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ABSTRACT

Glaés beads from archaeological sites of sub—Saﬁaran Africéﬂweré
analyZed.by'néutron activation and by X—réy fluofescence, and tﬂe resulfs
inﬁerpreted archaeclogically. The glass beads.from Igbo Ukwu (Nigeria);
dated approximately to the ninth century A.D.,:were mostly soda-lime -
glasses, but a few potassium glasses were found. ihe glass artifaéts from
Ife (Nigeria), dated to_approximatély the tenth to fweifth ceﬁturies A;D.,
were mostly potassium glasses, with éome soda~lime glasses. Somé close
'resemblanceS'were founrid between the glasses of the two sites; Evidenée
for glassworking which existé at Ife is interpreted as evidence of rework-
ing, ratﬁer than manufacture from raw méterials. A Eur&pean provenience
is suggested for the potassium glasses, but the provenience of the SOdé—
lime glasses is unclear.

Blue-green glass beads from Bambandjanalo:(Republic of Soufh Africa),
dated approximately to the eleventh century A.D., éhemically match large

beads known as garden roller beads found at Bambsndyanalo and other sites.
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The h&potheeis; knoun;invthe literature, that'the‘garden roller beads.were
made at Bambandyanalo by reworking the blue-green beads is supported by
;1this chemical match., Certain other glass beads found at Bambandyanalo.
but not typical there, vere found chemically to match -glass beads from the
nearby site of Mapungubwe.

Samples fram a large series of glass beads known as trade w1nd
beads were found to be chemically'alike.' These beads occur in archaeolo- ,‘
gical sites of southern and eastern Africa, and in the Philippine Islands,
K and are dated archaeologically from - “Co the eleventh century. A.D. at Bamban-~
dyanalo to ¢. the éend of the seventeenth and_early eighteenth centuries
A.D. at Dambarare, Dhlo Dhlo, and related sites (Rhodesia), with'a possible
archaeological occurrence in the. nineteenth century at Kilwa (Tanzania),
and with a twentieth—century occurrence as heirlooms among the Lovedu and
ilprobably other groups_of‘the Transvaal (Republic of‘South Africa) The
long time snan of archaeologlcal dating of this group is difficult to re-
conclle with the. chemical similarity of the ‘beads. If the archaeological
dating is correct the long time span of the group 1nd1cates that chemlcal |
groups'of glass may ‘not’ always be sensitive indicators of relative date.
The hypothesis, known 1n the literature, of Indlan manufacture of these
beads was tested de5p1te its questlonable nature, and the avallable ev1—
dence was found 1nconclu51ve. |

| The beads found in archaeologicalv51tes of eastern and southern
‘ Africa are all soda—llme glasses.“ The origins of all beads of soda-lime
glass found in Afrlcan archaeological 31tes are unclear. Soda-llme compo-
.51tlons are undlagnostlc and could be consistent w1th European or Near

Eastern origins. Suggestlons of provenlence hinge on the dating of the




-iv=

samples rather than on links to factory sites, and even so are only con-
,Jectural.vllﬁ is noted that data from glass factory sites are needed, and

it is suggested that future research turn in this direction.
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PREFACE

Thié'dissertatioh ﬁrésents the results of research into the chem-
istry of glass beads found in archaeoldgical sites of‘sub—Saharan Africa.
Ia the eariier stages of the research a great many beads were examined,
and selections were made fof chemical analysis. The institutions at
which fhe'auﬁhor examined glass ﬁeads are related matefial were as follows:
the British instituté in Eastern Africg, Nairobi; éhe'Fort Jesus Museun,
Mombasa; the National Museum of Tanzania, Dar es Salaam; the National
Museum of Rhodesia, Bulawayo; the Univérsity of the Witwatersrand, Depart-
ment of Archaeology, Johannesburg; the University of Pretoria, Department
of Anthropology; the Museum of Man and Science, Johahnesburg, the Museum
of Carthage; the National Museum of Bardo, Tunis; the Unive?sity of Alla-
haﬁad; the Allahabad Museum; the Deccan College Pdstgraduate and Research
Institute, Poona; Benares Hindu University; the Government Museum, Madras;
the Archaeological Survey ovandia, Madras and New Delhi; the Asutosh Mus-
eum, Calcutta; the Hyderabad:Museum; the M. S. University of Baroda, Depart-
ment of_Archaeology; the Departﬁent of Historical ‘Archives of Goa; the
National Museum of the Philippines; the Victqria and Albert Museum; the
British Museum; the University Museum of Archaeology and Ethnology; Cambridge;
the'Pitt-Rivefs Mu;eum, Oxford; the Corning Museum of Glass; the Museum of .
Industriél Arts,.Prague; the Museum of Glass and Bijouterie, Jabloneq nad
Nisou; the Museo.del Vetro, Murano; the Musée des Antiquités, Rduen; the
Musée du Verre, Liége; the Vleeshuis Museum, Antwerp; the Tropical Museum,

Amsterdam; and the Museum of Geography and Ethnography, Rotterdam.
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PART I. INTRODUCTION AND BACKGROUND



CHAPTER 1. RESEARCH GOALS

A Classification

Glass beads are a frequently=—encountered class of artifécts in sub-
Séharan African archaeological sites of the past two millennia. These glass
beads are considered to be imports, and in many sites they form the'qnly
tangible evidence of links between sub-Saharan African peoples and the out-
side world. If these beads could be linked to distribution networks or to
places of origin, they might be of great value to the archaeologist in
elucidating patterns of trade and contact in the past, as well as dating.
Such a hope has often been expressed, but little actual ground has been
gained.

In the course of an attempt to ‘cull information from the variety
of beads that exists in African sites, 1t is necessary to order them. A
desirable system of order, or classification,would be a system based on
principles which are clearly communicable to others, so that others may

~carry out continuing or comparativg investigations.

It is for the lack of a suitable classification that so little
ground has heretofore been gained in the study of African beads. Eystens
previoﬁsly proposed, often only for limited use, have utilized such class-
ification criteria as shape, size, and color. All too often these criteria

~ have not been clearly communicable to others. In recent years a realiza-
tion of the need for a common terminology haé led some authors to adopt the
Beck typolcgy (1928), often simplified, and it is used in the descriptive

aspects of this investigation.



However, because beads are often very simple to make, the same
shapes, sizeé and colors may be made in many different places. A class-
ification in the Beck pattern may have no relationship to the manufactur-
iﬁg source of the beads. Iherefore, the Beck system is unsuited for a
classification which has as its goal the reflection of manufacturing
- origins. Therefore also, a classification designed to reflect common
manufacturing origins should be one in which the attributes of shape, size
and color are irrelevant.

We have taken the position that a classification based on the
chemical ingredients of the glass will reflect the origins of the beads.
The goal of the present research has been to initiate such a chemical
classification.

As a result of our analysis of nearly four hundred glass beads from
African sites, we have been able to distinguish a number of chemical groups
of beads, and to organize these groups into a hierarchical, if fragmentary,
classificatory system. In this system, bead groups can nest into more
inclusive groups, but on the same.classificatory level all groups are
mutually exclusive. There is a residue of unclassified beads which do not
fit into any except the most general groups, but the nature of the residue
is not spch that it would question the validity of the classification.
Presumably the left-over beads fit into_groups that are not yet discovered.

This classification does not represent the result of random samp-
ling. Where it haé been successful as a chemical classification, it repre-
sents the result of sampling from a very few visually-recognizable bead

assemblages. Such beads were picked because they looked alike. In other
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cases beads were analyzed simply because they éame from a particular site.
By and large these beads form an unclassified residue, for example, Ife
Class II (below). We shall have more to say on this subject in our last
chapter.

The classification which has resulted from this research is shown
in Figure 1. This classification, although hierarchical, should noct be
construed to reflect any evolution, development, chronology, or distance
between factories. The diagram is not drawn "to scaleﬁ, metaphorically
speaking. The exact placement of the nodes, or levels, is not important
except as they show mutuél exclusion and nesting. Hopefully, future
research will be able to intersperse levels within the fragmentary system
here presented. With much more information such a diagram could reflect
actual glassmaking '"genealogies", but for now its main purpose is conven-
iently to show mutual exclusion and nesting.

In this classification, by definition, an origin is that entity or

entities, of whatever duration and distribution in space-time, that is

responsible for the manufacture of a chemical (bead) grouv. If the products

of two or more manufacturing endeavors in space-time cannot be distinguished
from each other and are therefore included in the same chemical group,
these indistinguisheble endeavors will count’ as one origin. On the cother
hand, a chemical classification may give a number of origins that is in-
flated with respect to the "true'" number of glass works, because one glass-
works may have produced more than one chemiecal group.

It follows from our definition of origins that origins will fall
into groupings exactly corresponding to bead groupings. Nested bead groups

will have correspondingly nested origins. Ve believe that the rore
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specific the - bead group, the more limited in space—tlme its origin

must be.

In en>investigetion'involving such chemicai:groups,:it.is important

' te_coneider groups at levels of generality which are appropriate for the
problem beiﬁgvinvestiéeted. In"histofical studies, ve are o:ten concerned
with entities that reflect human behavior, for instanee’ the behavior of
the giassmakers. We ‘are not necessarily interested in the most specific:
chemlcal groups we can find. The latter w111 often be a function of the
11m1t of resolutlon of our technlques and not necessarily hlstorically
meanlngful. As archaeologists we are usually interested in that group,
at whatever cla551f1catqry 1eVel it heppens to be, which is relevant to
human tehavior,'or whieh is heuristic for a particular investigation.

An inteliiéent'choice of the elassificatory level which will
figure in one's investigation would,seem to require that our classification
be 1nterpretable in terms of glass manufacture, in other words , how a

. chemlcal bead group relates to a glass facto:y. Qne cannot safely assume,

- for example, thatvchemleal greups whose members look aiike correspond to

'single product lines of a faetony, and that their subgroups correspond to
different batches of:the_same produet, and that our technidues do not
resolve intra-bétch-differencee iﬁto further subgreups.

| We are not yet able to interpfet our classification in terms ef
glass manufacture,:and it is.largely'for this reason that we adopted our
tautologicei definitien-of origin. We havevcerried out no deliberate con-
trol iﬁvestigations. For example, extensive analysis of samples .from
facto;y sdtes_wouldfpresumably yield information about the chemdcal varia-

bility reasonably expectable between batches of the same product_from year




-

to year. Were such an investigation ca;rried‘o‘ut, it may still be diffi-

' culf, to evaluate whether the faetqry investigefe-d was representative or
peculiar. Therefore it may well be necessary to investigate a large
mmber of factories, in order to acquire information in the nature of a
control which would plece our bead classification intc perspective. Such‘
investigations are a life's wdrk, as yet undone, and net available for us
here.. Fbr'these reasons our classification remains largely ﬁhinterpreted
- and open to further research.

Specificaticn of Origins

1

Some in&estigaﬁors may wish to attempt to speeify the origin of a
bead group, thet is, neme the factory, despite the’difficﬁlties in inter-
preﬁing bead groups as discussed ebove. No doﬁbt, if a specification were
successfull& made, it would aid-in-the interpretstion of groups in general.
However, presently there is not enough information about glass factories
to eneble one systematically to search out an origin as if "keying" a
biological organism. Stylistic and chemical criteria can often place
' glass artifacts in broad traditions, such as "medieval European" or "art
nouveau”. However, when it comes to more specific origins, each group
will be pinned to its origin on the bases of eﬁpirieal——and even eclectic—-—
studies. There is no theoretical principle by which one can tie glasses
to very precise origins, neither to a geographical region, nor to a cul-
ture. Ties will have to be made empirically; 'Let_us see why this is so.

The main reasons for the difficulty in tracing glassvto a very
precise geographical region of origin lie in the fact that glass is often
made by mixing_ingredients from disparate sources. Such a "fingerprintv

as' the glass may display need have no recognizable relation to the



geographieél regied’in which #hedfactofy.lies. The wriften history_df,
glass contains numerous notices of anfinternatiénal eommeree.in‘ail'the
¢lasses of materials used for glassmaklng - silica (1bn Yakut, al Birunl,
in La.mm 19k1), allralls both soda ;.nd potash (Neri 1612, Kunckel 1679),
cullet or other scavenged material (Hette§ 1960, Honey l9h6 Chambon 1958a,

Kunckel 1679 Theophllus, in Chambon 1955, Dikshlt 1959), colorants

(Knnckel 1679), and even p0551ble glass ingots and’ similar materlal (Pllny,.

in Winbolt 1933, Ch_ar_l_eston_ 1963, Lamb 1965, Hall et al. 1964, Newton 1971).

Locally-obtained'ingredients ﬁay have already been somewhat refined before
even reaching the hands of the glassmaker. A glassmaker might buy his
copper colorant in the form of copper sheeﬁs from his local coppersmith
(Neri 1612), but the coppersmith may have.obtained_his oresvfrom distant
places; and he may heveve§en ﬁixed'different ores theﬁher.‘ Much of the
materiei that hae gone into glasseé‘hayibe-derived f;oﬁ dines,which_are
now e#hausted, so that samples from them will never be'available for
reseafch.

Even if such eamples were avallable, it may be doubted whether an
extensive knowledge of ores would actually be very offen helpful. The ores
may have been refined beyend recognition before use in the glass. But in
an& ease}.when materials ere.placedvin a glass their trace element patterne
become'"scrambled" with the trace elemedt patterns of othe:-ingfedienté.

" In favorable'cases‘it ﬁay be possible to "unscramble" these patterns if
sditable samplesAare aveileble (mahy samples 6f giasé of each color'pius
colorless from one factory site), but in other caeesAthe-fluctuations in

trace elemental coneentrations may be so great and the "scrambling" so
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intricate that the "unscrambling"'cénnot be accomélished with acceptable-:
statistical.certainty on”the ﬁﬁmber of samples available{

It is possible that somé glasses were made entirely from local
iagredients, particularly in times and places where the glassmaker's occu-
pation was rather und;fferentiated from other occupations, or whenva crude
glass was all that was required. Examples include sbﬁevgiasses made in
medieval Europe (Rgdemacher 1933), in the country of the Nupe in Nigerisa
(Passarge 1895 :i;7o—1+72; Nadel 1942 :274-278), or in rural India (Dikshit
1969). In such situaﬁions trace element patterns may exist which it may
be possible to show‘are attributable to fhe geochemiéal region iﬁ whicﬂ
the factor& lies. -

Hovever, it seems unlikely that the glass beads found in African
aréhaeologiCal sites came ffom such primitive enterprises. Because ideal
ingredients, particularly colorants, are not universally distributed, such
primitive'enterprisesvare often restricted to the manufacture of crudely
fashioned items in ohly one or two colors. The bead assemblages found inv
Africa indicate much greater profiéiency in the glassmaker's art than that.
Moreover, these primitive énterpfises'are chéractérized by relative isola—'
tion from long distance trade routes. To some extent it may be their iso-
latién which restricts them to local ingredients. It is simply not plaus-
ible thaf a distribution and ﬁarketing system which could get its. beads
hundreds of ﬁiles.intd‘Africa did not have opportunities for commerce in
glassmakers' materials; and was not interested in buying itsimateriéls in
. the cheapest market.

Then, if glass cannot'éaSily be tied to a_geochemiéal o; geograph-

ical region, one might ask if it can be tied to a cultural region, perhaps
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through éohsidérétién ofvstylésfgnq récipesQ_'In a:broad‘aﬁd impieéisé

_ way this éanxﬁe dane;v'For ihgfanée, Qné can say that as & rule of thumbv
potassium;giaSSes_arejch;raéte:istié'of medieval Eufbpé. But we aré.intér_
ééted'in‘a mbre,speéific designatién of origin than that.

o The rule of thumb, that potassium glasses were made in medievalu
Europe; rests_on no theory but on generalization from empirical data._ If
we argfinterésted in,fui¢540f—thumb fbr'cuitural-régiﬁhs mofe-speéific
than "mediéval Europe" theniwe shali réquiré'empirical data frémvmore |
limitgd regioﬁs.:@fErhaps, éfter‘future cdmparative investigations, it '

vmay 5e poésible to demonstrﬁte‘cases-of :egionalism in custom and recipg;
as wéll asfip trace eiements. - |

However,‘it'is moét-nécessary not té lose sigh@ of two factofé
which coﬁnteract-regionaiism in glaésﬁéking. Firstly, factories may heve
acted ;ndependently'of-one'another in the prdcurement of-ingrédients and
in fhe chéice of methods, particularly if there were secfets io be guarded.
Secondly, é“factor ﬁhich.Counteracts fegionaliSm in gléssmakihgfis the
internationai character'of ﬁhis art. | B

In sdme resﬁeéts glassma#ers partiéipaﬁed in,a_common‘bbdy.of knowf
'iédge akiﬁ to sqme:international cult. = They visi#ed one anqther, copied
~one énother; and attempted to learn each other's seéfets. There are’ffef
quent accounts of.rather large-scale migrations of glassmakers and their
.families,_andvtova large extent'the Qccupation itself sﬁread along_family
lines. The.ingredients usedvih glass werelobjecfs of cqmﬂéfce. Beéauseléf_
'the'communicgtion among glassmakers, styles and‘techniques.were quick to |

uspréad. -For example, patterns which have been discerned in the uée of



’manganesé and"anﬁimonyf(séyfe'1963) are ihternatiénél; Indeed it has been
remarked that it is sometimgé;easier.to Judée'the'date of a piece than its
place of'mahufdctﬁfé;'fr:'vi9 ﬁ_ .

A quest to name the,o:igins'may be complicated by the possibilitf
that différent stagés of‘beadjmanufacture may have been cérried out in dif—
ferent places. Around the beginning of the sixteenth century, canes made
in Venice (from impdrted ingredients no doubt-for minés db not exist in
Véniée) were sent to "Germans" for formation into beads (Gasparetto 1958).
An ana;qgous situation existed in the twentieth century, wheﬁ canes made'
in Venice were sent to Czechosloﬁakia for cutting and shaping (Peatova
n.d.). Other examples might be given (Newton 1971).

Another variable interposed between bead factory and érchaeoldgiéal
site is the marketing system by which the bead arrived at the site. A
host of mi&dlemen may have complicated the situation in ways difficult to
gvaluate. For example, in the earl& twentiéth century the Czechoslpvakian
firm,of Af Séchse and Company was purchased'by the Vénetian firm now en-
titled Socieﬁa_Veneziana.Contefie e Cristallerie (Pasquato 1953) and there;
after; beads‘made in Venice were sold under the name of the Sachse company
(Luka® 1970). | | |

Another compliéatiopjin a search for origins is the éossibilit&
that sucéessful styles might be made by several factories,vparticularlf
if they were'simple. This situation is observable in preserved nineteenth-
century bead sample sets.

In sum, the'specificétion of origin of a bead grdup requires empir-
ical e#idence from sources which have not ygt been identified or investi-

gated.
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In any cése, it depends on the nature of the research being -
attempted whether or not the "name and address"” of origin of a bead is

crucial information. Although useful information may be gained from spec-

ification of the source of a bead, it is important to keep source identi-

fication in proper perspective. The ultimaté goal of'the archaeologist,
is the elucidation of a‘histoﬁy,;in our case fhe history of trade with
Africa. Identification of the pléée of manufacfure of certain glass beads
is a ser’va..ntv of our ultimate goal a.nd is not itself the igoal. Information
pertaining iq the history we seek mhy'often be geined by other.means.' It

is to such matters that we turn in the chapters to follow.
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CHAPTER 2. A BACKGR_OUND ON GLASS
This chapter presents general informatlon concernlng glass and
glass beads, so that the reader will have some background for the materlal
to follow. We shell first discuss the ingredients of glass and their his-
tory,_so thatvthe reqqgr;will be able to place_ourvcheﬁical analyses into
perspeétive; We then:define our terms in.a short discussion of bead nomen-
clature.“

Glass IngredientS'

Glass is con51dered to be a state of matter, rather than a parti-

cular substance. Mbrey (1954:28) defines a glass as

...an inorganic substance in & condition which

is continuous with, and analogous to, the

liquid state of that substance, but which, as

a result of a reversible change in viscosity

during cooling, has attained so high a degree

of viscosity as to be for all practlcal pur-

'poses rigid.
Several‘different.msterials can exist in the glassy state. .The present
research is concerned only with man-made siliceous glass;

Man-made glass is a'mixture of ingredients rather than a chemical
compound. Therefore it has no 51ngle formula, and the proportlons of its
ingfedients may vary.' Nevertheless there are some general rules, which
allow the ingredients of,glass to be divided into the following three

_classes,‘designated by Romen nuzerals..

