 113 192 99 99 201 201
Cr 339 1558 164 74 77 103 96 100 477 477
Co 34 39 27 12 11 11 4 7 29 29
b45 2/74 Eiland Salt Works: EIA
b63 2/74 Eiland Salt Works: EIA H70
b83 2/74 Eiland Salt Works: EIA
b90 2/74 Eiland Salt Works: EIA
hl 4/74 Eiland Salt Works: Letaba style, LIA
h10 4/74 Eiland Salt Works: Letaba style, LIA
hll 4/74 Eiland Salt Works: Letaba style, LIA
h1lA 4/74 Eiland Salt Works: Letaba style, LIA
h2 4/74 Eiland Salt Works: Letaba style, LIA
h2A 4/74 Eiland Salt Works: Letaba style, LIA
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Table A4.6.3continued.

Sample h9 1109 110 251 137 i41 161 i62 162A i65
SO, 52.03 66.02 53.18 59.12 63.16 51.44 56.05 56.24 56.41 53.68
TiO, 156 112 079 063 094 096 150 094 090 1.28

AlLO, 20.78 15.16 19.10 19.01 17.03 22.04 18.54 18.40 17.40 18.23
Fe,O, 1024 481 806 578 573 790 7.69 878 9.09 7.79

MnO 0.14 0.02 0.06 0.02 003 0.06 0.12 0.05 0.06 0.08
MgO 229 042 160 021 008 101 101 0.69 119 222
CaO 7.77 178 452 217 141 492 452 274 276 4.19
Na,0 141 079 038 086 0.76 049 0.73 029 0.20 0.76
K,O 039 207 090 205 130 060 053 1.00 1.00 0.58
P,O. 0.07 0.06 0.07 0.04 010 0.12 0.08 0.05 0.07 0.09
H,O- 055 3.10 445 396 348 395 358 414 420 4.47
LOI 246 478 657 599 6.06 635 551 6.46 7.00 6.54
TOTAL  99.69 100.13 99.68 99.84 100.08 99.84 99.86 99.78 100.28 99.91
Rb 21 74 45 70 60 33 24 48 53 27
Sr 273 230 230 318 93 146 191 181 176 165
Y 18 12 12 14 18 8 25 25 19 26
Zr 109 186 95 137 177 66 181 145 128 177
Nb 8 4 1 4 9 7 9 6 3 8
Cu 74 18 73 28 31 59 42 77 74 50
Ni 135 28 146 51 55 110 101 140 138 80
Zn 40 21 28 27 21 21 26 21 24 31
\Y 243 172 219 126 179 271 201 265 256 214
Cr 319 107 420 188 161 232 258 336 313 218
Co 49 6 43 14 16 30 43 42 44 26
h9 4/74 Eiland Salt Works: Letaba style LIA
1109 6/74F Eiland Salt Works: phase 1 Silver Leaves dyle (AD 350-500)
i110 6/74F Eiland Salt Works: phase 1 Silver Leaves dyle
i251 6/74F Eiland Salt Works: phase 1 Silver Leaves dyle
137 6/74E EBland Salt Works:. phase 3 Eiland style (AD 900-1300
i41 6/74E EBland Salt Works:. phase 3 Eiland style
i61 6/74E EBland Salt Works:. phase 3 Eiland style
162 6/74F Eiland Salt Works: phase 1 Silver Leaves dyle
i162A 6/74F Eiland Salt Works: phase 1 Silver Leaves dyle
i65 6/74E EBland Salt Works:. phase 3 Eiland style
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Table A4.6.3continued.

Sample i66 i82 i93

SO, 55.29 59.67 59.86

TiO, 0.67 0.66 0.64

ALO, 17.01 19.44 19.56

Fe,O, 7.22 530 5.40

MnO 0.06 0.02 0.02

MgO 2.72 024 0.25

CaO 154 153 1.85

Na,0 066 1.01 1.25

K,O 099 205 1.99

P,O. 0.08 0.04 0.04

H,O- 454 3.95 3.47

LOI 8.64 6.07 5.76

TOTAL  99.42 99.98 100.09

Rb 66 69 71

Sr 173 217 254

Y 10 14 15

Zr 107 147 148

Nb 1 5 5

Cu 45 35 35

Ni 290 58 55

Zn 1 26 27

\Y 160 130 127

Cr 869 220 217

Co 54 16 14

166 6/74E EBland Salt Works:. phase 3 Eiland style
182 6/74F Eiland Salt Works: phase 1 Silver Leaves dyle
193 6/74F Eiland Salt Works: phase 1 Silver Leaves dyle
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Table A4.6.4.Datafor Phalaborwa sherds.

a24 a5 a6 a&a27 1103 199

SO, 58.01 63.95 nd 64.59 61.69 53.31
TiO, 0.85 0.53 nd 090 328 1.39
ALO, 18.87 17.08 nd 16.53 16.58 15.20
Fe,O, 6.88 5.71 nd 876 5.63 13.87
MnO 0.07 0.03 nd 0.08 0.08 0.08
MgO 1.31 1.45 nd 1.37 043 1.19
CaOo 4,00 1.45 nd 242 0.09 1.46
Na,0 1.57 1.66 nd 228 0.01 0.38
K,O 1.14 2.26 nd 215 057 0.22
P,O. 0.09 0.19 nd 0.21 0.10 0.08
H,O- 1.82 1.96 nd 0.04 406 4.24
LOI 521 4.14 nd 0.71 759 8.61
TOTAL  99.82 100.41 nd 100.04 100.11 100.03
Rb 42 138 77 132 30 12
Sr 181 194 254 159 17 71
Y 14 12 10 43 15 21
Zr 102 171 149 133 322 176
Nb 2 5 6 16 12 9
Cu 49 27 48 52 161 96
Ni 71 149 63 72 59 250
Zn 37 25 40 48 48 30
\ 137 85 98 146 695 415
Cr 202 409 190 180 257 1116
Co 25 12 12 24 13 76
a24 14/64 Phalaborwa
a2 14/64 Phalaborwa
a26 14/64. Phalaborwa
a27 14/64 Phalaborwa
1103 K 29F
199 K 29F Silver Leaves
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Table A4.7.1.Datafor the Type R and aher Northern Cape potsherds.

ak50 akb51 akb2 ak53 ak54 ak55 ak56 ak57 ak58  ak59

SO, 69.12 55.27 61.49 66.81 62.44 62.70 63.84 62.20 65.32 60.00
TiO, 066 074 156 0.79 134 132 133 133 0.70 0.82
AlLO, 16.13 16.02 18.39 16.31 14.60 27.21 27.59 27.14 15.17 14.71
Fe,O, 6.45 12.77 517 7.48 1502 569 492 281 5.57 10.93
MnO 0.10 0.15 0.05 0.23 0.12 0.05 0.0/ 0.10 0.08 0.13
MgO 198 455 139 211 109 040 041 053 1.62 552
CaO 050 169 065 117 106 0.34 0.27 047 228 148
Na,O 052 016 0.15 0.68 0.15 0.04 0.03 0.06 167 0.59
K,O 391 082 6.14 278 251 049 050 127 293 275
P,Os 0.18 120 0.10 0.14 0.11 020 0.12 0.19 0.11 0.23
H,O- 0.08 153 066 023 042 008 014 042 060 0.48
LOI 060 465 400 159 155 121 0.75 381 380 272
TOTAL 100.23 99.55 99.75100.32100.41 99.73 99.97 100.33 99.85 100.36
Rb 146 28 196 127 105 23 23 44 119 58
Sr 79 102 102 106 69 153 154 85 231 63
Y 41 23 41 31 53 a7 48 31 29 19
Zr 218 179 268 213 244 460 468 331 211 160
Nb 14 12 15 15 14 21 22 20 14 9
Cu 82 113 22 84 219 68 66 60 60 57
Ni 68 271 61 55 88 40 41 69 34 156
Zn 73 70 29 112 109 35 34 41 85 117
Vv 118 225 244 202 253 180 163 194 114 195
Cr 126 968 180 143 121 193 195 371 83 351
Co 21 40 14 24 46 9 12 13 13 58

ak50 Nokanna south of farmhouse; 18thC Tswana
ak51 Kinderdam west of engravings; ?2CLSA/IA
ak52 Tlhame nr farmhouse: ?ZCLSA/IA

ak53 Loch View nea stone walli ng; CLSA

ak54 Lukas Jantji e Stad; 19thC Tswana

ak5s5 Lukas Jantji e Stad; 19thC Tswana

ak56 Lukas Jantji e Stad; 19thC Tswana

aks7 Lukas Jantji e Stad; 19thC Tswana

ak58 Rooikop 302ZC; CLSA ?Karoo Herder
ak59 Doornlaagte nea engravings, ?Type R
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Table A4.7.1continued.