' I. The bas1c ingredlents are:

a. 5111ca (SlO ). In a conventlonal soda—llme glass Si0, may

2

form about 60% of the glass by welght. Th;svis obtained from siliceous

rock or sand.
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b. an ingredient which iowers the temperature of fusion of

2O or’K2O, obtained from soda

the silica. One or béth of the alkalis Na
of potash respectively, sérveithis purpose. Pb0O also serves this purpose.

¢. other ingredients which provide chemiéal stability or act
as a flux, such as oxides of calcium or‘aluminum. Some major ingredients,
oftén iron, may be'considered impurifies.

The.most cormonly-encountered glass composition is probably the
soda—lime glass, which conventionally containé N 60% 810,, " 15% Na20, and
" 5% CaO.

Another commonly-encountered composition, with which we will be
concerned, is the potassium glass, characterized by n 15% K2O rather than
Na20 as in the soda~lime glasses. Although one does not often see the
term "potassium-lime" glasses, it is usual for potassium glasses to contain
v 5-20% CaC.

II. The glassmakers' additives.

In addition to the basic ingredients there exist tﬁe glassmakers'
additives. These are added for an-artistic or technical purpose, such as
to coior, to decolorize, to opacify, or to clarify. Certain elements have
traditipnally been used in these capacities for centuries, and they are
discussed further below. When the additives are present in a high range of
concentration, such as percent or tenths of percent, they may be considered
to have been intentionally used. When present in a low range of concentra-
tion (parts per million), they may be considered unintentionally—includeé
trace elements. Exceptions must be mazde, of course, in the case of addi—
tives which perform their deéired function at a low concentration, such as

cobalt, which gives a very dark blue when present only as a few hundred

parts per million.




;Ifi;l‘Traee-elemehts;l‘ _

K A thlrdcla.ss ‘of i-ngredtierits is fe'rhed b‘y. th,é. trace elements, or
imp‘urities._ These a.re the elements present in low'concentration (parts
per million) over. which presumably the glassmakers exerted no control.

Some scrap glass, or cullet, was and is almost always 1ncluded in
glsss batches in order to aidlvitriflcation; ’If imported, cullet may have -
introduced elements, 1nclud1ng glassmakers additires and trace elements,
which might not have arrlved in the glass otherwlse obscurlng regional
paxterns. v

:Glassiakers”ef the past probably aid nqt see their ingredients
with our perspgétij}ée-inaeed modern chemistry did not exist before the
eighfeeﬁfh century. Iﬁ'has ﬁeen'seid«that glassmakers were noﬁ always
aware tha.t.lime (ca0) is desirable for stabv"ility, ‘but their ingredients
were so impure that they put in sufficient limevunaweres (Turner 1956a:

45-U7; 1956¢:277). . Similarly, the fact that alkalis coﬁld be divided
into tyo t&pes, sodavena~potash, was not clearly understood until the
eighseenth century (Turner 1956a:£hT), although some had an inkling of it
(Kunckel 1679). Our enalysis;and discussion are carried out in terms of
pure elements, but.it sheuld not be thoﬁght that glassﬁakers used pure
: elements to make the glass; Indeed ‘some glassmakers may haVe been aware
only of the s111ca,_alkall, and addltive, the latter *wo probably sdded as
salts_to the silica}(sand). Only in the case of common metals, such as
copper, might fhe»glassmakers have addea an ingredient as a fairly pure
‘element. ”

It may be convenient to*think‘of past glassmaking as'a craft car-

ried_out according to a good?deal of unwritten lore, Glassmakers were
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aiming at a result, not a chemical composition. Alchemist and glassmaker
had much in éommon,‘and even today not every glassmaker's trick is under-

stood according to modern chemical precepts. .

The Additives
| The;glassmakerg' additives responéible for_éoloring and opacity

requife.further discussion. This subject is extensivé,‘aﬁd the interestéd '
reader is referred to Weyl‘(1951) for further information. In order to
understand most beads'found in Africa, it is necessary to khowvonly a few
simple facts about thé'additives. Indeed up until the nineteenth and
twentigth centuries the common conventional means of coloring glasses were
_very féW5 and these traditional methods are reviewed below.

Opaque red, élso known as Indian red, sealing'wax red, brick red,
terra-cotta red, or oxblood réd, is the range of color created by suspended.
particlesiof metallic.copper énd/or cuprite (CuQO)I(Weyl 1951, Brill 1970).
This range of color approximates No. T7.5R,3/6 6n the Munsell scale (Munsell
1961).1‘ Glasses of thié color, viewed grossly, virtuaily always look
opaque, but under magni£ication tﬁe fed:particles can be seen; in an often
transpareﬁt matrix, if the specimen examined is aﬁfhin'chip.

Blue-green results when copper is present as Cu++. This color cén
range from about No. 2f5BG to No, lOBG on the Munsell scale, but it is

typically around No. 7.5GB,6/8 on this scale. The same copper-containing
1

The Munsell system of color notation is described and explained in the
work referenced, especially pages 13-24. It is also presented in

Webster's Dictionary, 3rd edition, under '

'ecolor". A useful and inexpen-
sive color scale for the daily use of the investigation is known as the

Nickerson Color Fan, available from the Munsell Color Company of Baltimore,

Maryland.
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‘glass will be Iﬁ&ian red if melted and cooled in a reducing atmosphere,
and will be blue-green if melted and cooled in an oxidizing atmosphere.

Green is caused by Cu'f+ or by iron (Fe+f and Fe+++). Iron impur-'
ities in glass commonly give a greenish éolor.' The color from iron can
range from brown to a bluish-green, but'are typically near No. lOY on the -
Munsell scale.

It is often desirable to rembve the greenish tinge from glass, and
for this pufpoée é decolorizervmay be used. Until the twentieth century
the chief decoloriZers,weré manganese or antimony. |

Beéides serving as a decolorizer, mahganese, as Mn+++, is the agent
used to'achieerpurple, .This color may range from pink to brown, but it
is typically about No. T7.5RP on the Munseii scale.

.Cobalt blue, also known as réyal blue if dark, and powder blue if
light, about No. 7.5PB,3/11 and No. 5PB,6/8 respectively on the Munsell
scale, is caused‘by cobalt. An experienced observer can usuaily eaSily
discriﬁinétela pale coba;t blue from alcéppér blue-green.

Opaque-yeliow is created ffom undissolved compounds of antimony
and lead or of'tinngnd lead. This color is about No. 2.5Y,8/12 on the Mun~
éell.scale. These samé elements are also used to achieve opéque white.

'Opaque orange .(amber) glasses may be conéidered as yellow‘glasses
which inélude zipc, as indicated in Chapters 5 and 7. The orange color is
approximately No; 7.5YR,7/li on the Munsell scale.

Black, upon close examination, usually consists of eithef exceed-

ingly dark green, purple, or cobalt blue.
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Horizons in the Use df'Ingredients_' 

A,coﬁplete_survey of'the hiStbry of’glaSs'is'not entirely appro-
priate here. Such surveys caﬁveésily'be_found in the literature (e.g.,.
aney l9h6, Derry and Williams 1960, Turngr 1956a,i956b,1956c). 'However,.
it'is appropriatg here to review, frém the history of glass, thét infor~
mgtién which is uéeful’fér purposes of "diagnosing" the origin or affini-
ties of‘giass artifacts; ‘Fbr example, the date of invention of a certain
process may be importaﬁt in estimating the date of'béads which show evi-
.dence of'that proceSs.v-Theféfofe we shgll review the.horizons and land-
marks of glassvhistofy up until apﬁroximately the hineteenth'century, |
that seem relévaﬁt to this research, in order that the basis of our "diag¥
noses" may be cleaf to the reaﬁef.  |
Mgst glass ingrediénﬁs are not diganostic of time and place of

manufacture, But'theré are:a few ihgfedients vhich are helpful in this
regard. These are féviewed below. |

‘Alkalis.' Mbst:ordinary glasses aré Soda;iimé giasses containing
a prepondefange of‘sodiﬁm over pofassium, Some poféésium; however, usually
appears in.sédarliﬁe glgsses, and patterns of the use of pbtassium in
ancient aﬁd very ear;y medieval soda-lime glasses have been discerned
(Szyre end Smith“l967);_ Soda-1lime glasses are typical of tﬁe ancieﬁt Near
East; the anéient Occident, the medievél Near East,:énd the modern world.
Only medieval Eurcpe is. a well-known -exception: here the popassium glass
is typical. |

» Thé dategf bgginnihg of manufacture of fotéssium glass in ﬁedieval
Europe is poorly known,'but informed estimates place‘the onset in approx-

imately the ninth‘to tenth centuries A.D. (Geilmann 1955:150; Chambon
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1958:100; Turner.1956c:288T; Sayre and'Smithvl967:279)Q vDuring the cen-
turies after the Renaissancé, potassiuﬁ gléss gradually ceased to be used
generally, but continued'to‘bé used for certain specialized types of

' élass, including luxury and utilitarian types (Honey 19L46). FIts use for
ﬁtilitarian objects; such as bdtties, persisted well info the colonial
périqd (Honey 19h6).‘ Although potassium glasses.are chiefly associated
with:medieval aﬁd modérn Europe, they cénnot be restricted to this tiﬁe
and place. TFor example, they are known from the U.S.S.R. (Besborodov and
Zadneprovsky 1967).and a specimen presumably made in China in Han times
was fourd to be potassium glass upon analysis in our laboratory (in prep~
aration). | |

Opacifiers and Decolorants. Antimony was used both as a decolorant

and as an opacifier in glasses from the second millennium B.C. until the
fourth to fifth centuries A.D., after which time it dropped out of use
(Sayre 1963, 196L). Tts ﬁse as a decolorant may have persisted untilrthe _
end of Sassanid times in Persia-(Sayre 1963), and it very occasionally.
occurs as an opacifier in:@edie§al specimens in combination with a tin
opacifier (Turner and Rooksby 1962). The common use.of antimony reappeared
around the seventeenth‘century A.D. (Turner and Rooksby 1962, Neri 1612,
Kunckel 1679), and it is commonly used today. Thus, antimony was out of
use from about the fifﬁh to seventeenfh éenturies A.D.

Presumably antimony opacifiers were replécéd by tin opacifiers
wheﬁ antimony went out of use in about the fifth century A.b., but evidence
for the use of tin opécifiers is scant. They are not thought to occur
}earlier'fhan‘the fourth.to fifth centuries A;Df (Sayre 1963, Sayre and

Smith 1967), but our Chapter 7, Part 2, mentions some possible exceptions



to this generali zation in Indis. Tin is :-found%‘in_occg;s‘ionél‘ I'ixedi'élv;‘l
specimens (Turner and Rooksby.l962), aﬁd is réther well—aftested_after the
fourteenth century A.D. (Turner and Rooksby 1962, Neri 1612, Frothingham
1956)j It did not drop out of use when antimony ﬁas rediscovered around

the seventeenth centuiy A.D.

The use of manganese as a decolorant was introduced in Roman times

(sayre 1963) before’antimony had gone out of use. Both were used for a
few cénturies.' Manganéée remﬁined in use after antimony disappeared, and
it has-remainéd in use ever since.

'Arsenic‘récéived its first undoubted litérar&>references in the
seventeenthvcentury.A.D; (Neri 1612, Kuﬁckél 1679), and came into conéid—
erabie use in fhe.eighteepth century as an opacifier (Turner and Rookéby
1962). A possible Assyrian referenée to arseﬁic has been discounted by
Turner (l956b:179T) because of difficulties in translation, and because
arsenic has not been found in analyzed specimens of ancient or,medieval
glasses excepp.in‘coba1t~containing glasses where it may have been asso-
ciatedbwith.fhe coﬁalt.

Barium in smounts greater than ﬁenths of percent as the oxide has:

sometimes been thought to be diagnosticuof.ancient'(pré—Han and Han) Chinese

glass (Ritchie 1937:219). Its occurrence in glass beads found at Lo Yahg

is well known (Seligmann 1937). However, high amounts are also found in

glass of medieval European cathedral windows (work in preparation) and glass

from Tripuri (Dikshit 1969). Therefore high amounts of barium cannot be
considered diagnostic of Chinese manufacture, as some have thought (Selig-
mann (1937). It has been used in modern glass since 1829 (Turner 1956a:

L8T).




Boron is best known todey as a constituent of modern 1aboratory
and kltchen glassware which can withstand sudden and extreme temperature
_changes.' Its mentien by Kunckele(l679) is usually considered the earliest
eﬁidenCe»ef,itevuse, bnt there_is eethirteenth-century Chinese mention of
Borax,,as:e subetance‘esed in the Middle Fast to make an elastic glass
(Hirth and Rockhill 1912}é27); Glass from Aphrodisias, a factory site in
Turkey; shows clese to 1%13203 (Brill 1968:52).

Aventﬁrrine, not an ingredient but a special effect, was invented
- in the;seventeenth century,A.p. in Murano (Zeechin'lQ55E63). In this
glass, small flakes of copper‘are‘dispersed which can‘be seen with the
unaided eye and which‘éive the glass a specular appeerance. -Ayenturrine
is commonlyvgsed in beeds and trinkets. It is said that the Bohemians
disco?ered how to make it in 1887 (Urban n.d.).

Bead 'Terminology

The modern name for mass-prodﬁced glass beads is the collective
noun "conterie". Its first known appearance in a glaes context (Zecchin
1955, 1964) is in some'correspohdence dating to the period 1601-1611
between the»Porﬁuguese Enanuel Ximenesvand'fhe Italian Antonio Neri. The

latter is considered‘the father of modern glassmaking and author of the

first modern text of glassmaking, L'Arte Vetraria, first published in 1612.
The.term conteria apéears in Neri's book.

The meaning of ﬁhis term was not understood by Merret, who tran- .
slated Neri's book‘intOEhgliﬂ1(1662)} The histofical implications of his
.mlstake are dlscussed by Zecchin (196h)

Durlng the century or so preceding Neri, the word, conta, for

bead(s), was used 1n numerous Portuguese documents and accounts (e.g.,
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Lobato 1960, Pigafetta c¢. 1589). Thus one might speculate that the word
conteria may have enfered the Italian language from the Portuguese. All
during the sixteenth century the Portuguese purchased glaSs béads, some-~-
timeS’Venetign (e.g., Lobato 1960), and maﬁy épportunities may ﬁave arisen
for such a liﬁéuistic borrowing to have faken place.

In its original meaning in Portuguese, conta, meant "count" of
"accounth. Such a méaning may easily be transferred to beads, which were
often used as currency by diverse peéples; particularly during the period
of exploramioﬁ and discovery.

The referent of the term "conterie" has changed since the ﬁérm was
first used. In the 1étters'of Ximenes it referred tp large cane beads

(defined below), probably not reheated, or if so, probably reheated indiv-

idually on a spit and not by tumbling in pans Or barrels. To the eighteenth-

century encyclopedist Savary des Bruslons it meant "large" trade beads
(Savary des Bfuslons 1723:I, col. 1481-2). To the nineteenth-century
Bussolin (18ﬁ2) it méant.all trade beads excépt.margarite and beads made
g_;ggg_(Zecchin 1955;91)f Margarite is another term whose meaning has
changed over-centuries, but to Bussolin it meant quife small cane beads
used for emBroideny. ‘Beads made a lume are those which are wound and/or
individually decorated a lume, that is, at the glassmakers lamp, or flame.
At present the term "conterie" includes all these varieties of glass beads.

Descriptive Ternminology

The beads of this report are described according to the system of}
Beck (1928) as simplified by Chittick (1967). The descriptions indicate
method of maﬁufacture, dimensions, shape, and color. No discrimination

is made among discs, short barrels, or short cflinders.
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The Beck report does not deal. at length wlth method of manufacture;
but these processes have been frequently descrlbed elsewhere in the liter-
ature (van der Sleen 1958 1967, Harris and Harris 1967, Zecchin 1955,
Gasparetto 1958 and others) | The two methods most commonly encountered
in Africen beads are the cane"and'"uound" methods. |
' In the - cane method, the iron blowplpe is dlpped into the molten
glass and a gather of;glass.obtalned on the end. The gather is blown
to form a hollow ball The end opposite the blowplpe is then attached to
an - iron rod (a puntll"), and the hollow ball is pulled to form a long
hollow'tube, knowg_as,n cane. The cane, after coollng, is broken into
segments which constitute the beads. The beads may be reheated to round
off the sharp edges,rorvthey nay be left sharp. In_Neri's day, if one may
'Vjudée by-his'vocabulary (see'Zecchin 1955:81f99), beeds were reheated by
manual stirring in shallow pans held over a.fire‘ In Bussolin's time.
(18h2) beads were reheated by tumbling in large berreIS-suspended over a
fire (see Zecehinv1955;81-9§). This_method is still in use invMurano
(Venice) todey, where«the author observed it in 1969. The difference
between the two methods may glve some 1nd1cat10n of the relative amounts
of beads whlch may have been produced in the nlneteenth century compared
w1thnthevearly seventeenth.

In tne‘wound mefhod, a solid rod of glass is wound around an.lron
rod celled a mandrel llke thread on & spool thus constltutlng the bead.
When cool, the bead may be sllpped off the mandrel.

_Less commohly'encountered in Africa are beads made in various

kinds of molds..
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-Eigﬁre é'diagraMS‘the measured dimensions of a bead. The length
measured‘is drdinarily thét of the performation; and the diametef‘is |
thé maximum, except that impe;feétions should be awoidea‘

Figure 3 diagrams some shapes of beaﬁs. The shapes are idealiza-
tions to which few beads correépond perfectly, since they are not preci-‘
Sion-madé. Reheatédbcane beads in'particulér are quite variable with
respect to the exact.confonmation of their ends, siﬁce-their shape depends
oh-the rounding-off of an accidental geometry. 1In genéral, any shape cen
occur in any size.

In a.chemiéal ta#onomy'the exact size of a glaés bead is not of
major importancé; vGenerally the manufacturers make the beads first and
sort them into size rapges later, by means of sieves. Thereforé approxi-

mate designations of size are sufficient for ordinary purposes. The size

ranges we have distinguished are "extra large", "large", "medium", "small" ,

and "minute”. Extra lgrge beads are those which are trapped in é leer
Standard Screen Scale U.S. No; 3. Large beads are trapped in No..h;
médium in No. T, and small in No.v16. Beads which pass through No. 16 are
minute. For a general'compgrison,-a walnut is extra large, a garden pea
is large, a éofiander seed is medium, a sesame seed is small, and a poppy
seed is minuté. In practice we usually judge the size of beads by‘eye
and not 5y sieving.

All destroyed beads were precisely measured to the nearest milli-
metér,.except in cases of semples judged to be alike on account of mass-

production. . In such cases a few typical specimens were measured.
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| Figure 2. Diagram of a bead.



o6

!
B
: -
cylindrical  short cylinder “
._u o | | C::)
o b | - . (::::::::::>
~ lenticular b
(convex bicone) ob.l.ote |
| | (R}
R S ' - |
S Y N o
' Q o v|l
T ellipsoid
~ spheroid (olive) .
(circular) |

XBL 728-1544

Figure 3. ' Common bead shapes, by profile. All display
circular perimeter (not shown). .




-Structural Aspects of Colorigg

A glass bead may be monochrome or polychrome. The first case is
self—explanatory.- The second case may be layered, striped or decorated.
A layered, or f'__flashed'.', bead, most often a cane bead, has one or
more.oute:scoats,'eaoh‘one.monochrome, over sn'innergoore, usually of
| éqother color.. Comhon forms of_this type ere fIndien red over green", or
"clear red over-opaque whiﬁeh
Striped beads are akin to the layered, 1nsofar as the strlpes may
be regarded as a dlscontinuous layer.
| In mass productlon strlpes and outer layers were usually placed
: oe the gather before ;t is drawn out into a cane, and thus the layers
‘and stripes stay with»this fype of beadvthroughout its manufacfure.
A.decorated bead exhioits designsbwhich have been applied by hand
to thegindividual,beed_g_;ggg, Deeorated beads, as found in Africa,,ere
ffeqﬁeofly wound endvﬁsﬁaliy‘polychrome.

This research has concentrated on monochrome cane beads.
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CHAPTER 3. METHODS OF ANALYSIS

This report presenté the'résults'¢fnéutron'éétivation enalysis.

This method of analysis of archaeoclogical ceramicé has been described in
detail by Perlman and Asarc (1969). | | |
| In the present context a brief explanation of the technique may be
helpful. Each bead is analyzed ihc_lividﬁally.' The bead, or bead fragment,
is ground and'miXed with cellﬁlose and silicon dioxide or silicon metal.
:It is pressed in a die to form é disc—shéped pill. This pill, along with
othe;s, is subjectéd'to two neutron bombardments in the.nucléar reactor ,.
of the Nucléar Engineering Department of the University of California at
Berkeley, and the resuiting‘gamma radiations areée detected in the Lawrence
Berkeley Laboratory of the same Uhiversity.v The first bombardment is
brief, and the pills afé,analygedvimm;éiatély“éfféfﬁéfd for short-lived
radiocactive is&topes. The second bombardment is intense and lasts for
eight hours; Afterbit; the pills are set aside for a few days, then
. analyzed for_medium-lived isotopes, set aside aéain, and later analyzed
for long—lived isotopes.

| The data from the aqalyses‘arg put directly onto magnetic tape.
Computer programs read the data from the tape and calculate the felative
abundances of the elements detected in the sample; The results can be
presented in several wéys, but usually they are printed on paper, while
the gamma—réy speétra are printed on miérqfilmvfor reference andvperma;
nent storége. The data 6n magne%ic tapé i§ permanently stored.