Al A2 A4 A5 A6 A8 A9 A10 All1 Al12

SO, 61.49 61.42 59.54 61.06 60.11 46.58 63.29 55.36 65.80 67.04
TiO, 08 085 073 158 079 052 0.78 092 0.73 0.78
ALO, 19.60 21.07 15.63 12.58 12.60 13.15 19.89 19.71 13.25 15.93
Fe,O, 8.85 9.16 8.05 11.16 7.47 28.79 7.25 1246 591 5.96
MnO 0.26 0.16 0.12 0.15 0.17 0.17 0.07 0.48 0.09 0.08
MgO 184 186 315 231 303 169 193 219 179 1.88
CaO 1.08 114 417 282 471 380 091 288 302 1.99
Na,0 024 062 105 148 083 024 0.22 0.16 057 0.83
K,O 286 240 171 194 143 146 338 3.09 196 234
P,O. 025 020 0.16 026 036 208 0.15 155 0.31 0.22
H,O- 0.08 0.08 154 093 163 0.13 042 011 134 0.19
LOI 210 091 424 364 663 128 1.13 092 478 2.80
TOTAL 99.51 99.87 100.09 99.91 99.76 99.89 99.42 99.83 99.55 100.04
Rb 149 130 82 38 20 81 153 166 71 96
Sr 75 100 162 281 209 151 57 162 185 130
Y 38 48 28 22 14 48 37 55 27 30
Zr 201 205 170 210 157 167 208 167 228 222
Nb 17 18 9 10 3 22 15 21 10 13
Cu 45 49 56 72 52 58 48 56 27 37
Ni 63 49 53 142 56 31 37 56 35 34
Zn 113 121 88 67 57 106 100 136 77 67
\Y 200 213 168 239 167 229 150 193 130 144
Cr 201 159 212 218 307 99 103 153 132 152
Co 32 35 31 100 65 59 23 36 22 21
Al Driekopseiland: Type R
A2 Driekopseiland; Type R
A4 Ramah: herder pot with speaularite
A5 Moirdale: herder rather than Type R
A6 Moirdale: herder rather than Type R
A8 Klipfontein 4 TypeR
A9 Klipfontein 4: TypeR
A10 Klipfontein 4 TypeR
All Klipfontein 4 TypeR
Al12 Klipfontein 4: TypeR
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Table A4.7.1continued.

Al13 Al4 Al15 Al6e Al7 Al18 Al19 A20 A21 A22

SO, 61.11 66.59 62.73 63.47 62.76 62.30 61.09 70.01 56.46 78.62
TiO, 064 075 084 091 084 083 092 071 0.78 0.58
ALO, 16.04 17.63 14.62 18.23 16.11 16.07 18.12 16.49 16.01 8.84
Fe,O, 583 6.14 450 786 701 717 782 6.85 8.82 6.02
MnO 0.11 0.19 0.07 0.16 0.08 0.08 0.14 0.13 0.13 0.05
MgO 1.79 157 171 221 246 248 3.13 168 427 0091
CaO 411 099 3838 090 483 500 1.04 157 481 1.60
Na,0 065 066 051 061 059 060 059 0.77 073 0.21
K,O 285 284 273 372 230 224 469 139 152 0091
P,O. 065 026 042 019 019 020 052 031 0.23 o0.07
H,O- 0.70 0.15 0.89 0.11 013 0.13 031 0.27 058 041
LOI 544 190 6.76 165 256 273 141 0.00 550 1.03
TOTAL  99.92 99.67 99.66 100.02 99.86 99.83 99.78 100.18 99.84 99.25
Rb 110 115 86 146 100 98 150 55 65 28
Sr 194 86 140 85 172 172 92 103 176 75
Y 31 30 29 35 30 30 31 29 27 15
Zr 205 207 216 182 212 209 164 205 183 237
Nb 11 14 12 18 15 15 20 13 13 4
Cu 38 22 26 40 33 35 44 43 48 33
Ni 30 71 30 76 38 37 99 62 46 37
Zn 87 93 67 94 70 69 114 97 73 47
\Y 107 206 145 166 159 163 181 203 160 130
Cr 106 188 142 210 181 186 348 209 202 132
Co 19 27 15 31 21 24 35 23 31 20
Al13 Klipfontein 4: TypeR

Al4 Klipfontein 3 TypeR

A15 Klipfontein 3 TypeR

Al6 Klipfontein 3 TypeR

Al7 Klipfontein 2 TypeR

A18 Klipfontein 2 TypeR

A19 Klipfontein L TypeR

A20 Klipfontein L TypeR

A21 Klipfontein 1 TypeR

A22 Witsand: CLSA, ?HG
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Table A4.7.1continued.