- The elements are detected from their‘characteristig germa radia-
tions, represented as peaks on a gamma-ray spectrﬁm (Figure 4). The mag-

nitude of the'peak indicates the abundance (emount) of the element. For
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every‘element, factors which enter the calculation of its abundance in.
the 33mple'include: the net number of detected decay events in the gamma- -
réy péak(s)‘belonging to the element, the garma-ray abundance (or, the
probability that the gamma rﬁylwiil-be emitted), thevefficiency of théa'fhz
detécfor, the‘neutron flux dufing bombérdmeht, the element's cross-section
forrneutrqﬁs (or, the probability that a néutr¢n will be absorbed in the
elémental nucleus), the duration of bombardﬁent, the time elapsed since
bombardment, the duraﬁion bf the detection period,‘the'half-life of the
element, and the weight of the sample. With appropriate standards several
of the abévé'factors cancel out. Complicationé cén occur when radiations
from different sburcés.have a similar energy, but theée complications can
be recognized and corrected for. - |
The accuracy of the method rests largely on the ﬁée of standards.

Onevimpoftant standafd is knowh as "standard pottery"; developed and cali-
brated'to include the elements nérmally encountered in pottery at appro-
.;priate concentfations (Perlman and Asaro 1969). This standard is appro-
priate fof,man-made glass as well, since glass cpntains many'of the ingred- -
ientS»féund'in pottery.

| The resﬁlts bf neutron activation analysis are supplemented by
' res@lts of noﬁ-destructive X-ray fluorescence analysis. This is the only
method by which lead was analyzed for all the specimens. The method has
been deséribed by Bowman et al. (1966, 1970). In this technique, X-rays
of variable known energy are.directed at the samﬁle. Thése X-rays stimu-
late X-ray emission from the elements contained in the sample. The emitted
X-rays are detected; aﬁd are used to identify the elements present and
caléﬁlate the aﬁount of each (Figure 5). Again, the accuracy of the

results reéts on the use of standards of known composition.
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Types of Errors

_ Counting Error. This is the error givén after each determination
‘of an element by neutron actiyation."Radioactive decay events occurring
in the.ifradiated ééﬁplgs'are, obviously, counted‘by bﬁ: équipment or we
would not be ﬁble tO’teli the amount of an élehent b:esent. The étatis—
tical error in coﬁpting is given by the square root of the total number of
counts detected. Clearly the couhting error is & minimum error, and it
does not gonsider othefwsources of exéerimental error which may combtine
tovmake the trueverrof‘largef than the counfing‘errof; The counting error
represents the»ﬁrecision of the elemental determination. |

-Rdot Mean Square Deviation. This errof, abbreviated RMSD, is also

known as the standard deviation. In all ménipulations of acfivation anal -

ysis data, the RMSD is consistently calculatéd as

(X - x)% + (X-%,)% ¢ X-x)%.00 (K- x)?
n-1

"whereixl, X2,vX3,.f;,Xn'are the values being averagéd,.f is their mean,
and n is the number of samplesvbeing averaged. In suitable cases the stand-
érd de&iatién of the.meah (standard eifor) is used. Tt is calculated as
5%- , where o0 is thé'RMSD of the sample and n is the number of items in . .
the samplé.

The error given with the results of X—ray.fluorescence is not a
simple counting error, but is & standard devistion taking into account all

anticipated experimental errors.



Choice of Eléments

'vihe'elementé'présentéd,in‘the‘tables differ.from group to group,
that:is,'from fable to table;_'The reasoné'for these differences arise
from the foilowingvthree copéiderations.

Precisidn. The anal&tical tables’present the résults'of neutron
activation analysisH9f all elements preciseiy determined. The definition
of precision which was adopted for;consistent use is as foliows. If,
within a set of'resglté rele#ant to a particﬁlar investigation, such as
the.heirloomlﬁead investigation‘of'Chapter 6, the couhting error for a
particular element is greater than 20% of fhe concentration in one-third
or mqré:ofvthévsamples, then that.element'is considered.imprecisely_
aetermined; This sitﬁatibn is_;lmost always the resuit‘of an elemental
concentration near or‘below the loVer limit of deﬁectiog by our method.
The actua; identity of these élements varies_from group to groups; these
imprecisely-determine@ élements are presentéd in the notes to each of the
tables.

'The_Lanthanide'Séries.' In addition, it is désirable to avoid

over—representation from thé lanthanide serigs of elements (the rare
'éarths, or those elements from lanthanum to luteﬁium inclusive in the per-
jodic table), because.these elements tend tq show common "5ehavior" in
their”occufrénce.. Thereforé, whén comparisons afe drawn up as in Figure 6,
oniy ﬁwo elements ffomvfhe 1aﬁthénide,series are included. Thé two chosen
aré ﬁhose'two precisely%determined elements which‘ére furthést apart in

" atomic weight. The actual identity 6f these varies‘from‘grouﬁ-to‘group.

The Glassmakers' Additives. When comparisons among our samples

are made that cross-cut colof categories, such as in Figure 6, the colorants
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are left out o£ the comparison._ This does not mean that they have not .

been considered. VThe colorants and other additives are considered gt ﬁhe
time of group.formation. The.use of the glaésmakérs"édditives must show

a consistent patterh.for speciﬁéns to be placed in the same group. For
example, if a group cgntains specimens opacifiéd with tin, then an antimony-
opacified sémplé would not be admitted into the group. |

Sample Designation

A straightféfwérd.naming method was adopted torreflect the pro-
venience and identity of the samples in a name which would be brief, infor-
mative, and unigue for each sample. .The first three characters of the
sample name refer to the site or source and usuallytconéist of the first‘
three letters of thé site name. The following characters refer td identi-
fying traits; such as particular localities on & site. Such chéracters

may be omitted. Lastly are ordinal designations.

For example, a bead from Skeleton 26 at Bambahdyanalo would receive

the sample name BAM-S26. If more than one bead were analyzed from that
skeleton, they may be named BAM—SQ6&I, BAM—S?6b, BAM-S26¢c, etec. Further
subdivision may occur, e.g.; BAM-S26al, BAM-S26a2, BAM-S26a3, etc. To take
another example, a bead of Type L3 from Igbo Ukwu would receive the desig-
nation of IGB-L3. If more.thén one vere analyzed, the designations would
be IGB-L3a, IGB;L3b, IGB-L3c, etc. The usual policy was to adopt the

labels or other designations given to the beeds by the excavator.

Sample Grouping

How ere glass beads placed in a. taxonomic group together? There
are no rigid rules for this. Each chemical group must be approached as a

unique thing. Chemical criteria are paramount, but visual criteria come



into’ play. If-the.brgcess of’érdup formation must be summed upbin one
word, that word would be "judgment".

gt -

As a_first apprqximafibg,-dvbead'érbuping is suggested chiéfly by
visual"simila;ity, fr6¢;théfpoint of view of manufacture, and by evidence
of'approximateA#qntémpcianéity;_'Very_pften such tentative bead groups
.cofréspond tb:glasé‘béqd aséeﬁbléges‘recdgni?ea in the.iitératufe, such
As'the "Mapuﬁgﬁbweaqb;giés“.'fTheré mnst”bejan initial judgment of this -
sort, or there vbuld»be'pothing from which mﬁltipié samples could be taken.

Cleafly a.ciicularity_iﬂ reasoning can oceur if'sgmples are taken
from an already Visuélly—récogniied:ASSembiage and then are later 'found"
to form a chemical gfoﬁp; However; in pradfice'it frequehtly turns out
that samples,originallyfanalyzéd as members of a visually recognizable
group are split uﬁ intdvdifferent cheMical-groupé after anaiysis. We are
not the slaVes'oonur fi£st apprdximations.

Aé a rule of thumb, a chemical group must disélay likenesses in
maqor ingrediEnts,vi#}fhéhpattern-éf occurrence of glasémakers' additives,
in traée_elemegfs, particulariy‘in peculiaritiés in tface elements; and it
must.bévdistincf froﬁj;ll other such éroups; In éenérél, a giass group dis-
plays considerable scatter'in the composition ofvsamp;eSVWhich belong to it.
This scatter is :epreéented'by’tﬁe ﬁMSD; The.likenesées rngired by our
 'rule of:thuﬁb'are»ﬁdt #lind;y'segrchéd;for,'but aré segféhed for in the form
of a_centra1 tendénéy in a:grouﬁ; Ailowaﬁce is madé fof scatter. Despite
the scatter withinlgrogps, that is, the rather lﬁrge RMSD's fqr each elemental

average, we are able to recognize a number of mutually exclusive groups.
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When é group is resolved, or,proposed, it is then possible to com-
pare a bead against it to see whether the single beadvmighf match the group.
In this précess of(comparison we have adopted the following criteria of
matching. The'single bead must be the same type of'glass as the group
(e;g., soda-lime gléss, pbtash glass, or other), and the elemental concen-
.trationg of the single béad must fall within one standard deviation'of the
mean elemental concentfations of the group for two~thirds or more of the
eiements, The remaihing elements must show similafity to the group.

For -example, the garden roller beadvdesigﬁated BAM;P18a (from
Bambandyanalo, Pit 18, our sample a) mey be compared against the Group of
Mi beads (ChapterFS). The garden rolier and ﬁhe Mi beads are soda-lime
glasses with éimilar concentrations of the major glass ingredients. The
eiemental concentrations of BAM-P18a agree witﬁ thosé of the Mi group
within_ong standard_deviation for the following eleménts, as may be seen
from Figure 8 and Table h:v Al, Mn, Na, Cu, Sm, Co, Sc, Fe, Yb, Ta, Sb,
Sn, Th, and Hf.

In addition, the remainingAelements are similar and show no evi-
dence that would render absurd the statement that BAM-P18a matches the M
group. Thus, by the criteria we have adopted, the bead BAM-P18a matches
the group of Ml beéds.. Material from this site is discussed in Chapter 5.

it:is_probably a truism to point out that in comparisons the clas-
sificatory,level‘of the groups under study plays an important role. If a
chemicgl group is exceedingly generalvand broad, then very many glasses
will mateh it. If a.group could consist of only one sample, then very
little else would match it. In comparisons of this sort it is important to
consider classificatory levels relevant to the problem under investigation.

Let us now turn to some investigations.
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PART ITI. RESULTS AND DISCUSSIONS
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CHAPTER 4. INTRODUCTION TO AFRICAN G;Ass'BEADs
Glass beads.are‘found in'sub—Séharan African archa?oiogicél sites
of the past two millenﬁia,chiéfly the second millennium A.D. Sites and
beadé of this entire time s?aﬁ are of'intérest to archaeologists,'élthough_
material from the nineféenth and twentieth centuries 1s usually omitted
frbmvarchaeological gonsideration. The glass beads found in African arch-
aeological sites are considered to have beeﬁ brought to Africa by foreign

tradérs.

In the study of African glass beads the main issue of interest has
béen, and is, the origins of the beads. This is of interest, not fér any
intrinsic value of the beads, but for the light which it may shgd on Afri-
cén history and archaeélogy, as we stated in our opening chapter. Ulti-
mately, a khowledge of the‘oriéins Qf the beads ﬁay shed light on trade
routes tq‘and within Africa, and if.may help to date‘bead—contéining sites.
- However, as pointed Qut before, little actual ground hasbbeen gained in
pursuit'ofvtheseﬂuliimate goalé.. The preseht research was carried out in
an attempt to initiate a»classification'of.the beads which may reflect
their origins and aid in the identification of thése origins.

We have investigated problems which are sqmewﬁat unrelated to one
apdther. Therefore ££e particular problems.investigated are introduced
and presented separately in Chapters 6 through 9, witﬁ a summarizing survey
in Chapter lO.‘ At.the present time a brief general introduction.is offered.

It has been said that sub-Saharan Africa is separated from the rest

of»thé world by two seas: the sea of salt water that surrounds its cbasts,

and the sea of sand which forms the Sahara. For centuries traders have

crossed these seas despite the distance, since the value of the goods
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exchanged made their impreséi#g Jbufhéys worthwhile. .Gold was a frequent
item 6f ﬁfé&é, as well es ivbr&,~le§pard skins, slaves, and other things. -
In return, traders brought itéms heeded or desired byvAfricans, such as
salt, cloth, and the glass beﬁds under study in this investigatioh. : |
For many centuries the only two "éhores" which sub-Sahafan Africa
presented to fraders were the southern edge of the Sshara and the east

coast, facing the Indian Ocean. To the medieval Arabs, the zone south of

the Sshara was known as bilad es Sudan, "the land of the blacks", while the

east coast was known as bshr el Zanj, "the coast of the blacks". These
pames live on in "Sudan" and "Zanzibar".

| It is not thought that regular andfrequent trade crossed the Sahara
iﬁ ancient times, but the étage méy have been set in Roman times by the
introduction of the camel (Bovill 1958). Tt is usually thought that the
important ¥rans—Saharan trade grew up in the medieval or Islamic period,
probably linked with the rise of far-reaching Arab commerce in North Africa
(Bovill 1958, Mauny 1961, and others). Isiamic kingdoms grew up at the
sOuthérn termini of this trade (Bovill 1958).

After tﬁe Porﬁuguese exploration of the Atlantic coast of Africa

in the fifteentﬁ century,_traders began visiting West_Africa by sea; ahd
tHe mediéval Saharan routes were gradually eclipsed in favor of sea routes
in the sixteenth end subsequent centuries.

In East Africa, sea commerce existed by the.time of the Periplus

of the Erythraean Sea (Schoff 1912), a work of the first or second century
A.D., describing navigation and trade in the Red Sea and beyond. At that
time, trade with the East African coast ﬁas dominatéd’by'SOuth Arabians,

who in turn were dominated by the South Arabian kingdom of Himyar (Mathew
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1963595; Scnoff‘1912?28§ 3Q,,3h,;96, 106; 109){ AfnerWards, fhe_nbwer 
and influence'are-thbﬁghﬁ;td'ﬁafe shiftéd to yet,énother kingdom nf Sonthr‘
Arsbian anéestry,.this nne located in Ethiopia: the kingdom of Axum.

This kingdom is thought to have dominated South Arabia and the trade to
East Africa from abqut_the'third to the seventh centuries A.D. (Schoff
.1912:63, 96, 103;.Fr§eman—Grenvillé 1962:5). However, pertinent documented
archaeological evidéncelfrnm_such eariy times in northegstern‘Africa is
iacking. | |

|  The chief'nefiodxof.expansion of the'tradé to East Africa, as in
West Af:iqa, cqrresponds to the Islamic ers (see Chittick 1965, Mauny 1961,
Freeman-Grenville 1962). ‘nginning‘in the ninth no tenth centnries A.D.,
traders establishéd'entrep8t'towns on the Easvafrinan coast,,whére 8

number of mosques werezbuilt in §tone. To this day inhabitants of the

Arab—lnfluenced coastal strlp profess Islam and speak a language containing

nmuch Arabic vocabulary, although Afrlcan in structure (Swahlll)

There are a very few glass beads in sub—Saharan Africa which may
antedate this medleval.perlod, ‘The earliest glass beads known are some
donen which belonglﬁo the Early Iron_Age'in-Southeast Africa (Summers 1967),
an industrial conplex associated with radioéarbon dates ranging from the -
second to.tgnth centuries A.D.. (Summers 1967). Thése beads are very few,
and their significance is'hardvto weigh. iﬁ the present research we have
'concentratéd on beadé nhiéh exist in larger'numbers;'such as the hundreds
or thousands. Once these beads are understood, it mey be possible to form

an understanding of the rare earlier beads.
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Previous'Investigations

Previous'litefatufe da_Afficaneglass beads ia very fragmented.
Past'reports have usually beep rather straight-forward descriptioas of
beadsAand have ususlly been ofganiaed aroand specific sites or specifiec
sets ef beaﬂs; Even the lCnger articles are subdivided in this manner,
so that, while they are comprehensive, they are not genersl (Beck 1931,
1937; Schofield 1938, 1942, 1958).

~ The important comprehenéive treatments of the sabject are those
of Schofieid (1938, 1942, 1958). He divided the beade found in archaeolo-
éical sitea in_Seuthern Africa into three Series (1938, 1942). Later
these Series names werebdropped, but the eoncepts.remained intact in his
‘work (1958). The First Series largely corfesponds to our Mapungubwe
oblate group (Chapter 6).  The Second Series no longer has integrity as a
' grouplng. It is dlfflcult to know exactly which beads Schofield 1nc1uded
in his‘Second Serles,_but 1tﬁprpbably-correqunded in part to trade w1nd
_beads (ChaptervT)»of'smallvsize.' The Third Series corresponds to eighteenth
and nineteenth century 5eads not the subjeet of this inﬁestigation.

ASide ffom fhe three Series, Schofield distinguished a variety of
etherfSetsvof beads;vsuch as>ancestra1 beads, beads‘of the East Coast, beads
of Malawi,‘and_beads>of the Zulu. These varieus sets and Series were never
'satisfactofily related to one anether in his work, and indeed they were
~defined by differeat criteria; sometimes by use,‘sometimes by geography,
sometimes by appearance. | |

Other- authﬂrs have addressed partlcular subjects in Afrlcan bead
archaeology, such,} as van Riet Lowe on beads of Mapungubwe (1955) or on helr—

f

loom besads (1937),-quinson on_beads_of Zimbabwe (1961), Shaw on beads of
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Igbo Ukwu (1971) ahd.mény:others. scﬁofield'(1938; 19h2, 19&3, 1958), -

Beck (1931), Laidler (1934), and van Riet Iowe (1955) all gave accounts

- of documentary mentione:of.beadelwith reSéect’to'Southern Africa.
These particﬁlaristie studies,.and‘others, are treated iﬁ the

appropriate chapters telow, vhere we present'sﬁhmaries of the literature

as reie_va.nt‘to._the problerne Ve investige.ted._ ‘A general_ classification,

for‘further teStiog, is'proposed_iﬁ'Chapteriid.A

A persistent feeture of the African bead literature has been

attempts to_identify_beede known archaeologieally'with beads known from‘t‘

docﬁments. Suéh a procedure‘can rarely’yield defensible identifications

because the docamentary descriptlons are amblguous and 1ncomplete More-

over, it 1s rare that, solely ‘on the basis of archaeologlcal evidence,
beads ean be placed.lnvcontexts plaus;bly relevant to the documents.

| If, for example, we should find by some means that the M beads
of Bambandyanalo belong to the early 51xteenth century (!), only then -
would 1t be proper to ask whether they may be 1dent1f1ed with blue trans-
parent (crlsta71na)-vlass beads of Venice mentloned in Portuguese doeu-
ments from Sofala of. the perlod 1498-1508 A.D. (Lobato 1960:L45) and only
then would it be proper to ask if the approx1mately elght mllllon beads
which van Riet Lowe (1955 3) estlmated were imported into Africa from
Sofela durlng.Jgst one sample year,-1508—1509,'might have somethlng tovdo

with the miilions of beads at Mapungubwe.
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CHAPTER 5. MAPUNGUEWE AND BAMEANDYANALO

Introduction

'Thevelpsely neighboriﬁé‘Sites of'Bambahdyanalo (K2) and Mapungubwe
lie in the LimﬁopovRiver valley of the Republic of South Africa (Figgre 11,
Chapter.T). Diseoyereq end excavated in the 1930's, the sites are desefibedv
by Fouché (1937), Gardner‘(l963);'Fagen (196h), and others. Excavations
pPresently being.carried'Out.ma& fiil in.some of the remainiﬁg gaps in our
knowledge of these two related sites.

Mapungubwe is situated on a hilltop, while Bambandayanalo lies at
its foot about a kllometer away. On the basis of stretigraphy, artifact
conteﬁt,ihuman skeletel morphqleg&,,and radiocarpqn_dating, Bambandyanalo
is thought to be akin to the Rhodesian Iron Age Industry‘Le0pard's‘Kopje3
phase 2 (Rebinsen'1966, Summers 1967T) and to correspond more or less to
Zimbabwe phase 2 (Period II). AThevmajor,'oririch, hebitation at Mapungubwe
is fhought”te correepond-to Leopafd's'KopJe-phase 3 and tc Zimbabwe phases
3 (Pefied III) and h (feridd'IV), but more eSpecially»to'phase 3 if we may |
Jﬂdgeeby the beads. Evidence for phase 4 at Zimbabwe 1tself is quite thln
Thus , Bambandyanalo pre-dates Mapungubwe. _ |

A radiocarbon date from "Beast Burial"2 No. 6 (B.h‘ S.6) at Bam—

bandyanalo gave the result 1050 + 65 A.D. (Y-135-17) (Fagan, 196h and 1965)
and_the correspondlng phase 2 at Zlmbabwe is thought to date between

330 ¢ lSO.A.D. (M—193 Summers et al. 1961) and 1075'1'150 A.D. (M-91k,
Fagan 1965) For brev1ty, these first and third dates immediately above

are referred to below. as the "eleventh century" detes, although it is

2The so-called beastmburlals are human burials containing fragments of

bovids..
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emphasized'that'the Aates actually spaﬁ a?proximatelyithévééfly7teﬁ£h'td'

early thirteenth centuries in.one céSe‘(M—élh) and‘fhé.latertenth to early
twelfth centuries in the other case (Y—l35—17). These "eleventh century"

dates mark the bordef; 6r>§ransition, between phases 2 and 3,'Bbth in the

Limpopo Rivef valley sequence under discussion, and aé.Zimbgbwe;

The radiocarbon dates associated with thé major habitation at .'
Mapunguﬁwe are 1&20? + 60 A.D;.' (Y-135-9, Fagan 1965) é’hd 1380 + 50 A.D.
(f-l35—6h,'Fagan 1965). At Zimbabwe. the corresponding phase 3 is "framed"
by radioca.rbén dates of 10_75;4 150 A.D. (M-91k, Fagan 1965) and'ihho + 150
A.D. _(M-9is, Fagén 1965). * An sdditional date, sfrat}igraphically between
M-91k and M-915, gave a cqnsistent result, 1390 * 90 A.D. (sR-L47, Phillip-
son 1970). These dates are consisteﬁt with others obtained for the Iron

Age in southern Africa; and we shall return to the subject of radiocarbon

dates below.

-Part 1. Mapungubwe

Description of Beads

Mapungubwe is said to have yielded millions of gless beads, clearly '

mass—producéd.- Prominent amongvﬁeéds ffom that site is a series of small
cane beads which has come to be kﬁown as the Mépunguﬁwe oblate.series. |
These beéds are typically oblate, and we.shall sometimes call the series
thé "oblates", but cylindrical forms do occur. The beads are aboutvl—h mm
in length and 3-6 mm in diameter. Extremely ngmefous, filling nuMe rous
jars and boxes, ﬁﬁey'occur in the common'coiors of glass, particularly in
blue—green,‘greéh, yellow, dull brange (amber), black, and cobalt blue.
Indian red is rare or'absent. Clear colorless has been obserfed by the

author in rare cases. The Munsell equivalents for the colors are:
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blue-green, No. 5§G,6/7; yellow, No. 5Y,7/10; orange, No. 10YR,5/6; cobalt
blue, No. 7.5PB,3/11; and green, No. 5GY,5/6.

This series of small beads, mostly oblate but with a small percen-
tége of gylindrical beads, is visually indistinguishable from a serie;
found in phase 3 at Zimbabwe (Test I, iayers 10-14%, Robinson, 196la), a
fact which has been previously noted (Robinson, 1961b). In part of what
follows we provisionally assume that the series found at Zimbabwe is "the
same" as that found at Mapungubwe whence came all our samples. The results
of X-ray fluorescence analysis of beads from this series from Mapungubwe
and Zimbabwe, presented in Table 1, are entirely cqnsistent with this
assumption. With this assumption it is possible to ellow information from
Zimbabwe to add to the small amount of satisfactory information available
from Mapungubwe, and to elucidate the historical picture barely visible at
Mapungubwe alone.

Plates I and ITillustrate the oblates under discussion. In Plate I,
beads from Mapungubwe, Skeleton lh;3 are shown adjacent to beads from
Renders Ruinh at Zimbabwe. These feads from Renders Ruin are the "larger
oblates...matched by those from the [Mapungubwe] Grave area" (Schofield
1958:202). Tﬁe appearance of these beads is like that of phase 3 oblates
from the 1958 excavations of Summers and Robinson, except that many samples
from the 1958 excavations are smaller than those in the photograph in Plate

I. Examples from the 1958 excavation are shown in Plate II.

3purial 1k is described in Fouché 1937:126, 149-151, and its location is
shown on a map following p. 183.
hThe Renders Ruin excavation was carried out in 1943 by Goodall. The cir-

cumstances of the recovery of the beads are described by Schofield (1958).
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It has previously been noted that there existed at Bambandyanalo
beads which fesembled the Mapungubwe oblates (van Riet Iowe 1955, Scho-
field 1958, Gardner 1963). A number of these beads from Bambandyanalo were
aﬁalyzed in order to test this observed resemblance.

Results

Resulﬁs of X-ray fluorescence analysis of a number of beads from
the Mapungubwe oblate series, as recognized visually, are presented in
Table 1. The beads came from Skeleton 14 at Mapungubwe, the excavations
of 1958 on the Zimbabwe Acropolis, and the excavations of 1943 at Renders
Ruins at Zimbabwe. Further details of provenience are given in the Table.
(These sites, particularly the last, yielded other kinds of beads which do
not concern us here.) The results of X-ray fluorescence are not compre-
hensive enough to prove that the beads of Mapungubwe and Zimbabwe "match"
each other, but the results are consistent with this judgment.

Nineteen samples from Mapungubwe, all from Skeleton 1L, were sub-
Jected to neutron activation analysis, the results of which are presented
in Table‘2b. fable 2c gives one béad from the Mjelele Valley burial of
Rhodesia (see Chapter 6).

An estimate of the Pb content of the beaas, by color, is given in
the notes to Table 2. This estimate was reached by X-ray fluorescence
analysis of grouped sanmples of oblate beads from Skeleton 14 at Mapungubwe,
no% necessarily ithe same samples that received neulron activation analysis.
Discussion

The Mapungubwe Chemical Group. It is apparent from Table 2a that

chemical resemblances exist among the beads analyzed from Skeleton 1L at

lMarungubwe. These resemblances are sufficiently strong that we consider
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these Mapungubwe beads to form a group sharing a common origin. We desig-
nate this group the Mapungubwe Chemicsal Group I.

We shall use the term "chemical" when referring to our chemical
group, and "oblate" when referring to the visually-distinguished series of
beads. Again, we note that the term "oblate" is an heuristic short name;
the series includes beads of a cylindrical shape, and likewise the chemical
group does alsc (see Tables 1 and 2).

Some characteristics of the Mapungubwe Chemical Group are as follows.
The beads are made from a soda-lime glass, occurring in different colors.
The colorants and additives in use are manganese, copper, zinc, tin, lead
and probably ccbalt. Manganese is used intentionally only in the yellow
and orange beads, where it probably serves as a decolorizer.

A cobalt blue oblate from Skeleton 1k wés analyzed (Teble 2a,
notes). Because of the tiny weight of the sample (4.8 mg) we do not place
confidence in the quantitative results, but certain qualitative traits are
clear. The bead is a soda-lime glass, colored with cobalt, and not con-
taining sufficient‘manganese, tin 6r antimony to indicate intentional inclu-
sion of any of these elements as a glassmakers additive. Visual inspection
of the numerous Jjars and boxes full of oblates from Mapungubwe revealed
many cobalt blue examples. However, we cannot show tﬁat any cobalt blue
bead belsﬁgs irn the Mapungubwe Chemical Group, because the one sample we
analyzed is simply too small to give reliable results. All the cobalt blue
oblates at our disposal looked comperably tiny, and therefore we did not
analyze further beads of this color.

We found one bead from Mapungubwe, Skeleton 14, which did not fit

into the Mabungubwe Chemical Group I. Although it resembles the other



blue-green beads visually, the bead MAP-18 (Table 2a and Figure 6) is
slightly different from them chemically, having been made without the major
additife tin. There are other chemical differences as well, of a sort
wnich suggest a different coloring recipe and perhaps a slightly different
set of raw material. This sort of variation might be reasonable to expect
in one factory since glassmakers aim at a visual result rather than a
chemical composition. This bead is omitted from the Mapungubwe Chemical
Group I, and it indicates that there may be other chemical groups to be
distinguished among the oblates at Mapungubwe.

The Occurrence of Beads Matching the Mapungubwe Chemical Group at

Bambandyanalo. Conmparison of some small beads from Bambandyznalo (Table

2b) with the Mapungubwe group indicates that some samples from Bambandyanalo
chemically match the Mapungubwe Chemical Group. The three from Skeleton 18
were oblate in shape, and the two from Skeleton 21 were short cylinders
(s shape so similar to oblate that the distinction is hardly worth making).
Four of these five black beads fit into the Mapungubwe Chemical Group, and
the fifth is very similar. The three purple ("plum") beads, all small
oblates from Skeleton 29, show a general resemblance to the Mapungubwe
Chemical Group, but do not fit st S0

Figure 6 shows the mean concentration, with the root mean square
deviatio;s, of the precisely determined elements in the Mapungubwe Chemical
Group I. In Figure 6 this mean concentration is compared with the concen-

trations (with counting errors) of eight individual beads from

5It is curious that the three purple beads from Bambandyanalo contain tin
in an additive range of concentration (average Vv 0.2%). Tin is usually an

opacifier, and yet these beads are very transparent.
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Figure 6.(continued) be seen on the scale of the

drawing. In alphabetical order, the samples
are BAM-S18a, BAM-S18b, BAM-S18c, BAM-S2la,
BAM-S21b, BAM-S29bl, BAM-S29b2, BAM—S29b3,
MAP-18, and MJE-15b.
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Bambandyanalo, plus the bead MAP-18 and the bead MJE-15b.

When the elemental concentrations of the five black beads from
Bambandyanalo are compared with the‘mean elemental concentrations of the
Mapungubwe oblate group, each bead agrees with the group for over two-
thirds of its elements. That is, the elgmental concentrations fall within
or overlap the group concentration distributions in over two-thirds of the
elements for each bead. One would not expect more than two~thirds of the
elements to fall within ranges defined by-standard deviations (our root
mean square deviation), and therefére by @his tesﬁ each black bead from
Bambandyanalo fits into the Mapungubwe Chemical Group I.

It is important to weigh the importance of the discrepancies in
the few elements which do not agree. In our estimation the disagreements
between four of the five black beads from Bambandyanalo and the Mapungubwe
Chemical Group are not sufficiently large to bar irnclusion in the group.
The fifth black bead, BAM~-S18a, is barred from the Chemical Group by its
dramatic discrepancy in the concentration of chromium.

By the above line of reasoning it is concluded that four black beads
from Bambandyanalo match the Mapungubwe‘Chemical Group, within the degree
of scatter exhibited by that Gréup, as measured by the root mean square
deviations of the mean elemental concentrations.

Thus we have indicated that four Bambandyanalo black beads match’
the Mapungubwe Chemical Group. We now turn to the three purple beads from
Bambandyanalo. If one returns to Figure 6, one can see that each bead
agrees with the Mapungubwe Chemical Group for far less than two-thirds of
its elements. It is thus clear that the purple beads do not resemble the
Mapungubwe Group as much as the black beads do.” Similarly, the bead MAP-18

differs from the Group.
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.Of the nearly 40O beads that we have analyzed by neutron activa-
tion, we have found only one other bead that resembles the Mapungubwe
Chemical Group as much as do the black beads from Bambandyanalo. This is
a single black reheated cane bead (MJE-15b), short-cylindrical in shape,
from a burial in the Mjelele Valley 6f Rhodesia, which is thought to date
from the eighteenth or nineﬁeenth centuries (discussed further in Chapter
6). The bead was larger than the typical Mapungubwe oblate, measuring
2 mm in length and 3.5 mm in diameter. Although this bead méy belong to
the Group, it is excluded on aécount of its dissimilafity of size. We
think it advisable to wait to see if more such beads may be found from
this burial before making a final judgment.

The finding that some beads from Bambandyanalo match beads from

'Mapungubwe confirms earlier judgments made on the basis of the appearance
of the beads (Schofield 1938:349n; Schofield 1958:211; Gardner 1963:83).

Dating, Origin and Distribution. The date of the major occurrence

of the oblate series from which our samples were drawn falls in the span
of time in which occur thé parailel and' contemporary cultural phases
Leopard's Kopje 3 (IK3), Zimbabwe 3 (Z3), and Mapungubwe Mi, if the latter
is to be given independent status. Unless intrusions have occurred, the
first occurrence of these oblates is towards the earlier part of this time
span, even in LKZ2 and Z2. These first occurrences are at Bambandyanalo,
as discussed immediately above, and at Zimbabwe, where the oblates typical
of Z3 ocecur in a lower layer which belongs to Z2 (Test I, layer 1k).

As previously pointed out, the border between LK2-LK3 and Z2-Z3
has been given approximately eleventh-century dating, by radiocarbon dates

et Bambandyanalo, at Zimbabwe, and at other sites. The oblates at Zimbabwe
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that occur in the layer belonging to Z2 wereifound stratigraphically below
the layer that'yielded the eleventh-century radiocarbon date (Test I, layer
13). It thus. appears that the eafliest occurrence of these oblates is
eround the beginning of the second millennium A.D.

.The manufacturing origin of these oblates is not known, and the
ingredients of the glass, as they may be typified by our Mapungubwe Chem-
ical Group I, are not narrowly diagnostic in this regard. For example,
the absence of the use of Sb as\an opacifier would hint that the glass may
fall between the fourth and eighteenth centuries A.D. (Chapter 2 above).
The use of a sodium rather than a potassium alkaii would indicate that med-
ieval Europe is not the source of the beads. The rarity or absence of
Indian red is probably due to fashion rather than to manufacturing ability.

The distribution of these oblates is limited. Their main occur-
_Yences are at Mapungubwe and Zimbabwe. No such series has come to light
on the East Coast. The.oblates are appropriately dated to have been dis-
tributed by Arab traders, but possible Arab distribution does not prove
Arab manufacture.

It is rather surprising to find such beads as the Mapungubwe oblates
in contexts datable in their earlier portions to ¢. the eleventh century.
By their vast numbers and uniform appearance they could serve as the very
epitome 6f European mass-produced conterie of the périods of discovery and
colonialism. It must be remembered that the contexts in which these beads
occur have also received approximately fifteenth century radiocarbon dating,
both at Mapungubwe and Zimbabwe, and one of the radiocarbon dates (M-915,

1440 * 150) spans virtually the entire sixteenth century, which brings us

into the period of European discovery.



A later dating is less surprising than the eleventh century dating.
If the earlier dating is truly apblicable to the beads it would be of very
great interest to find the center where such manufacture was carried out
éﬁ such an early date. Moreover if the dating is correct it is interesting
to find a possible member of the Chemical Group in a site as late as the
Mjelele Valley Burial. However, there is some reason to re-examine the
"truth" of the eleventh-century dating, a matter best discussed in Part 2

of this chapter.

Part 2. Bambandyanalo

Description of Beads

The Bambandyanalo (K2) site is best known in its aspects as a
burial site, having yielded approximately séventy separate human burials.
The anatomical traits of fhe Skeletonsvplace the population in a Khoisan
phenotypic grouping (Galloway 1959), a group which is associated with
several IK2 sites'(Summers 1967, Robinson 1966).

Many of the burials containéd'glass beads, which were exceedingly

similar from burial to buria1.6 The skeletons and associated finds are

6Many eriticisms have been directed at the excavations of Bambandyanalo

and their documentation, to the extent that it may be doubted whether the
beads were truly associated with the buried skeletons. There is every
likelihood that the zssociations are valid. In some cases bead arrangements
were recognizable as necklaces to Gardner, and in other cases where he
doubted artifact associations, he said so (1963). In any case, it is of
little consequence for our investigations if the associations are not valid.

Bembandyanalo is the only presently-known site in Africa where the M1 beads
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individually described by Gardner (1963:40-51). The main type of bead
present was a small transparent to translucent‘blue-green (~ No. T.5BG,8/5)
reheated cane bead, as shown in Plate IIIwhich has came to be recognized

" as a stylistic type (Gardner 1963, Lowe 1955, Robinson 1961, Schofield
1958, and personal observations). This type is here designated the M
type, a designation adopted from the excavator, Gardner, but restricted

in meaning to only the small transparentito translucent reheated cane
cylinders and short cylinders, and perhaps é few oblates (compare Gardner
1963:33).

Like the Mapungubwe oblates, the Mi beads have a limited distribu-
tion. Their main occurrence is at Bambandyanalo. A few dozen occur in
phase 2 at ZimbabweT; a few occur at Mapungubwe; Jjudging by published
descriptions two occur at Leopard's Kopje (Robinson 1966), one occurs at
the Gokomore Tunnel Site, and one, bearing the label "Sofala" exists in
the collection of the late Dr. van der Sleen. The Mi ty?e does not in- l
clude the blue-green snapped canes found in LK1 and IK2 sites (Robinson

1966, Summers 1967) or in Test V, layer 3 at Zimbabwe (Robinson 1961).

6(continued) occur in large numbers. The site does not appear to represent
a long period of cultural development, and the M1 beads may be virtually
contemporary with one another regardless of their association or lack of
seme with particular skeletons.

TThe designation "b&" beads corresponds closely to Robinson's blue-grey
translucent cylinders and blue-green transparent cylinders, but probably
with slightly less than 100% agreement. Robinson lists four blue-green

transparent cylinders in Test I, layer 14 (phase 2), but the author, who

saw all but one of the thirty-nine beads excavated from layer 14, noted no
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Plate ITI. Beads of M1 Type from Skeletons 43 and 45 at Bambandyanalo.
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Besides the beads of Mi type other beads were present with the bur-
ials and in éther parts of the site. " Included among these were the so-
called garden roller bead;.

There is evidence that the garden roller beads were made onvthe
site of Bambandyanalo. This evidence consists of clay ring-like objects,
found at Bambandyanalo, interpretable as molds for the garden roller beads,
plus possible firing pits at Bambandyanalo (Gardner 1963:7-8). Van Riet
Lowe (1955:10-13) and Gardner (1963:7) have suggested that it was the M
beads, so numerous at Bambandyanalo, which provided the raw material for
the garden roller beads, the latter being formed by the melting and rework-
ing of M1 beads. Some.qualitative spectrographic analyses gave results
consistent with that hypothesis (van Riet Lowe 1955:11).

Results

Results of X-ray fluorescence of Mi beads from Bembandyanalo and
from Zimbabwe (Text IX)-are presented in Table 3.

Results of neutron activation analysis of Ml beads from Bambandy-
analo are presented in Table 4a. In Table Lb are presented the results of

analysis of the garden roller beads. Results of analysis of a few other

beads from Bambandyanalo are presented in Chapter T.

7(continued) beads of M, type aumong them. This small disagreement has
little effect on the present discussion since the bulk of the M1 beads
at Zimbabwe (which the author does confirm) came from Test IX. The two

which the zuthor analyzed by X-ray fluorescence (Table 2) are rather

large exemples of the M1 type.
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-Discussion

Iyi Béadsj The Xfray-fluoresdence.presented in Taﬁle 3 are consis-
tent with the previous_usual'dbservation that the M1 beads of Bambandyanalo
vaie the same typévof bead as the'"bluefgréen transparent cylinder" of
Zimbabwe (Robinson 1961b), and, by extension, LKQ;sites generally.