A23 A24 A25 A26 A27 A28 A29 A30 A31 A32
SO, 64.24 64.88 65.67 61.30 54.15 68.26 50.69 54.79 72.08 59.12
TiO, 071 0.712 131 144 170 103 194 126 096 140
AlLO, 14.85 15.05 20.03 26.13 25.33 20.89 16.07 18.47 19.85 31.51
Fe,O, 1145 1154 6.58 6.68 11.16 2.72 20.45 11.06 2.66 3.98

MnO 0.09 0.11 0.09 0.08 0.07 0.09 0.09 0.07 0.07 o0.06
MgO 150 154 040 067 061 020 1.15 0.46 045 0.28
CaOo 208 200 042 046 089 065 082 067 055 0.62
Na,0 0.47 046 020 0.18 0.18 0.04 0.212 0.13 0.07 o0.10
K,O 143 137 120 083 352 133 548 291 147 0.2
P,O. 0.15 0.19 0.12 0.08 0.21 0.12 0.10 0.13 0.10 0.17
H,O- 052 035 046 034 023 065 036 089 0.04 o0.21
LOI 237 153 326 177 183 348 251 921 181 1.77
TOTAL 99.86 99.73 99.74 99.96 99.88 99.46 99.87 100.05 100.11 99.74
Rb 53 56 37 26 145 39 247 120 42 12
Sr 140 124 58 53 76 47 42 49 35 87
Y 24 25 27 34 40 19 35 30 18 26
Zr 237 248 292 383 355 229 246 295 225 433
Nb 9 10 13 16 18 11 18 14 9 15
Cu 43 43 47 52 70 16 161 63 17 26
Ni 85 90 42 38 89 29 143 70 35 27
Zn 35 40 53 54 90 30 139 79 31 26
\ 173 181 284 268 253 127 308 192 112 229
Cr 374 405 474 323 281 450 175 256 388 431
Co 44 46 18 27 50 13 55 28 12 14
A23 Witsand: CLSA, ?HG
A24 Witsand: CLSA, ?HG
A25 Meidekop: CLSA, ?HG
A26 Meidekop: CLSA, ?HG
A27 Kathu Nature Reserve: LIA
A28 Kathu Nature Reserve: LIA
A29 Kathu Nature Reserve: LIA
A30 Kathu Nature Reserve: LIA
A3l Kathu Nature Reserve: LIA
A32 Kathu Nature Reserve; LIA

349

Document Produced by deskPDF Unregistered :: http://www.docudesk.com



Table A4.7.1continued.

A33 A39 A3BIN A3BUI A3M A7 ATBIN A7TBUI A7M
SO, 51.07 66.18 63.89 63.32 62.89 61.48 61.81 61.14 60.33
TiO, 167 042 091 089 088 1.09 111 113 1.09
AlLO, 23.13 10.16 16.55 16.42 16.85 19.59 20.06 19.72 19.25
Fe,O, 1409 769 926 885 910 839 8.76 8.83 8.46

MnO 0.09 009 023 023 023 0.08 011 0.11 o0.10
MgO 0.79 950 264 262 259 100 106 1.21 1.03
CaOo 1.38 210 199 204 194 088 0.92 0.88 0.82
Na,0 0.16 0.28 0.70 0.72 0.73 0.24 0.27 0.29 0.25
K,O 364 195 274 280 271 129 128 145 1.25
P,O. 0.12 0.21 033 035 031 0.16 0.24 0.22 0.17
H,O- 0.39 0.07 0.02 0.05 0.08 031 0.06 0.11 0.15
LOI 338 131 161 206 128 577 457 5.04 7.00
TOTAL  99.91 99.96 100.87 100.35 99.59 100.28 100.25 100.13 99.90
Rb 163 45 136 135 131 37 46 50 39
Sr 75 72 135 137 136 111 107 117 118
Y 42 14 30 29 31 29 23 23 26
Zr 301 119 223 215 223 250 255 250 265
Nb 17 3 13 13 15 10 8 9 11
Cu 112 26 48 51 52 59 60 62 64
Ni 119 607 72 68 68 32 35 35 34
Zn 108 98 106 106 104 70 70 73 71
\ 333 90 172 169 179 212 185 204 217
Cr 297 1376 212 207 214 192 180 179 218
Co 64 55 38 34 34 23 30 33 32
A33 Kathu Nature Reserve; LIA

A39 Dithakong; thick sherd

A3BIN  Driekopseland; Type R; inner surfaceof sherd
A3BUI Driekopseiland; Type R; outer surfaceof sherd
A3M Driekopseiland; Type R; centre of sherd

A7 Omdraad; LIA/CLSA; whale sherd

A7BIN  Omdrad; LIA/CLSA; inner surfaceof sherd
A7BUI Omdraad; LIA/CLSA; outer surfaceof sherd
ATM Omdraa; LIA or CLSA; centre of sherd
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Table A4.7.2.Datafor various sdiments form the Northern Cape.