The Manufactﬁre of the Garden Roller Beads. Our results cannot

prove that the*actual'sité'of.manufacture of the garden roller beads.was
or‘ﬁas not_Bahbandyanalé, but they cah'be ﬁsedrto Judge whether or not the
glass of the garden roller beads natches éhaf'of the Ml'beads, as it ought
tQ if the fcrmér werg‘made‘from the‘latter, Our resulfs are also relevant
to the.question'of wbethér or nof anyvother beads besides the M1 beads
vmight have been included in the garden foller beads. Mapungubwe yielded
a iarge number of blue-green oblaﬁe beads, and without chemical ansalysis
it;might seem reasonable to suggest that the Mapungubwe oblates may have
been used in the'garden roller beads. This might bé-sﬁggested despite
the faét'that the occupation of Mépungubwe is considered to have been later
than fhe occupationvof Bambanayanalo, in £he interest of thoroughnesé, and
in view of the fact thé£ Mapungubwe oblates are found on burials in Bamban-
dysnalo (Part 1). | |

The folloﬁing line of reasoning shows that the éarden roller beads
belong to the_samelgﬁemicai group as do the M_1 beads.' When.the elemental
concentrations‘bf phé individual gafden rollér beads, with counting errors,
are compared agzainst the mean‘concehtrations, ﬁith‘standard deviations
 (root meen sguare deviation), of the eléments in the.M1 grbup,veach garden
rollerkbeadvagreés.with_the Ml_group for over two-thirds of its elements

(Figure T). One could not expect a higher percentage than about two-thirds
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Figure 7. Comparison of M; beads with garden roller beads.
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to fall within:a fanée:defiged by a standard»deviation, and therefore by
this test the gardéh’foller beads may be considered indistinguishable
from the N& beads. | |

ir fhé-mean'coﬁcenirafionﬁ for each element, with standard devia-
tiﬁns, are compﬁtéa'fof'the géfden rbllervbeads aé’a’unit and compared
:ﬁith the means forithe M1 bead group, thg mean concentréﬁions agree within
their Standard-deviations fof'ail ls éleﬁents. ‘Mbreover, it can be shown
by célculatiénvthat the two gfoups agree within the standard deviations
of the'ﬁeans (sfandard errqr) for ten of the fifteen elements. This behav-
ior is consistent with ﬁhat may be expected for two sets of samples from
the same lafger'éoﬁuiétidp (Young 1962:92—97);

| Forvthe ébqvejreasohs, then, the gafdep roller beads ére'judged to

match the Mi beadgnchemicaliy.v_Indeed of nearly 400 beads analyzed as a
part of this study_no.pthér beads resemble the Mi beads as closely'as do
the éardeﬁ'roller beads. .This finding is consistent with the hypothesis
that the garden roller beads were made from meltéd‘Mi beads.

While the garer”roiler béads match the M1 béads on comparison, -
.they db.not bear such‘a résemblgnce to the Mapﬁngubwé Chemiéal Group I.
Whenvthe mean élémehtal.éoncéntrétionsvfpr the garden réllér beads are
coméared against the mean'concen£ra§ions for tﬁe Mapungubwe.Chemical Group,
the vglues, within their standard deviations,_disagree for seven of the
fifteen elements (Figure 8). In particular, the Mapunéubwg'Group has a
_high mean tin'éonéentration,'whilelthe Ml aﬁd ggrden fo%igr‘béads do not

(Figure 8).

Mixtures of Beads in the Garden Roller Beads. While it may be

readily agreed that‘the garden roller beads resemble the Ml beads chemically

*
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more closel&_than tﬁey resemble the'ﬁapungubwe oblates (Figure 8), it
nmight be Suggested thét the garden roller beads cduld have been made from
a mixture of Mi and Mapungubwe oblate beads. Webdo not detect such a
mlxture, on the ba51s of the fOllOWlng cons1deratloné. |

‘One of the most dramatlc dlfferences betWeen the Mi and Mapungubwe
oblate blue—gregn beads is in their Sn content.' If the garden roller beads
’COntainedbﬁéry nany blue-gréeﬁ tin;contéining Mapungubwe oblates, like
those analyzed here, then the tln content of the garden rollers would be
higher than the t1n in the Mi beads.__As_llttle as 3% Mapungubwe teads
would berdetectable,1since this amount would give the garden roller beads
" 0.05% tin, which is more than‘one staﬁdara'deviation higher than the Ml

mean for tin (Sn):

(97 + 0.03% Smy )+(3 + 0.76% Smy,)

= 0.05% Sn .
100 . “GR

‘However, no such eléVation.of tin- content is.observed in the
garden rollér bead$'(Table hﬁ). |

Our sampleé yielded one bluefgreen oblate bead from Mapungubwe,
desighated MAP-18 (Table 2),‘which did not show a high tin content. Is it
,pOSSible’that a numbér of beads like MAPle may have been included in the
garden roller beads?- Agaiﬁ_we detect no confribution of beads from Mapun?
gubwe. In this case,_the limit of detection is 5'30 beads like MAP-18,
vand the clue is an exnected dllﬁtlon of the elenenu uranium. Omitting the
six highest uranium values, which’ are unusually high, the averazge uranium

in M beads 21.9 * h 0 ppm. The uranium content of MAP-18 is 1.69 + 0.07

ppm. If many beads like MAP-18 were mixed with the M beads to form the
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garden»roller beads, oﬁe.wpuld'expect'a dilution‘of uraniﬁm in the.garden
roller beads. Thirty pefcent beads.like'MAP—iB and T0% beads‘héving 21.9
ppm uranium would glve the garden rollers 15 9 ppm uranium, which is more

than one standard dev1at10n 1ess than the mesn wranium (U) in the M1 beads

(30 : 1. 69 ppm U 8) * (70 - 21.9 ppm U l)

= 15.9 ppm U
100 | . GR

Hdwever, wé defecﬁ ho;énch dilution in fhe'garden roller 5eads.

On the basis of the foregoing, the infefgnce is made that beads
from the Mapungubwe Chemical Group I were not used in the manufacture of
vthe garden.rolier Beads froﬁ Mapﬁngubwe and Bambéndyaﬁalo. The hypoﬁhesis
that.it was fhe M bbeaas 6f Bambandyanalo which were used to make the

1

garden roller beads is bqrné out by our analyses.
R o ,

Subgrouping Within the M Beads. In order to test the hypothegis
that garden roller ﬁéédé match Mi beads, it was apprdpriate to consider
as one group all the M1 beads that we heve analyzed. These 29 beads form
'va chemlcal group whlch is clearly separable fr0m all other beads we have
analyzed except from the five garden»roller beads-that we analyzed,

It is possiﬁlekﬁo diécern’some subgroups of M1 beads, which,
thevér;’are.of n§ use;at thé'preéent'time. They are merely notable. The
major subgrbup confaigs'thirfeen beads from Skeleton 43 (BAM—Sh3a through
—Sh3m, Table L). These thirteen beads form a "tighter" group than is
v formed by the larger groupvof twenty-nine Mi beads. Left over are three
| beads from Skeleton L3 and thirteen beads from Skeleton L5. Some of these

sixteen left over beads combine into a few other small subgroups.
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When our pre-analysis records were revieﬁed in the light of our
results, no>notes were recorded for the thirteen beads from Skeleton 43
which would have segreéated them from the other‘N& beads on a visual basis.
ﬁll 29 Mi beads appeared to be nearly as alike in appearance as possible
with convehtional glass bead mass-pfoduction techhi@ueé (as done in thé
nineteenth and twentieth ¢enturies). Although there wére slight-variationé
among thé Mi beads, these seemedbto bevthe random variations found in a
mass-produced item and not variations produced by design and recognizseble
independently to different archaeologists. The thirteen beads in the sub-
group included both longer and shorter cylinders verging.on oblates. Sim-
ilarly the sixteen left-over beads ihcluded both longer and shorter cylin-
ders verging on oblates. All lengths and diameters were approximately 2-3
mm. The thirteen beads were very transparent, as were all other Mi beads
except four.

| Therefore we feel tﬁat it is not possible'onithe basis of appearance
to divide the Mi beads intb groups that correlatevwith chemical groups;
In other words it is not possible to predict the chemical grouping of the
beads on the Basis of small veriations in their appearance.

Dating and Relationships to Other Beads

Results from the M, beads raise questions about the "truth" of the

"eleventh-century" radiocarbon dates customarily taken to represent the

8There may be one partial exception to this generality. The four translu-
cent beads had the four highest uranium concentrations (82.2 to 122.7 ppm).
There may be some kind of relationship between the uranium concentration

end the translucency, but nothing of this sort has been established..
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date of Bambandyanalo and of the border between Z2 and 73 at ‘Zimbabve.
The problem, if we nax,anbielpate subeequent chapters slightly, is this:
in terms of their :;pg}ediepts, these M, beads of the Middle '}Ivro'n Age |
(Sumners l967) show a strong fesemblanoe bo-the trade wind beads of the
Later Iron Age,‘diecuesedvin Chapter 7;' This'resemblance might be inber;

- preted to mean that the M1 beads and the trade wind beads are of the same_

vmanufacture even though there is a substantlal chronolog1cal span involved.»'

If thls is true then we face the possibility that-glass beads of

the degree of resemblance displayed by the uranium-bearlng beads might have

‘been. made over centurles,‘a much longer time span than was previously felt

to be reasonable. If bead groups or-famllles of groups can span such a

long time, then they may not be as useful an archaeological tool as had

sometimes been envisioned. For a bead group to be useful archaeologically,’

especially in dating, it should reflect a period of manufacture consider-
ably Shorter than the.time‘span_of tne archaeological entity under inveeti—
gation. Similan coneiderations apply to the time.span of the Mapungubwe
oblates as well. |
| : Onbthe'ofhethand;-if bead groups cannot span such»a long time,

then there_must'be"errors in.the dating of at leaSt'eome of.the sites at
which the uranium—bearing beads ocecur. Suob'an.eventuality may have far-
reaching.implications in the southern Afrlcan:Iron Age sequence, which is
dotted with radiocarbon; ceramic, and documentary dates consistent with
those that have come into‘the dlscussion here.

A re—eXaninaﬁion of southern African archaeoclogical dates may not
‘be warranted on~thebbasis of the M1 beads alone, since they are noﬁ.indub-

itably stratified in a pre-"eleventh century" time span. At Bambandyanalo

ez
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one might raise questions concerniné the adequacy of the excavations and
the relevance of the radiocarbon date, since the semple which was dated
was obtained some twenty years after the original e%cavatiOns (Fagan 1964).
At Zimbab&e, most of the Mlvbeads occur in Test IX, from which no radio-
carboh-dated materials waé obtained. Althougﬁ.Test X yiélded artifacts
distinctive of 72, it is possible that the beads do not belong with the
artifacts, for the deposit was nof sealed, and the'excavato: has expressed’
. some doubts along thi; line (Robinson 1961b). At Leopard's Kopje itself
(LX2) only two such beads, judging by deécriptions in the literature, were
found, and they are not among those which are considered as typical (Robin-
son 1966). | |

Although a re-examination of southern African afchaeological dating
may not be warranted on the basis of any M1 beads or of any evidence from
Bambandyanalo, there are other sites where trade wind beads indistinguish-
able from those of the Portuguese period occur in.stratigraphically pre-
Portuguese time levels with more certainty than do the Ml beads in the sités
discussed here. The present discussion of Bambandyaﬁalo has provided a coﬁ—
veniently simple context in which to introduce a tho?ny dating problem, to
which we shall return in Chapter 7. |

Chapter Summary

. This inveétigation has found one chemical group of beads consisting
of Mapungubwe oblates, and another consisting of Mivbeads.v Beads matching
the Mapungubwe Chemical Grbup occur in burials at Bambandyanalo (Skeletons
18 and 21). Samples of garden roller beads from Bambandyenalo and from

Mepungubwe match the M1 Chemical Group.



In;ouf,discussionS'we have-assumedﬁﬁhat»the'bead érdups here dis-
cussed cress-cut‘sites.-.In this_ partlcular case there is general agree-
ment w1th our assumptlon that the M1 beads and oblates of Bambandyanalo
‘a.nd Mapungubwe are "the same" as sn.mila.r beads at Zlmbabwe

With this assumption it has been possible‘to bring interpretative

evidence from Zimbabwe to bear on the beads from Bambandyanalo and Mapun-

gubwe, sites for which much of the presently-available information is not -

satisfactory. In parficulaf, the approximately eleventh century dating.
of the Mi beads at Bambandyanalo is confirmed by similar dating from
Zimbabwe. Therefore it is not poss1b1e lightly to dlsmlss such early
datihg vhen, ent1c1pat1ng_slightly, it is found that chemically the M1
‘beads resemble the trade Vind beads, a group found in Portuguese sites.
A rather thorny problem in the dafing of sites and beads is introduced

in this chapter, a problem which will be taken_up again in Chapter T.



Table la.: Glass Beads from Mapungubwe:

X-ray Fluorescence Analysisa

Color Mn Fe Cu Zn Sr Zr
black <0.3 0.6 +0.1 0.18 ¢ 0.0k < 0.1 0.0k * 0.01 0.01
green | < 0.3 1.0 £ 0.2 0.6 t 0.1 0.08 + 0.02 b b
orange 0.5 %+ 0.1 1.0 + 0.2 0.05 + 0.02 0.6 #* 0.1 b b
yellow 0.3 + 0.1 1.0 + 0.2 0.06 * 0.02 < 0.1 b b

®A11 data are given in percent. All samples were analyzed for Co and As but these were not detected.
The lower limit of detection was 0.1% Co in all four samples, and 0.1% As in the black samples.

For the others, the Pb content was too high to allow detection of a small amount of As. All sampies
consisted of several beads.

Pb content too high to allow detection of small amounts of this element.

6L



Table la. concluded

Color Sn Sb Ba Pb Shape Provenience
black " 0.007 < 0.02 0.05 * 0.01 0.02 obl. Skeleton 1L°
green 1.1 + 0.2 0.013 + 0.004 0.05 # 0.01 6.7 * 1.0 obl. Skeleton 14°
crange 1.2 # 0.2 0.011 * 0.004 0.06 * 0.01 9.9 * 1.5 obl. Skeleton 14°€
vellow 0.8 + 0.2 < 0.02 0.06 + 0.01 6.3 % 1.0 obl. Skeleton 14°€

cSee Fouché 1937:

126, 149-151, map following p. 183.

~9)-
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Téble 1b. Glass Beads from Zimbabwe, Acropolis:

X-ray Fluorescence Analyé_isa

- Color Mn : ' Fe . Cu ' Zn Sr Zr
black < 0.1 0.5% 0.1 0.12 +0.03 6. 02 0.03 - % 0.005
" ' < 0.1 0.5 £ 0.1 ~ 0.15 * 0.03 0.03 0.03 ~ 0.005
" < 0.1 0.7 + 0.2 0.03 0.03 0.0k £ 0.01 0.01
" <01 0.5%0.1 0.03 - 0.03 0.03 0.0
" <01 0.5 * 0.1 0.02 ~ 0.03 0.0k £ 0.01  ~ 0.005
" < 0.1 0.4 £ 0.1 0.03 - 0.02 0.0kt 0.01 0.01
" < 0.1 0.5+ 0.1  0.02 . 0.03 .- 0.03 0.01
"o < 0.1 0.5 + 0.1 0.02 ~  0.03 0.0 + 0.01 - 0.01.
blue-green < 0.1 0.6 + 0.1  0.43 £ 0.08 - 0.03 0.0k + 0.01 = 0.01
" < 0.1 0.5 * 0.1 0.48 + 0.08 0.03 0.0b + 0.01 - - 0.00
orange | O.3't 0.1 0.7 + 0.2 - 0.04 + 0.01 0.6 + 0.2 b b
" 0.4 % 0.1 0.7% | b b

0.2 0.07 + 0.02 0.5 + 0.1

» All data are given in percent. A1l specimens were analyzed for Co, As, Rb, and Sb. These elements
lay below the limits of detection, which were 0.05% Co, 0.03% As, O. Ol% Kb, and 0.005% Sb. The Pb
cortent in the two orange specimens was too high to allow detection of As and Rb 1n small amounts.
Al]l -samples -consisted of single beads.

be content too high to allow detection of smallamounts of this element.

Ll



 Table 1b. concluded
Co 1‘?1‘ . ,' Sn Ba, Pb Shape Provenire'nce No. c. }
black < 0.005 0.06 + 0.01 0.02 cyl. A3, No. 49 midden 4561
" n0.005  0.06 £ 0.01 0.02 obl. " "o
" 0.015 + 0.005  0.05 + 0.01 0.03 " " "
" "N 0.008 0.06 * 0.01 0.02 - " weo
] " 0.006 0.05 * 0:01 0.02 ". . Test 1, layer 14 58413
" n 0,006 0.05 + 0.01 0.02 eyl. SLE
" - " 0.005 0.06 + 0.01 0.02 - _obl. Test l,»iayer 12 58390
" 0.010 # 0.003 0.05 + 0.01 ©0.02 eyl. R R "
blue-green 0.8 * 0.1 0.06 + 0.01 0.9 + 0.2 " est 1, layer 10 58356
oo 0.9 0.1 0.06 * 0.01 0.9 * 0.2 obl. o "
orange. = 2.1 % 1.3 0.06ii_0.01 10, 2. " L ﬁ
"o 1.4 +0.2 0.06 + 0.01 6.5 £ 1.0 eyl. - " "

Accessmn number in the Na.tlonal Museun of Rhodesia.

The first four beads were recovered in the '

excavetions of 1929 (Caton-Thompson 1931), and the others were recovered in the excavations of
1958 (Summers, Roblnson and Whitty 1961) :

-gL-



Table lc. Glass Beads from Zimbabwe, Renders Ruins:

X-ray Fluorescence Analysisa

Color Mn : "Fe - Cu u_ﬁ " 7n a ‘sf_ - 7r
black - . 0.05% 0.02 0.8%0.2 0.13 * 0.03 0.01 0.05 + 0.01 0.01
green f <ol 0;7 * 0.2 0.6 *o0.1  <0.01 © 0.05 +0.01 . .0.01
orenge 0.5 o};_x_' 1@0.1‘6,2 © 0.0k 045t o020 b "i L b '
yeiiow | 0. 8 % o.2f’ ﬁ'o 9 * 0.2 - o.b3e © 0.07 ¢ 0.02 b - SR
cobalt’ blue 0. . 05 t:0,02‘ 1. 1 +0.2 . 0.04 % 6.01 | 1 0.01 0.0kt o,oi -'_eg 0.01

All data are given in percent The cobalt blue specimens contained 0. 07 0. 02% Co and 0. 06 0. 02%
As. 'All other specimens contalned less than the limit of detection of 0. 05% .Co. The black specimen -
contained less than the limit of detection of O, 03% As. For the green, orange, and yellow specimens
the Pb content was too high to determine the As content., All specimens contained less than the llmit
of detection of 0.01% Rb. All samplées consisted of several beads. : . :

EPb content too high to allow'detection of small amounts of_this'element.



‘Table le. concluded
Color Sn Sb . Ba Pb. "Provenience
"black 0.07 + 0.02 <0.01 0.05 + 0.01  0.09 % 0.03  No. 59/kk,22 ) -
green 0.8 ¢ o.»e 5»0,01_- o.’o6 + Q.01 ‘0.8 + 0.2 No. '59/141;,3 : van
orange 1.3 0.2 <0.01 10,06 ¢ 0.01 8.8 t1.2 Mo 59/Lk,18 } Riet Lowe
yellow 0.9 ¢ 0.2 _<b:_01 0.06 + 0.01 6.5 %1.0 No. 59/lk,1h B °°11e°“°nc
cobalt blue 0.02 £ 0.01  <0.01 0.05 + 0.01 0.03  No. 59/bk,20 )

Spec1mens donatnd by Goodall to the van Riet Lowe bead collection l9hh
Department of Archaeology, University of the Witwatersrand.

The collection is in the

—09 -
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" Table 2?,: Mapungubwe Oblates: _Néutrdn

- Activation Analysis

a,b

- MAP-18

0.13

417

Sample ‘Color AL (%) Mn®
. MAP-16 = blue-green = 2.87 + 0.71 411 # 23
. MAP-21 e 3.97 + 0.31 439 ¢+ 16
MAP-19 " 3.39 ¢+ 0.23 423 + 15
MAP-17 S 2.73 + 1.01 417 + 24
MAP-20 o 2.53 + 0.70 371 +194
MAP-27  green 3,12 + 0.26 418 %122
‘MAP-28 . " 2.84 + 0.41 379 =144
MAP-25 - orange  2.49 +0.18 3,352 £129
CMAP-26 " 2,14 +0.23 3,165 124
MAP~-23 yellow -  3.39 + 0.40 2,383 ¢ 46
MAP-24 e 3.93 + 0.61 2,169 ¢ 43
MAP-11  black 3.55 + 0.28 387 & 16
MAP-13 "o 3.54 + 0.26 535 &+ 27
- MAP-10 - wo . 2.91 : 0.16 388 & 13
MAP-12 e 2780 + 0.39 484 + 19
- MAP-14 " 3.28 + 0.31 498 32
‘MAP-15 " 4.59 £ 0.52 408 t 32
Mean and RMSD®  3.18 t 0.62 428 + 50°
blue-green  2.76 t 15




Table 2a. continued

No (#)

11

MAP-18 bl-gr

6,985 + 152

Sample Color Cubfc U

-16 bl-gr  13.16+ 0.12 6,123 * 152 1.35 &+ 0.10
-21 "o 13.64 + 0.13 7,351 + 177 1.00 + 0.11
-19 o 13.31 + 0.13 7,345 ¢+ 180 0.85 + 0.11
-17 " 12.79+ 0.12 6,699 + 148 0.70 : 0.09
-20 oo 12.70 + 0.14 5,993 + 213 0.80 : 0.14
-27 green  9.80 + 0.10 8,644 + 172 0.69 + 0.11
-28 no 9.67 + 0.10 8,659 % 192 0.81 % 0.12
-25 = orange 11.28 + 0.12 b .~ 0.88 : 0.
-26 " 10.64 £ 0.11 b 0.64 + 0.11
=23 yellow 12.47 + 0.12 b 0.40 * 0.06
-24 "o 12,41 % 0.12 b 0.79 + 0.09
-11 black  13.03% + 0.11 b 0.86 *+ 0.06
-13 " 11.66 + 0.11 b 0.77 *+ 0.07
~10 " 12.78 + 0.11 b 0.47 * 0.04
-12 " 12.78 & 0.11 b .0.85 * 0.06
-14 " 12.39 + 0.13 b 1.05 * 0.16
-15 " 12.26 + 0.13 b 1.00 + 0.11

Mean and RMSD  12.16 * 1.17 - 1 0.82 £ 0.22

12.95 + 0.12 1.69 £ 0.07




TableFZa; continued

‘bl-gr_'

- 170

Samvole Color Euf_ Ba Sm

-16 =~ bl-gr ~ 0.455 + 0.073 517 + 38 1.518 : 0.028
-21 " . 0.533 + 0.080 457 + 41 = 1.542 % 0.032
-19 ﬁ . 0.644 + 0.081 498 + 41 1.508 : 0.032
-17 " 0.411 + 0.068 400 + 35 1.459 + 0.026
-20 " 0.240 £ 0.090 371 : 48  1.590 = 0.040
~27  green  0:404 x+ 0.070 353 s+ 36 1.379 2 0.030
-28 " 0.496 + 0.080 502 :+ 42 1.438 + 0.034
-25  orange 0.250 % 0.074 471 + 39  1.307 & 0.032
-26 " 0.273 &+ 0.069 426 x 36  1.233 + 0.030
-23 yellow - 0.288 + 0.042 283 + 22 0.794 + 0.018
-24 oo 0.512 + 0.060 478 + 31  1.453 & 0.025
-11 black  0.315 + 0.041 320 x 22 1.231 : 0.017
-13 " 0.363 + 0.052 317 + 26 1.158 & 0.022
-10 E 10.372 & 0.032 297 + 16  1.047 2 0.012
-12 " 0.419 : 0.043 302 + 22 1.396 : 0.018
-14 "  0.461 + 0.053 340 + 31  1.746 + 0.058
=15 " 1 0.580 &+ 0.074 515 + 40 1.812 + 0.033
Mesn and RMSD ~  0.461 + 0.132 403 + 85  1.389  0.249
-18 0.877 + 0.061 £ 24  3.661 *0.027




Téble 2a. continued

.

(@]
[o) .

Fe (%)

.08

2.46

Sample Color Sc
-16 bl-gr  '3.85 * 0.72 3.67 * 0.07 1.04 + 0.08
=21 " 4.86 * 0.48 3.67 t 0.05 1.05 * 0.06
-19 " © 5.05 £ 0.52 3.72 * 0.05 1.02 * 0.06
.17 " 3.88 * 0.52 3.42 * 0.05 0.84 * 0.06
-20 " 3.24 £ 0.77 3.74 *+ 0.07 0.98 * 0.09
~-27 green 5.53 * 0.46 3.33 + 0.G4 0.95 * 0.05
-28 " 4.37 * 0.72  3.38 + 0.06 0.85 * 0.08
-25 orange  4.51 * 0.45 2.84 * 0.07 0.82 * 0.05
-26 m '5.81 % 0.52 2.89 * 0.08 0.70 * 0.06
-23 yellow 3.31 % 0.27 1.89 * 0.03 0.61 * 0.03
-24 " 4,94 * 0.37 3.61 * 0.05 1.03 * 0.05
-11 black 3.5%3 £ 0.19 2.78 * 0.04 0.74 * 0.03
-13 n 5.19 + 0.34 2.89 + 0.05 0.70 * 0.04
-10 ] 2.98 * 0.15 2.40 * 0.03 0:.70 * 0.02
-12 " 3.87 £ 0.20 3.33 £ 0.04 0.72 * 0.03
-14 " 3,37 £ 0.34 3.88 * 0.07 0.93 * 0.05
-15 " 4.69 * 0.25 4.04 £ 0.05 0.94 * 0.03
Mean and RMSD ~ 4.29 + 0.86 3.26 * 0.57 0.86 *0.14
-18 blegr  79.67 * 1.18 7.59 O £0.06




~Table 2a. égnfinued'

Yo

-18 bl~-gr -

_Samole Color Ce Ta

- -16 bl-gr  17.0 + 2.0 1.45 £ 0.31 0.388 + 0.016
-21 " 20.0 + 1.4 1.69 + 0.21 0.378 : 0.010 -
-19 " 17.6 £ 1.5 1.26 : 0.22  0.371 % 0.011
-17 " 17.8 £+ 1.4 1.4% + 0.22 0.941 & 0.012
-20 oo 15.2 + 2.1 1.06 % 0.34 0.381 s 0.016
~27  green = 16.3 * 1.3  1.37 : 0.21 0.406 % 0.010
~28 om0 17.1 %+ 2.1 1.47 +0.32  0.381 : 0.015
-25 orange  14.4 + 1.7 1.00 % 0.25 0.444 & 0.012
-26 "o 15,9 £ 2.0 1.15 % 0.28 1.199 : 0.015
-23 . yellow 8.4 + 0.9 0.43 : 0.13 0.211 z 0.007
-24 " 17.3 + 1.3 1.15 £ 0.18 0.449 .+ 0.010
-11 - black  14.9 £ 0.7 0.73 % 0.10 0.329 % 0.007
-13 - " 15.4 + 1.1  0.82 % 0.16 0.313 & 0.011
-10 " 12.4 + 0.5 0.63 % 0.08 0.267 & 0.005
-12 " 15.1 + 0.7 1.00 % 0.11 0.867 x 0.008
-14 " 21.6 + 1.4 1.31 £ 0.20 0.569 : 0.014
-15 " 20.0 '+ 1.0 1.06 % 0.15 0.876  0.011
Mean and RMSD - 16.3 * 3.0 . 1.12 + 0.%3 0.52 + 0.28

3%.4 ¢+ 1.3 1.34 £0.20 2.159 # 0.013
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Table 23;  continued

b,c

‘Sample Color  Sb° . sn Cr

-16 bl-gr  111.7 + 5.8 7,040 +39 42,7 + 4.3

-21 "o 125.2 & 6.4 9,440 :32  41.0 + 3.0

-19 " 131.2 + 6.8 7,634 + 30 38.5 + 3.2

-17 " 113.8 + 5.7 6,441 +28  41.7 %+ 3.1

-20 " '200.8 +10.4 7,355 + 40 43.5 + 4.8

=27 green 167.5 + 8.5 10,740 & 32 34.9 + 2.9
-28 " 185.5 + 9.6 12,141 + 47  52.3 + 4.7

-25 orange 78.6 * 4.2 14,928 = 45 29.9 + 3.5

-26 " 73.5 + 4.0 14,806 + 49  30.6 + 4.0
~27% yellow  18.9 =+ 1.2 3,815 + 19  17.0 + 1.8

-24 " 40.9 + 2.3 .7,214 +29  37.1 1 2.6

-11 black 1.3 + 0.2 b 28.5 + 1.4

-13 " 5.1 + 0.5 b 33.4 + 2.2

-10 " 1.2 + 0.2 b 26.0 + 1.1

-12 ' 6.4 + 0.4 b 28.7 + 1.5

- -14 " 9.7 + 0.8 b 58.9 ¢+ 2.9
-15 B 4.1 + 0.4 b - 48.6-+ 2.0

Mean and RMSD | - - 37.3 +10.4

-18 = bl-gr 22.2 -+ 1.3 b 46.7 + 3.0
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- =18 bl-gr

' samsle Color Th HE Zn°

-16  bl-gr  7.91% 0.24 3.12 + 0.56 54 + 17
=21 " . .8.,02:% 0.16 2.50 + 0.37 59 + 11
-19 " 11.76.+ 0.18 2.35 + 0.39 70 + 13
-17 " © 10.77% 0.18 2.47 + 0.40 37+ 13
=20 " 9,96+ 0.26 2.34+ 0.58 66+ 18
=27  green  16.92+ 0.18 = 2.75 * 0.36 667 + 15
-28° "™ - 7.85% 0.24 3.65 t 0.57 809 * 24
-25 orange  8.49 % 0.19 2.40 + 0.46 7,167 * 46
-26 " 6,78t 0.21 1.48 ¢ 0.52 6,912 £ 51
-23  yellow  3.62: 0.10 1.28 ¢ 0.24 33 ¢ 7
-24 " 7.52 ¢ 0.15 2.49 + 0.35 40t 9
‘-11  black.  4.33+ 0.09  1.74 + 0.22 48t 5
-13 " 6.94+ 0.15 2.30 + 0.32 52¢ 9
-10 " 2.96 + 0.06 1.94% 0.17  35% 4

-12 " 6.47t 0.10 - 2.14 + 0.23 57+ 6.

~14 " 12.71% 0.21 2.29 + 0.42 63 % 10
-15 " 13.13+ 0.15 2.88 * 0.29 81t 8
Mean and EMSD . 8.60 £ 3.63 . 2.36 * 0.57 54 + 15°
8.07 + 0.16 3.84 % 344 * 17
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Table 2b. Besds from Bambandyanalo:

Neutron Activation Analysis

a,g

- BAM-S29b3 . "

4.39

Samole Color AL (%) Mn®
'BAM-S18a  black 2.90 + 0.74 387 & 28
. BAM-S18b - " 2.54 + 0.60 530 + 21

BAM-S18c = " 1.98 + 0.76 472 £ 19
'BAM-S21a . 2.52 £ 0.25 554 + 18

BAM-S21b " 3.73 + 0.63 581 : 23

BAM=~S29b1 purole 3.84 + 0.32 13,738 + 197

BAM-S29b2 " 4.25 +0.55 15,079 * 231

+ 0.93 14,074 % 411

Table 2c. Beads from Mjelele Valley Burial: W

Neutron Activation Analysis@/h

Samvle Color

AL (%)

Mnc

'MJE-15b  black

3.1% + 0.16

610_1

18




Tablé,Zb.' continuéd'--
S  Na 1C18 ,
~ Samole Color - Na (%) Cu U
-s18s black = 13.44  0.12 g 1.19 + 0.09
~ -s18b. " 13.17 £ 0.12° - g 1.11 % 0.07
~ -S18c " 13.52 & 0.12 g 0.62 + 0.06
- -S2la " 12.98 + 0.12. g 0.73 +.0.07
-s21p . " 12.96 + 0.12 g 0.63 + 0.08
' -529bl ourple 10.00 # 0.10 8 1.28 * 0.12
-529p2 " ©11.45 £ 0.12 g 1.29 * 0.13
=-S29%3 " © 10.76 + 0.13 g 1.53 * 0.16
Table 2c. continued
. Samplé"Color-.; Na (%) cu®h U
=156 black  12.06 * 0.05 h

©1.19 + 0.09




Table 2b. - continued

-390~ .

‘Sémole Color. ‘Euf Ba_‘ Smf
~S18a black = 0.465 t 0.043 ~ 375 * 24 1.746 + 0.029
-518b " 0.465 t 0.041 441 * 24 1.602 z 0.023
-S18c " 0.472 £ 0.032 - 462 * 19 1.464 + 0.018
-S21a " 0.421 * 0.040 423 * 23 1.522 + 0.022
-s521b " 0.498 * 0.045 451 * 25 1.571 & 0.027
-S29p1 ourvle 0.540 * 0.089 631 * 48 1.833 : 0.033
-S29b2 " 0.481 + 0.099 741 * 53 2.071 ¢ 0.039
- ~529b3 " 0.312 + 0.116 602 * 62 2.161 *+ 0.046
Table 2c. continued
Samnle Color Euf Ba Smf

-15b  black  0.284 + 0.126 432 t 48 1.459 * 0.020
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Samvle _‘Cb Fe (%)

- -518a 4.42 £0.26 4.08 £ 0.05 1.10 * 0.04
-s18b . 3.65 +0.13 3.86 + 0.03 0.86 % 0.02
-518c 4.66 +0.18  3.42 * 0.03 0.83 %0
~§21a '8.92 £0.30 3.67 *.0.04 0.83 *0.03
- =S21b ~11.49 +£0.37  3.64 * 0.05 1.10 *0.04
-S29p1 14.26 +0.57 4.49 *0.07  1.12 *0.05
~S29b2 15.35 $0.67 5.18 +0.09  1.25 * 0.06
-529b3 '12.18 £0.70 5.32 *0.10 1.30 *0.07
Table 20}‘_continQed
Samole Color Co Se  Fe (%)

-15b

8.53 +0.30

3.48 $0.04 1.01

0.03
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Table 2bt. continued'

Samole Color ~ Ce Yo . Ta

-S18a  bleck  19.0 + 1.1 1.12 + 0.11 0.859 # 0.012
~518b " . 19,0 £ 0.5 . 1.00 * 0.05 0.471 * 0.005
-S18c. " 16.9 + 0.6 0.8l *0.06 . 0.378 * 0.006
-521a " 18.2 £0.8 0.89 *0.08 0.605 * 0.008
~-S21b " 16.4 + 0.9 1.12 £0.09 - 0.717 * 0.009
-S29b1 ourple 22.4 * 1.5 1.22 t 0.22 0.688 * 0.015
-S29b2 " 27.7 + 1.8 1.63 £ 0.26 0.807 * 0.018
-529b3 " 29.8 + 2.2 2.25 *+0.31 1.211 %0.023
Table Qc- continued

Samvole .Color Ce .Yb : Té

. =15b black 17.0 £ 0.9 "0.71 ¢ 0.08 0.357 * 0.008
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"Table 2b;« continﬁed

Sample. Color'. f- ‘Sbc Snc’g Cr
-S18a  black - 3.0 : 0.3 g 259.3 + 3.8
-518b - " 1.2 + 0.1 g 37.5+ 1.1
-S18¢c. " 1.6 + 0.1 g 33.2 ¢+ 1.3
-52la " 3.6 + 0.3 g 39.8 % 1.7
-s21b " . 8.0+ 0.5 g 42.8 + 1.9
-529b1 purple - 12.7 + 1.0 1,849 :21  45.1% 2.9
-s29»2 - " 13.7 + 1.1 1,977 +26  60.4 * 3.5
- =829p3 " 16.9 ¢ 1.4 2,130 + 31 76.7 % 4.2
Table 2c. coﬁtinued

Samrle Color sb sa ~cr

4

-15b  black” . 7.1 % 0.5 . h  34.8 2.2
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" Table 2b. _con¢1udéd-‘ 
Samule Color - Th HE znc
-S18a  black = 12.15 & 0.15 3.29 + 0.33 72 + 8
-5S18b " 6.90 + 0.07 2.46 *.0.16 45 + 4
-S18¢c " 4.41 + 0.07 2.23 +0.19 48 & 5
~S21la " 8.39 + 0.11° 2.50 + 0.24 48 + T
 -S521b " 8.50 + 0.12 2.85 * 0.28 51 + 8
-529b1 purnle 21.12 +0.24 3.54 *0.43 343 * 16
© =§29b2 " 29.15 + 0.31  3.12 *0.52 335 + 19
- =-829p3 " 35.01 *+ 0.39 ' 3.54 +0.61 349 ¢
Table 2c. concluded
Sample ~Color. Th Hf Zn
-15b  black 1.92 +0.10 . 2.40 ¢ 58 *
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Notes to Table 2

A1l results are given in parts per million unless otherwise indicated.

Imprecisely—détermined elements (defined in Chapter 3) are excluded

from this Table. The following are imprecisely-determined elements

for which a mean'concentration (with root mean square deviation) could

be determined for the Mapungubwe Chemical‘Group:' Ca, 8.05 + 3.14%;

€1, 1.132 * 0.407%; Dy, 7.13 # 5.87 ppm; Ag, for blue-green, 4.6 * 2.5
ppm, for green, 23.0 * 0;7 ppm, for orange, 10.6 + 2.1 ppm, for yellow,

7.0 £ 2.3 ppm; Tb, 0.22 % O. lO ppm; Cs, 0.62 * 0.26 ppm; La, 6.32

+ 3.15 ppm; Lu, 0.10 * 0.04 ppm; As, T73.7 * T1.8 ppm; N4, h 3 % 3.3 ppm;

M '3.1 +2.5 ppm;-Ho 0u9 0.5 ppm The follow1ng are imprecisely-

determlned elements for which approx1mate upper limits of abundance

for the Mapungubwe Chemlcal Group could be estlmated The approximate

upper limit is given with an‘estlmated-representatlve counting error:

Sn, where not.uéed as an additive, QOO.i 15 ppm; Cu, where not used as
an additive,_6oo £ 200 ppm; Mg, 3.0  3.08; V, 50 * 50 ppm; K, 2.0

+ 1.0%; Sr, 0. Oh tZO.Oﬁ%; Ga, 300 * 200 ppm; In, 5% 5 ppm; Ag, for
black, O T+ 3_ppm; Ir, 0.020 = 0.010 ppm; Hg,vassuming hone is lost

in the reactor,'O;h + 0.6 ppm; Ni, 50 + 20 ppm; Rb, 60 + 20 ppm; and

W, 4.0 ¢ h.O‘ppm.v A cobalt blﬁe bead was analyzed by neutron activa-

btion3 bw its tiny:wéight (L.8 mg) does not allow confidence in all the

results. However, the upper limits of concentration of the following
elements of possible interest are: Na, 11.3 * 0.1%; Mn, 434 * Sh ppm;
Cu, ~400 ppm; K, 4.1 + 1.7%; As, 2558 + 364 ppm; U, 1.7 *.0.3 ppm;

Co, 2134 + 22 ppm; Sc, 5.2 + 0.4 ppm; Fe, 1.6 + 0.2 ppm; Sb, 9 * 2 ppm;
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Sn, < 200 pra. Bbvwasfdetermined by X~-ray fluorescence analyéis on |

grouped samples of'oblate.éhaped beads from Mapunguﬁwe; Skeleton 1k,

with the foliowipg results: black, 0.02%; blue-green, 0.1 to 1.0%;

green, 6.7 +1.0%; orange, 10.0 * 2.0%; yellow, 6.3 % l,O%i'cdbalﬁ

blue, <0.1%.

“Glassmakérfs additive, or an §lement pdssibly corielated with a glass=

- maker's additive. Such elements are used in comvarisons where appro-

pfiate,

Root mean square deviation (see Chapter 3). .

‘A base-line mean, calculated from the s?eéimens in which this glass—_:

maker's additive is apparently not in use.
Element omitted from_comparisonsito avoid over-representation from the
lanthanide series.

Imprecisely—determined elements are excluded from this Table. For the

~three purple beads, elements for which a méan concentration could be

determined are (with root mean square deviatién):‘ Ca, 3.62 % 3.62%;
Cl, 0.7k * 0.19%; Dy, Lbk.52 % 17.57 ppm; Tb, 0.30 * 0.06 ppm; Cs,

1.73 + 0.67 ppm; La, 11.11 * 0.94 ppm;”Lﬁ,‘O.Zh't 0.05 ppm; N4, 9.3'_
+ 1.4 ppm; Mo, 22.57 + 10.16 ppﬁ; Ho, 2.13 + 1.72 ppm.. For fhe three
purple beads,‘elements_for whigh approXimate'ubpéf liﬁits'of‘abundance"
could be determined are (with ah estimated_represéntative Eoﬁnfing
error): Cu, 350 * 230 ppm; Mg, 5.0 ¢ 5.0%; V, 100 + 150 ppm; K, k.0

+ 1.5%; Sr, 0.0k + 0.0h,ppﬁ; Ga, 300 * 150 ppm; As, 100 * 90 ppm; Ag,
32 ppm§ Ir, 0;005 + 0.010 ppm; Hg, asSumihg none is lost in the

reactor, 0.5 + 0.8 ppm; Ni, 70 + 35 ppm; Rb, 40 + 20 ppm; and W, 12

+ h ppm. Pb was determined by X-ray fluorescence analysis on grouped




=97~

purple samples, with the result 0.5 * 0.1%. For the five black beads,

elements for which‘a mean concentration couldvbe detefmined are (with
root mean square Aeviatioh): Ca, T7.03 * 2.70%; C1, 1.06 + 0.24%; Dy,
3.52.1_0.93'p§m; Tb,-o.21_i'0.02 ppm;-cS,'o;Bo‘t'o.lz ppm; La, 8.95_

+ 1.09 ppm; Lﬁ,10.112 + 0.029 ppm; N4, 6.1 + 2.9 ppm; Mo, 4.90 + 2.33 -
ppm;.Hb, lf09 + 0.29 ppm. For the five black béads, elements'for which
apprﬁximaté upper limits'éf aﬁuhdénée could be determined are (wiﬁh an
estimated ¥epresentative counting errér):. Cu, 400 % 150 ppm; Sn, -

180 + 20 ppm; Mg, 5.0 * 3.0%; V, 30 + 60 ppm; K, 2.5 + 1.0%; Sr, 600

"+ 600 ppm; Ga, 250 * 100 ppm; As, 70 % 70 ppm;_Ag; 1.0 + 1.0 ppm; Ir,

d.OlO + 0.006 ppm;. Hg, assuming none ié lost in the reactor, 0.0l

+ 0.40 ppm; Ni, 30 # 20>ppm; Rb, 40 * 15 ppm; and W, 1.2 * 4.0 ppm.