A50 A51 A52 A53 A54 &k60 ak6l ak62 ak63 ak64

SO, 69.15 68.80 77.97 63.03 49.89 93.53 64.83 77.44 78.58 54.07
TiO, 082 061 065 067 052 023 079 070 046 094
ALO, 9.75 578 545 13.64 9.84 140 1454 9.87 3.82 14.43
Fe,O, 523 295 3.05 544 348 090 550 3.08 319 8.95
MnO 0.07 0.07 0.06 0.11 0.07 0.01 0.11 0.05 4.63 0.15
MgO 125 311 049 228 6.26 0.07 166 091 081 5.64
CaO 189 364 175 307 956 086 193 191 094 8.15
Na,0 041 030 045 051 057 001 066 122 0.01 1.15
K,O 140 119 120 175 152 040 222 176 061 0.72
P,O. 0.10 114 0.08 019 014 0.72 0.12 0.06 0.05 0.11
H,O- 215 221 155 189 242 045 241 103 180 157
LOI 7.39 1038 7.56 6.98 1442 0.83 4.69 243 507 4.06
TOTAL  99.61 100.18 100.26 99.56 98.69 99.41 99.46 100.46 99.97 99.94
Rb 61 38 33 83 65 7 97 62 29 22
Sr 78 245 69 208 475 22 166 167 347 190
Y 16 8 7 27 20 0 28 16 16 19
Zr 300 266 363 214 184 144 236 312 257 126
Nb 7 4 5 11 7 3 14 10 8 11
Cu 31 12 10 30 18 43 75 55 65 95
Ni 35 18 20 34 22 7 45 28 54 81
Zn 51 34 30 76 53 117 90 43 87 70
\Y 139 113 74 131 73 22 124 84 125 191
Cr 200 107 140 113 89 26 113 86 43 258
Co 20 9 9 19 14 3 21 11 22 30
A50 Klipfontein: anthill nea Type R site

A51 Driekopseiland: anthill nea TypeR site

A52 Oppasite Moirdale: anthill nea Rd

A53 Driekopseiland, stream bed nea TypeR site

A54 Driekopseiland, floodsilt i n Riet River; nea engravings

ak60 Nokanna sediment
ak61 Klipfontein sediment
ak62 Klipfontein sediment
ak63 Tlhame sediment
ak64 Loch View sediment
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Table A4.7.2continued.

Gaston farm east of Langeberg sediment

ak68 ak69 ak70 ak71 ak72
57.65 90.06 85.46 52.77 85.44
069 047 042 092 0.53
11.08 5.32 4.47 1415 5.48
6.47 119 248 9.88 3.68
0.10 0.02 0.03 0.19 0.04
336 0.00 0.07r 1.73 0.16
570 0.02 0.17 219 0.15
082 0.06 0.14 053 0.19
151 086 081 1.18 0.81
0.13 0.02 0.03 0.12 0.07
262 055 095 731 0.58
9.73 245 546 9.28 311
99.86 101.02 100.49 100.25 100.24
50 31 31 43 25
177 22 26 169 33
18 10 6 24 7
162 320 249 204 243
10 7 6 11 6
78 46 50 87 21
50 20 22 130 30
76 19 24 90 22
150 52 58 199 96
144 56 60 168 112
17 70 6 58 15

ak65 ak6b6 ak67
SO, 43.54 70.00 62.06
TiO, 0.25 0.78 0.75
ALO, 3.88 12.06 12.64
Fe,O, 246 458 7.06
MnO 0.10 0.112 0.12
MgO 3.92 098 257
CaO 1956 1.18 2.96
Na,0 0.44 058 0.37
K,O 045 1.89 1.02
P,O. 0.14 0.08 0.04
H,O- 3.11 2.60 0.56
LOI 22.23 5.49 10.36
TOTAL 100.08 100.33 100.51
Rb 23 80 44
Sr 229 114 115
Y 7 28 22
Zr 87 315 199
Nb 6 12 9
Cu 57 67 52
Ni 23 48 63
Zn 38 70 78
\Y 39 105 189
Cr 34 105 253
Co 10 20 35
ak65 GaMogaraRiver, Lanham: sediment
ak66 Riverton sediment
ak67 Doornlaagte sediment
ak68 Agterplaas, Brak River sediment
ak69 Luka, stream near LJS site: sediment
ak70
ak71 Taung, Harts River silt
ak72

Kinderdam nea engravings: sediment
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