Pb was deterﬁined by X-ray fluorescence on grouped black samples, with
the result S-0.0h%. ‘

For MJE-15b, the‘imérecisely—determined.resﬁlts, with counting errors,
are: Ca, 8.95 * 1.64%; C1, 0.81 + 0.22%; Dy, 3.42 + 0.61 ppm; Tb,
0.17 + 0.05 ppm; Cs, 1.0 + 0.2 ppm; La, 5.1 * 1.8 ppm; ILu, 0.095 s 0.055
ppm; Nd, 5.2 + 6.2 ppm; Mo, 2.8 t_l.S ppm; Ho, 1.3 t'O.S ppm. Elements
for which upper limits can be stated are: Cu < 600 ppm; Sn, 5hOO ppm;
Mg, < 3%; V, < 70 ppm; K, < 4%; Sr, < 700 ppm; Ga, < 200 ppm; As,

< 6 ppm; Ag, < 1 ppm; Ir, < 0.007 ppm; Hg, assuming none is lost in the
reacfor,vg 0.7 ppm; Ni, < 35 ppmg Rb, < 40 ppm;»W, < 2. ppm; Pb, as

determined by X-ray fluorescence of grouped samples, 0.03%.



Table 3a.

Beads of M1 Type:

X~-ray Fluorescence Analysis 2
o Fe Cu 7n Rb Sr 3 sn s Ba  Pb U
1. 1.0 + 0.2 0.49 £ 0.06  <0.01 0.01 0.03 0.06 + 0.01 0.019 * 0.00k 0.002 o.os_f 0.01 0.05 b
2. 0.8+0.2 0.62%0.07 <0.01 0.0l  0.03  0.06 £ 0.0L 0.021 + 0,00k 0.004 0.06 * 0.0L  0.05 b
3. 0.9 0.2 0.b2 £0.05 <0.01 0.0l  0.02  0.05 * 0.01 0.033 * 0.006 0.003 0.06 * 0.01 0.10 % 0. 03
b, 0.8 + 0.2 0.23 * 0.0k <0.01 0.01L  0.02 0.06 0.0L 0.026 + 0. 005 0.002  0.06 tjo;01 0. 06 b
5. 0.8 %0.2 0.26%0.0b <0.01 0.0l 0.02 -~ 0.03 %0.0L 0.07 #0.02 ~0.00k 0:06 * 0.0L 0.06 * 0.02 b
6. ©.7+0.2 0.5 +0.1  <0.01  0.01  0.02  0.03 £0.01 0.018 + 0.004 "0.004 0.06 + 0.01  0.03 b
T 0.7 #+0.2 0.16 * 0.0k 0.03 "0.01  0.02 0.0 % 0.01 0.022 + 0.005 <0.005 0.07 * 0.02 0.09 * 0.03 ¢
8. 0.9 £ 0.2 0.37 £ 0.07 0.03 <0.01  0.02 0.02 0.06 + 0.01  <0.005 0.0k * 0.01 0.17 * 0.04 ¢
. - 1
\O

®Elements not detected (with limit of detection):

bNot detected.
tration in beads of

Mn (0.1 ); Co

(0.05); As (0.03). A1l data

Many of these samples were analyzed by neutron activation analy31s (Table 4).

type analyzed by neutron activation was 34 ppm.

of U detection by the X—ray fluorescence method used.

Detected.

are given in percent.

The mean U concen- .

This amount is near the expected threshold '



Table 3b. Identification of Samples

Number of Beads

Provgpience in Sample Shapes
1. Bambandyanalo, K.S. No. L5 (Block 3, sfripfh)_' 6 cyl.
2. " " : " ' 5 oo
3. " f'.b o ' " o cyl. and obl.
k. " B o eyl.
5. " _KlS.-No;‘hB o " 29 obl.
6. " " " : h cyl.
7. Zimbabwe Acropolis, T. IX, below 24" (MMR 58705) 1 "
8. " " " 1 I
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" Table 4a. My ‘Bea}d‘_sz- 'N_eutron Activation Analysi's'a-’b._'_
Samole AL (%) cl (%) Mn
BAM-S43a 4.24 £ 0.21 0.75: 0.17 256 + 16
BAM-S43b 4.95 + 0.38 0.78  0.20 279 * 26 -
BAM-S43c 3.93 + 0.52 0.97 + 0.20 267t 27
BAM-S43d 5.53 +.0.39 0.82 + 0.22 262 t 22
BAM-S43e 4.45 + 0.20  0.50 * 0.18 263 + 21
BAM=S43f 4.94 + 0.57 0.65 t 0.24 262 * 26
BAM-S43g 3.82.+ 0.31 0.89 * 0.25 263 *+ 16 -
BAM-S43h 4.50 + 0.49 0.66 * 0.23 239 £ 15
BAM-S431 ©3.77 + 0.66 0.70 *+ 0.24 254 * 16

. BAM-S43j 4.25 * 1.23 0.53 % 0.29 253 + 21
BAM-S43k 4.22 + 0.27 0.33 % 0.31 251 * 22

- BAM-S431 1 4.20 +0.21° 0.41 % 0.24 229 * 17
BAM~-S43m 4.09 t 0.41 0.44 % 0.31 242 * 23
BAM-S43n 3.89 *+ 0.54 0.22 * 0.29 168 * 23
BAM-S43n 5.82 £ 0.88 0.79 * 0.35 475 * 29
BAM-S43q 3.39 + 0.31 0.66 * 0.21 242 * 12
BAM-5452 5.04 * 0.25 .0.66 * 0.23 279 t 22
BAM-545b '5.76 + 0.31 0.71% 0.22 332 t 22
BAM-S45¢ 4.73 + 0.25 0.68 * 0.18 324 * 21

- BAM-S454d 4.09 * 0.26  0.64 * 0.26 224 * 18
BAM-S4b 0 1.22 t 0.34 0.68 * 0.27 = 285 * 03
BAM-S457 3.61 + 0.38 1.70 * C.24 485 * 21
BAM=-S45¢ 4.68 + 0.61 0.97 * 0.30 323 * 26
BAM=-S45h 3.23 ¢ 0.95  1.12 * 0.32 336 * 34
BAM-S451 4.59 + 0.33 0.38 * 0.26 219 * 27
BAM-S45 ) 3.92 t 0.46 0.88 * 0.30 258 t 32
BLtM-S45k 1 4.82 * 0.43 1.08 ¥ 0.23 394 % 26
BAM-5451 3.31 % 0.65 0.65 * 0.26 319 * 30
 BAM-S45m 4.45 * 0,89  1.22 * 0.25 384 * 33
Mean and RMsD® £+ 0.67 0.74 * 0.30 £89 *72
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Table 4a. continued
Sample CNa (%) cu® U
-543a ©14.58 +0.13 3,245 % 135  16.47 * 0.18
-S43b - 14.89 +0.14 3,073 * 156  19.62 * 0.22
-S43c ©14.76 +0.14 3,355 ¢ 155 = 19.14 : 0.21 .
-s43¢  15.15 £0.15 3,742 * 172  16.50 * 0.21
_S43e 14.76 +0.14 3,338 * 151 = 17.79 * 0.20
| -S43f . 15.41 +0.15 3,724 + 187 19.56 * 0.25
- -S43g 14.61 +0.14 3,392 * 170  21.33 * 0.24
-543h  14.85 £ 0.14 3,426 * 153  20.22 * 0.21
-5431 14.76 +£0.13 3,470 * 150  20.48 * 0.21
=S43j 14.54 +0.14 3,298 *t 182  19.60 * 0.24
~S43% 14.78 £0.15 3,271 * 203  18.63 * 0.26
- -S431 14.85 +0.14 . 3,098 * 154  19.81 * 0.21
~S43m 15.02° £0.15 3,784 * 198  18.70 * 0.25
~S43n 11.69 $0.12 9,297 * 218  26.04 * 0.30
- -S43p 14.56 +0.15 6,873 .t 237  24.30 *0.31
~S43q. 13.71 +0.12 5,581 + 148 = 25.11 * 0.23
 ~545a 14.52 +0.15 4,631 * 192  67.19 * 0.55
-S45b 13.42 + 0,13 5,568 * 184  23.53 *0.27
~S45¢. 12.99 +0.12 5,023 * 149 = 21.97 * 0.22
-545d 14.09 +0.14 5,110 * 184 41.19 * 0.36
~-S45e 12.97 +0.13 8,169 * 209 33,40 *0.33
-S45f 11.27 +0.11 4,807 * 172 122.74 *0.80
-S45g 13.56 +0.14 9,848 * 226  27.96 *0.31
~545h 13.24 50,34 9,570 * 245  27.0% 0,733
-8451 12.54 £0.13 . 6,905 * 201 23%.23% *0.28
-545 ] C14.24 $0.15 7,127 * 224  23.84 *0.29
-S45k - 11.70 x0.12 3,179 * 156 84.85 *0.58
-5451 11.46 +0.12 2,791 * 172  82.24 *0.59
-545m 11.60 +0.12 2,875 + 169 84.65 *0.60
Mean, RMSD  13.81 $1.27 4,862 £2,168  34.04 426.83
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Table 4a. _continued‘

w2 .
oll.

BT 3

Samnle Co o
-S43a 4.246 * 0.048 4.40 £+ 0.30  3.59 % 0.05
=343b 4.266 t 0.059 5.34 '+ 0.32 3.85 + 0.05
-S43c 4.300 *0.058  4.41 £ 0.30 3.69 + 0.05
-5434 4.458 * 0.059  4.98 + 0.40 3.89 # 0.06
-S43e 4.457 + 0.055  5.34 + 0.32  3.71 : 0.05
_843f - 4.288 t 0.067 5.58 £ 0.44  4.11 & 0.07
-343g 4.196 * 0.054  5.17 + 0.40 3.82 + 0.06
 ~S43h 4.276 + 0.049 - 5.37 + 0.35 3.76 t 0.05
- -S43i 4.122 + 0.048  5.45 % 0.36 3.72 * 0.05
-5435. 1 4.388 +0.055  5.60 + 0.38 3.98 t 0.06
-S43k 4.407 + 0.060 5.49 + 0.49 - 4.00 + 0,08
-3431 4.200 + 0.049 5.44 + 0.32 ° 3.80 £ 0.05
-S43m 4.605 + 0.059  5.70 ¢+ 0.46 3.93 + 0.07
~S43n 6.393 + 0.072 13.82 + 0.63 4.12 t 0.07
-S43p 3.937 + 0.068  6.38 + 0.61 4.22 * 0.09
-S43q 3.902 '+ 0.050  4.95 + 0.32 3.71 + 0.05
-S45a 5.870 t 0.140 6.34 + 0.44 5.70 * 0.07
-545b 2.951 + 0.068 .- 5.08 + 0.38 6.32 * 0.08
~545¢ 2.839 + 0.057  4.65 * 0.29 5.94 * 0.06
-5454 2.719 + 0.076  6.07 + 0.49 4.84 * 0.07
~-S45e 4.025 + 0.071  8.34 + 0.59 ~ 4.83 % 0.09
-S45¢F 3.892 + 0.178 6.69 + 0.55 4.32 t 0.07
-S45g 4.647 £ 0.068 7.28 + 0.58 4.82 #0.08
-345h 4.507 + 0.072 7-26 + 0.60 5.13 +0.08
-S45i 7.786 : 0.068 18.02 + 0.64 3.53 +0.06
~S45 6.240 £0.068 . 4.56 + 0.39 . 4.21 *0.07
-545% 4.055 £ 0.08  7.07 + 0.35 4.70 *0.05
-5451 4.338 +0.129  7.59 + 0.38 4.78 *0.06
-S45m 4.103 +0.131 8.03 + 0.44 4.90° *0.06
Mean, RMSD  4.43 1.03 6.57 + 2.86 4.34 ,0.73
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T Fe I3

Samole - Yb Ta
-S43a 0.89 * 0.04 1.40 + 0.12 0.47 + 0.01
-S43b 1.0%3 *+ 0.04 1.55 + 0.13 0.46 + 0.01
-S43c 1.05 * 0.04 1.39 £ 0.12 0.38  0.01
-S43d 0.90 * 0.05 1.49 * 0.17 0.44 + 0.02
-S43e 0.97 * 0.04 1.42 % 0.12 0.37 + 0.01
~S43f 1.04 £ 0.05 1.42 *+ 0.17 0.44 * 0.02
-S43g 1.16 * 0.05 1.57 *+ 0.15 0.56  0.02
 -S43h '1.04 t 0.04 1.76 + 0.13 = 0.43 + 0.01
-S431 0.95 * 0.04 1.55 * 0.13 0.41 = 0.01
=543 1.03 * 0.04 1.4% * 0.14 0.45 * 0.02
-S43k 1.01 % 0.06 1.33 * 0.19 0.43 * 0.02
-S431 ©1.00°% 0.04 1.45 t 0.12 0.40 * 0.01
 -S43m 1.03 * 0.05 1.25 + 0.18 0.49 * 0.02
-S43n 1.07 * 0.05 1.66 * 0.19 0.44 * 0.02
-S430 1.15 * 0.07 1.48 * 0.23 0.46 * 0.02
-S43q 0.93 £ 0.04 1.72 + 0.12  0.42 * 0.01
-S45a 1.09 £ 0.05 2.53 # 0.19 0.74 * 0.02
~ -545b . 1.14 * 0,05 1.69 t 0.18 0.78 * 0.02
-s45c ©0.99°t 0.04 1.18 £ 0.13 0.72 * 0.01
. -5454 1.11 # 0.06 1.25 * 0.18 0.63 * 0.02
-S45e 1.56 * 0.07 1.54 % 0.21 0.63 £ 0.02
 -s45¢ 0.96 + 0.06 1.26 * 0.19 0.57 * 0.02
-S45¢ 1.29 ¢+ 0.07 2.03 % 0.22 0.66 * 0.02
~545h ©1.16 £ 0.07 1.70 + 0,22 0.61 * 0.02
-545i 0.76 * 0.05 2.77 *0.18 0.57 *.0.02
-545j 0.93 * 0.05  2.48 *0.20 0.80 * 0.02
~$45k | 1.16 # 0.04 1.61 *0.13 0.56 * 0.01
5451 1.10 * 0.04 2.64 *0.16 1.48 * 0.02
-S45m 1.18 * 0.05 1.74 *#0.16 0.62 % 0.02
Mean, RMSD  1.06 *0.15 1.67 % 0.43 0.57 # 0.22
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Table 4a. continued

Samvle Sb .  Sn

Th

~-543a 16.7 0.9 431 + 19 38.18 & 0.30 -
-S43 © 18.6 t 1.1 439 : 20 36.76 + 0.31
-S43%c 18.0 * 1.0 436 * 19 37.03 + 0.31
~-S434 19.2 * 1.2 493 + 26 40.48 t 0.39
-S4%e 18.2 + 1.0 485 + 20 38.48 % 0.32
-S43f 18.0 * 1.2 435 + 27 38.74 t 0.39
-s43g  21.0 £ 1.4 480 : 16 31.17 ¢ 0.30
-S43h 20,0 * 1.3 479 + 14 30.49 t 0.27
-S431 - 28.9 1.7 485 + 14 28.83 t 0.26
-S43 . 22.4 t1.4 489 + 15 29.74 t 0.28
-S43k 22.0 * 1.6 477 + 21 29.11 *+ 0.34
-S431 21.2 *+ 1.3 461 + 13 31.18 t 0.25
-S43m 20.5 * 1.4 490 * 20  32.93 + 0.34
-S43n 18.3 * 1.4 99 + 21 44.55 t 0.41
-S43p 30.0 £+ 2.1 133 + 25 28.27 * 0.39
-S43q 17.6 * 1.1 76 + 12  24.78 + 0.23
-S45a - © 22.8 1.4 297 + 30 70.35 £ 0.54
~S450 15.6 + 1.0 . 145 + 25 49.86 t 0.44
-S45¢ 16.6 + 0.9 174 + 19 44,92 + 0.35
-S454 29.0 + 1.9 399 + 18 18,20 t 0.29
-345e 18.6 * 1.4 208 + 22 20.62 * 0.34
-S45F 22.7 + 1.6 255 :+ 20 24.02 * 0.33
-545g 35.9 + 2.3 190 +.22 29.68 * 0.37
-S45h 33.0 + 2.2 168 + 23 ©27.10 * 0.37
~5451 26.6 * 1.7 334 + 19 31.82 % 0.3_3
-S45 ] 6.2 *0.8 163 * 94 23.67 * 0.32
~S45% 21.1 *+1.3 250 + 13 21.98 * 0.23
-S451 11.5 + 0.8 116 + 16 16.96 * 0.24
-S45m 19.5 % 1.3  25G * 16 22.69 * 0.27
Mesn, RMSD  21.1 322 +149  32.5 + 10.9

4=
O
O
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Table 4a.  concluded i

€

-
-y

=

~ Samnle o
-S43a 0.446 *0.081 11.103: 0.42 119+ 9
-543b 0.545 *0.082 10.326 + 0.45 124+ 9
-S43c . 0.611 * 0,080 10.77: 0.45 117t 9

. -543d 0.540 * 0.107  12.07+ 0.56 118 ¢ 12
-S43e 0.544 *0.081  9.54: 0.43 9T+ 9

| -543f 0.401 * 0.111 10.31: 0.56 102 * 13
-s43g 0.506 *0.099  9.64 + 0.49 122 * 11
-343h  0.376 *0.087 12.50% 0.50 126 * 10

- =5431 ©.0.251 *0.084 10.94 + 0.46 108 £ 10
-84% 0.410 *0.092 11.65+ 0.51 107 + 11
-543% 0.493 *0.116 10.62 ¢ 0.60 92 * 14

- ~5431 0.395 +0.078  9.46 + 0.41 105t 9
-S43m 10.179 *0.113 12.11+ 0.58 121 * 13
=$43n 0.763 * 0.124 12,22 + 0.60 42 * 13
~5430 0.394 * 0.1%7 7.46 £ 0.64 133 * 17

-843q 0.570 +0.077  7.42 & 0.39 38t 8

-S452  0.517 +0.132 21.92 + 0.78 103 * 12
-S45b 0.483 * 0.116 24.86 + 0.84 38 t 11

- -s#5c 0.444 +0.089 14.70 £ 0.54 41 * 8

-5454 Q.300 * 0.105  8.48 £ 0.55 117 * 14
~545e 0.543 +0.122 11.21 % 0.68 82 * 15
~545¢ 10.383 #0.114 8.98 + 0.61 127 * 14

 Z545g 0.414 £0.128  13.67 + 0.71 88 * 15
-S45n - 0.584 +0.128  12.37 + 0.70 179 % 15

- =8451 . -~ 0.908- % 0.105 19.37 + 0.74 - 207 * 14
545 0.757 +0.109 22.53 + 0.85 22 * 10
-s45k 0.380 *0.075 11.11 + 0.48 124 * g
-S451 ~0.521 +0.086 30.28 : 0.99 43 9
~S45m 0.446 +0.091 11.59 % 0.54 121 * 11
‘Mean, RMSD  0.486 *0.150 13.07 + 5.46 99 4 39
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'fGarden,Roller".Beads:

Mean and RMSD

0.26

231

Neutron Activation
Analysisa’f ‘
~ Samole AL (%) c1 (%) M

BAM-P18a 3.83 +0.24 1.20 % 0.11 249 + 19

BAM-P18b 3.75 +0.38 0.71* 0.11 270 & 21

- MST-1 4.00 +0.13 0.69* 0.13 191 13
MAP~-GRX1 3.73 £0.08 0.96* 0.10 250 # 10

'MAP-GRX2 '3.31 £0.15 0.81* 0.12 197 + 20
d 3,73 2 0.87 ¢+ 0.22 + 35
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Table 4b. continued

Né (%)

C

Samnle Cu U

-P18a 13.67 +0.13 3,629 =+ 94  101.93  0.61
-P18b . ~13.74 +0.13 6,200 + 109 44.70 * 0.28
-1 14.87 '£0.14 6,160 125  25.36 * 0.18
~GRX1 1 10.48 £0.10 5,055 & 94  95.11 * 0.58
-GRX2 15.88 +0.15 4,857 =+ 107  48.95 * 0.30
Mean, RMSD = 13.73 +2.03 5,180:1,064  63.21% 33.52
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0‘03':'

‘Mean, RMSD  4.22

0.79

4.07

Table 4be"céntinuedfi’
Samole : S@“ i Co Se
~P18a 4.819 +0.155  5.62 + 0.13 3.63 0.02
-P18b 4.702 +0.072 = 5.07 +0.13 5.49 * 0.02
-1 4.448 +0.048  4.04 + 0.16 3.48 *0.03

- -GRX1 4.129 +0.149  5.96 £ 0.18 4.15 * |
‘-GRX2 3.018 + 0.078 . 5.83 ¢ 0.16 3.59 .+ 0.02

+0.72 5.31 4 + 0,84
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v (#)

L+

0.57

Samole Ta
-P18a . 1.09 * 0.02 1.53 * 0.05 0.534 * 0.004
-P18b 1.21 % 0.02 2.61 *0.07 ° 0.741 * 0.005
-1 0.90 * 0.02 1.31 £ 0.06 0.361 * 0.006
~GRX1 '1.04 * 0,02 1.53 *0.06 0.561 * 0.005
-GRX2 0.82 * 0.02° 1.25 * 0.05 0.656 * 0.005
Mean, RMSD 1.0l # 0.16 1.65 * 0.55 *0.14
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_Samole

. Sb

'- Th

-P18a -
~-P18b
-1

. ~GRX1
-GRX2"

Mean, RMSD

20. ¢
- 14.3 ¢+
12.2%
. 19.8¢

21.2;

0.8
0.6

0.6

0.8
0.9

211
112 -
62

285

359

+ 1+
o

I+

10

+

+
e

10

23.34
 53.40
33.81
.29.43
1 24.21

.+ I+ i+

+

0.14
0.29

0.21
0.19

0.15

17.5+

4.0

206

t122

'32.8

-+

12.2




Table 4b. c'o‘nc'lud ed

Hf

" Mean, RMSD

11.69

Samz}le ' Tb Zn
~P18a  0.501 % 0.032  8.21 + 0.23 154 + 4
-P18b 0.683 + 0.056 22.20 + 0.55 67 + 4
-1 © 0.459 £ 0.048 .  8.11 % 0.26 - 110+ 5
-GRX1 - 0.374 % 0.045 10.02 * 0.29 108 * 5
-GRX2 0.430 + 0.037 9.92 + 0.28 117 + 4
.0.489 £ 0.118 £5.94 111 + 31




a.

<112~

. 5Note9rto'Table 4

All results are viven in parts ner mllllon unlessfl

“otherw1se 1ndlcated.,'“

Imprec1sely—determ1ned elements (deflned in Chan-
ter. 3) are omitted from thls Tzble. vVor the
follow1no elements, a mean concentrat1on 1n the M
grouvo (w1ph root mean square dev1at10n) could be
determined: Ca, 4.83 t 2.82%; V, 106 55 vom;
As;'45'?'40~ﬁpm§lAé, 4-7 1.7 ppﬁ;.CS; 2.1 0.6

opm; EQ’-0'7231-0;23 ppm;_”AphrOXimatefupper limits

© of abundance were estimated for the M, grouo for the

'fQIIOWinggelemehtst (glven w1th an. estlmated repre~ -

'sentative cOunting'error)f Mg, 3.0 + 3.0%; K, 3.0

+ 1.0%; Sr, 1000 + 600 ppm; Ga, 200 + 150 pom;

‘In, 4 * 4 opm; Ir, 0.010% 0.008 vom; Hg, assuming

none was loet.in'the-reactOr, 0.2 +0.8 pom. Pb

was determlned by x~-ray fluorescence of grouped

semoles w1th the follow1nv results. Mi'beads,

okelvtou 4’. < 0. 08%, M bnudu, Skeleton 45, < 0.1%74.
1 . .

. Glaoemekere ,addltlve,‘

.~ Root mean square deviation (see Chavter 3).

.‘_Element Omitted from compvarisons based on this Tsble

in order to avoid over-revresentation from the

. lanthanide series.
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imnrecisély—ﬁe%erminéd éiements (defined in Chap-
 .t¢r 3) are Omiﬁted_from:this Tab1e. Those for
which aumean,ccncentrétion could be detérmined'among
the five gafden'rbiler bgads,are.(witﬁ root'meén~>
‘squre deViatibn); - Ca, 3.6 +1.2%; V, 83 + 49 oom;
As, 82 ¢44-ppm;ng,'4.1 ¢'o;4 ppm; Cs, 1.1 + 0.2 ppm;
Eu,_O.Sl £'O;O9_ppm, For the following elements
uvper limits ofﬂabundance in the five garden roller
‘beads are given (withvestimated_representative
counting‘error): ‘Mg, 3.0 £ 1.5%; X, 3.0 # 1.0%;'
isr,'4OO ; 500 ppm;.Ga, 200 + 80 bpm; In, S,O.i 5.0 pom;
W;“S.O :;Z;O'ﬁnﬁ;nlr,_d.OOB + 0.003 opm; Hg, assuming
none was lost in the reactor, 0.10 ¢ 0.20 ppm. Pb

o waévdétermihedvby x-ray fluorescenée of individual-

 samples, with the result < 0.10%.



ke

. CHAPTER 6. HETRLOOM BEADS
- Introduction o o | | |
| Certain glass beads are’ reported to be regarded as heirlooms by
'members of the follow1ng Transvaal tribeS' the Venda»of the Zoutspansberé
‘and Pietersburg districts. (Stayt 1931b 26 van Riet Lowe 1937 368), the
Lovedu of the Pletersburg ‘and Letaba dlstricts (Krige a.nd Krige - 19&3 236;
van Riet Love 1937 368; Stayt l931b 27), the Pedl of Lydenburg dlstrlct
(van Rlet Lowe 1937 3683 Schofleld 1958 193), and the Phalabora west of
Kruger National Parkl(Krlge 1937'36&) (Figure'9) They are knowu as
ancestral" beads because they have a connectlon w1th the past among the -
above people, and we shall call them helrloom beads. They dofnot occur
_among beads of the Zulu except where, among the Ndebele near Potgletersrust,
:they were sald to have been taken from the Venda (Schofleld 1958:195; Dicke
l937-h08) : Stayt (1931b 27) reports that they may have once occurred among

the Karanga of Rhode31a, and the ev1dence presented here would 1nd1cate

"'that this is a credlble possibillty._

.-

On the ba51s of both appearance and‘chemical 1ngred1ents the helr;
loon beads may be d1v1ded 1nto two serles which we ‘name Series A and Ser-
ies B. The present research hasvfound that Series A belongs to . a group of
beads found in lMiddle and Later Iron Age archaeologlcal 51tes in souuhern
Africa, that is, 1t belongs to the Trade Wind Bead Chemical Group d:scussed

in Chapter 7. The other Serles has not yet been related ‘to any large_chem-

 ical group of. beads.

The helrloom beads whlch are dlscold in shane, show a partlcular

‘resemblance tcwards discoid beads from two archaeologlcal'51tes in
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Figure 9. Distribution of sites discussed in Chapter 6. -
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Rhode51a. Dhlo Dhlo and the Mﬂelele Valley Burlal. This resemﬁlance is»
the subject of the present chapter.

Helrloom Beads'

Hlstory of Helrloom Beads and Their Owners.v.Heirloom beads eeeme
to be most highly valued among the Venda. ,These are a compesite people,
who, before eoalescehce,.came}in small groups from north of the Limpopo
RiVef iﬁto,@he Njelele'velley'of the Transvaal. They later moved to the

Zoﬁtépansbeig;

‘Their heirloom beads are said to have been brought to the Transvaal

from their earlier home,nOrth'Of the Limpopo. Before crossing the Limpopo,

'members of the Venda aie said to have passed through the country of the
Karange'(Rhodesia){ Théy deny a kin relationship:td‘the Karanga, bﬁt‘tbey
consider pheﬁeelvee_relefed_by commoh descent to the Rozwig, who ruled the
successer state which'grew up-in the southern provinces of the former
Karanga klngdom of - Mwene Mutapa. | _ |

Stayt (l93la, 1931b) points out that there are many place-name and
other eimilurlh]es bepween‘Véndaland and Rthesia. uimilarly, Lestrade
(1927) haé written dn #he Rhoaesianeaffinitiee of the Venda; many othefs

,have reﬁarked on the'subject,eand a,aynastie sucéession linking the Venda'

and_Lovedu.to the.Mutaﬁa—Rozwi complex has been summarized (Alpers 1970).

9

Thevrecprd'is unclear on the originé'of the Rozwi. They have been con-

sidered late-seventeenth-century conQuerorsv(Fage'l958:2h§ Wieschoff 1941:

'j 11), but a more recent worker has considered them more or less autochthonous-

within the Karanga,_élthougﬁ he has not consistently maintained this posi-
tion (Abraham 1961:211; Abreham 1964:107). Others characterize the Rozwi

as o dynasty collateral to the Mwene Mutapa dynasty (Alpera 19705203-220).
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Among.one group of Veﬁda there is a tradition of a more remote
orlgln north of Karanga country, near water (Lestrade 1927T: h88—h91) The
great lakes. reglon of east-central Africa has been proposed (Gottschllng
1905:365) as this site of ultimate origin, but there is no archaeological
evidence for that hypothesis. The glass beads from Sanga, judging by pub-
lished description (Nenquin 1963), do not resemble heirloom beads.

| The date‘given, estimated'by;counting back chiefs, for the migra-
tion into the Traﬁsvaal of'people who eventually were to become Vende is
c. 1700 A.D. (Krige and Krige 1943:305; Lestrade 1927:490; Stayt l93lb 12).
Thelr name Venda, is relatlvely new and applies to the compos1te group in
the,Transvaal (Lestrade 1927:h92).
| - Among the Iovedu the,beads'seem to hold & place of honor similar
to that which they hold among the Venda. Like the Venda, the-Lo?edu are
eonsidered to have ehtefed the Transvaal from north of the Limpopo and to
be related to the Rozwi.v Krige and Krige (i9h3:30h) estimated the time of
crossing of the foyal Levedu, who were descended from e Mambo (the title
of a Rozwi chief), as ¢. 1600 A.D. A previous estimate (J. D. Krige 1937:
329) élacéd the crossing in mid-seventeenth century.
| Connections between the Lovedu and the Venda are strong. Aside
from similar beads (Stayt 1931a, 1931b), they inclu’de similar historical
traditions, including traditions apparently relating to the Mwene Mutapa
kingdqm; similar cultural activities, and mutual contact in the Transvaal
in the eighteeﬁﬁh eentufy, especially between 1750‘and 1820 {Krige and Krige
1043). |
The Pedi urevdl;o thought to hauve come down from thc'north (Monnig

1967:16) and possibly ultimately from the 8reat lakes reglon (Monnig 1967:12).
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Beads are often mentioned in eccounts of the Pedi but are ‘not further
described. "Royal beads" are used in divination to help establish a 11nk

with ‘the chief's ancestors (Monnlg 1967:85). Sekwati sent_"a;royal bead"

to Mbrangrang (Hunt 1931 287; Monnig 1967:23). A 1929 photograph-of'Chief_

Sekwat1 Mampuru (Mbnnlg 1967 faclng lhT) shows beads which look llke the

heirloom beads.of this report. Probably unrelated is the story that Chlef'

Thulare (Thulwana), who died in 182h had his own- beadmakers in a plece on o

the Steelport River (Hunt 1931 28L4).
The Phalabora, also thought to have come down from the north (E.
J. Krige 1937:358), have had much contact uith the Lovedu (Krige and Krige

19&3:305), especiaily'between 1750 and 18T0. The'Phalabore possess_the

blue-green and cobalt blue beads we refer to as heirloom beads (E} J. Krige -

1937:364).

Therorigin of the Vende name of the beads, "beads of the water",

(Vhulungu ha madi) is not known. Dicke (1937:409) hinted that_the expree_
sion referred to the'ultimate origin of the beeds.from‘ecross a large body
of water, woich he interpreted as the Atlantie Oceen. .
| Until the present work the legehdary age of the heirloom.beads hed
not been supported by any evidence independent of oralAtradition. They had
been rather'unsatisfactorily identified at three archaeological sites.
Schofleld's observatlon (19k2: 98) that they resembled.the beads of
"Dhlo Dhlo, not supported by the presentatlon of ev1dence was lost by the
'wayside. Besides the lack of presented evidence, a factor which may have
" contributed to the neglect which befell his correct observation is the
over-idealized couception of heirloom beads which was then current (van

Riet Lowe 1937:368-369). Not 811 heirloom beads (a5 labelled in van Riet
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Lowe'e bead collection) measufe up'to this‘idealization and even'fewer
Dhlo Dhlo beads do, a: s1tuation whlch 1s understandable 1f Dhlo Dhlo

beads were preserved by archaeological burial before centurles of wear

and selectlon had taken their toll. This over—ldeallzatlon may have been
responsible for Beck's denial of the presencedof beads resembling heirloom
beads at Dhlo Dhlo (1931:238), & denial which, the author feels, was mis-
taken. _ | o | | |
| Dicke (1937:407) claimed to have s‘een'mmieta;:abie heirloom beads
"on the West Coast of Africa and also at the Paris exhibition of 1900, in
urns excavated from the ruins of Carthage." The ‘author has exemined thou-
sends of West African beads end has also examined the beads excavated

'from Carthage now preserved in the museums near the s1te. Nof one heir-
loom bead or facsimile thereof was observed in these contexts, nor would
such a bead blend 1nto these contexts.

Caton—Thompson s (1931: l9h) 1dent1f1catlon of helrloom beads at
Zlmbabwe was cr1t1c1zed by Schofleld (l9h2 88) and, between the lines, by
van Riet Lowe (1937:367-368). At the time Caton-Thompson wrote, heirloom
beads had not been olearly described in the literature.

Ceton—Thompeon's re?ort that heirloom beads are found "in the basal
deposits of fuins.genereliy" (1931:l9h) must be modified. After visual
examinatioo of theerelevant specimens, the author feels that the only early
dep051t yleldlng g possible helrloom bead is the A3 No. 49 midden at Zim-~
babwe. Thls depos1t however, is no longer con31dered "basal", (Caton-
.Thompson 1970:16) but it is still thought to contain material from a time
range much earlier than Dalo Dhlo. Although ten beads from the A3 No. L9

midden were classified as heirloom beads ("beads of the water") (Caton-
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Th§mp$on'l931: ?late XLV, type lic, row 2) Ve-ﬁould follow this classifi— 
cation reédily for only two of them. The'femainiﬁg éight resémble‘the
characteristic blungreen transparént.cylindefs bf Bambandyanalo;and of
Period II (phase 2) at Zimbabwe (Summers and Roblnson 1961 232). 'This
fact was recognlzed by Schofleld (1942:88) and by later authorltles in
personal communlcatlons.

Visual inspeéﬁion indicatéd that the beads from Zimbabﬁe AL No.

48¢ (Caton-Thompson 1931:8% and Plate XLV) and Hubvumi (Chibvumani) (Caton-

‘Thompson 1931:159 and Plate XLVI), which were previously identifiedras heir-

loom beads ("Lc") do not resemble heirloom beads.

: -Descriptioh bf Heirloom Beads. Beads considéred by members of the.
previously-named tribes to be old exhibiﬁ various colors and stylés, but :
the kind thought to be oldest and most respected 1s & class of blue—green
beads known' as‘ 'encestral beads, or as "beads of the water", herein called

"heirloom beads". Among the Venda they are known as Vhulungu gg_madl (van

Riet lowe 1937; Stayt 193la), and among the Lovedu as mudale, modzike, and

thaganwe (van Riet Lowe 1937; Krige and Krige 1943:236). 1In addition to
. blue-green, they also occﬁr commonly in cobalt blue. Similar beads occur
occasionally in gray, green, yellow, and black.

The appearaﬁce of theée heirloom béads is well—known from the
description of van Riet Love (1937:368-369), following Dicke, who wrote
(Dicke 1937 h06)

The exact color shade of the bead does not seem to
"matter very much to the natives. What they look
Tor is a cloudy white substance which appears to
- be floating inside the bead. It is a wax-like
cloud which makes the bead semi-opaque. Light

seems to penetrate into the bead for only a little
. distance before it is reflected....

T e
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In other words,‘thé‘g1ass is translucent, and-the qua1ity of its appear-~
ance is suéhvthat the'ﬁeads often appear to be»mﬁde'of wax. ‘They afe cane
beads, shaped like discs (discoid). Their ends are uSuallyAflat, but n6t
in parallel'plahes; ‘However, not all the beads display perfectly flat
ends; some have slightly_rpunded ends, and it‘éeems possible that the flsat
ends may'have béeh creafed, or enhanced, by wear.lo Strung correctly, the
beads fit closely'together, giving the curved necklace & stfeamlined,
snake-like effect. ‘Tﬂe lengths of the beads vary. from ’Ll t§ vl ﬁm,,and
the dia_meﬁeré from “3 to “6 mm (Figure 10).

The heirloom beads of Series A; as weiivasAall archﬁeological beads
belongiﬁg'to Series A, are grossly opaque to translﬁcent. Ih microscopic
examination (72x.magnification) thé glass is fairly transparent, but bears
many tiny bﬁbbles which.ﬁay be partly responsible for the translucency.

The color of the blue~green ekamplesvvaries ﬁbout Munsell No. 2.5B,5/6;
the_cobalt‘blue abouf Muﬁsell No. 5PB,3/8. j0nly Series A exhibits the waxy
appearance which Dicke noted for heirloom beads, and it varies.

~ The heirloom beads of Series B, as wéll as all archaeological .
beads belonging to Series B, are more translucenﬁ than beads of Series A.
’Upoh close examination the glass of Series B is tranqurent and contains
bubbies, which, especially in the blue-green e#amples, arevlafge enoﬁgh to

be seen clearly with the unaided eye and give the glass a slightly frothy

lOCane teads are made from canes or tubes of glass, broken into segments,
which constitute the beads. The segments may be reheated, softening
the glass just enough to round off the sharp edges, or the segments may

be sold unreheated. Subsequent wear may flatten-thé ends of any bead.
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Figure 10. Heirloom Beads.

XBL 728-1539
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appearance. Inclusions are.also‘present.f'The blue-green color ranges
a.bout Munsell No. 2.5B,5/7 a.nd the co‘ba.lt blue about 5PB,3/8
Dicke (1937 LoT) proposed & method of manufacture for heirloom

beads whlch seems partly erroneous, since it corresponds neither to con—.
vent1ona1 manufacturlng practlce nor to a reallstlc poss1b111ty. He pro-
posed’ that canes were broken into beads and then strung immediately, so
that the fitting_neighboﬁs, as itdwefe, would stay together and give the
necklace its'streeﬁlined effect. :

| :The beads (of both Series) are_clearlx made from.canes. However,
probabl&vat leesilsinee the fime of Neri (1612); Judging by vocabulary in
hiS'book.(see Zecchin i96h:21—2h), the operations of bfeaking the canes,
reheating.the segments if'deSired, sortihg by size, and stringing finished
beads'havevoeen separate and‘seqﬁential (see Zecchin 1955, esp. 81-99).
Neighbofs would not be expected to stsy together'throughout these opera;
tions. The breeking,processiitself resﬁlfs;in considerable "débitage" which
is”discarded,.oriperhaps remelted later. Because of the missing "débitage"
it seems unlikely that}neighboring segments of a canevwou;d fit togethef
after breaking any better than non—neighboriné segments,,and.there wouid be
novadvanﬁage in the ‘proposed immediate stringing. The similarity in size .
Of.the beads'may be explained-by thevconVentional manufacturing process of
sorting by means of sieves. -

The Qrchaeolo~1cal Site of Dhlo Dhlo

Historyv. 'Dhlo Dhlo.is the site of:a stone ruin considered to oelong
to the.Rozwi,sueeeSSor sfate to the former Mwene Mutapa kingdom. It is
located in southwest Rhodesia (Msp, Figuie 9) in tefritory formefly known
as Butua.(Gaflake 1968). - On a map of mid—seventeenfh—century HuKaranga,

Abraham labels this site "Ringa raChangemire" (Abraham 1961:213).
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It was known to be in ruins g¢. 1895, and was first excavgted.in B
v1905 b& Manvgr. A‘dgfinitive excavatiénvwas carrie&'out-in 1929 by
G.nCaton-Thbmpson (1931). - »‘ |

The rﬁiﬂ was dated tévg: l?OOIAfD. originallyion the basié’of a
square-sectioned dark gréen glass "Dutch gin" bottle found in thereicéva-
‘tion and given that date by the British Museuﬁv(Caton-Thoﬁpson 1931:1Th
aﬁd Plate LXIV). Subsequent studies; including those of importedfChihese
ceramics, havg supported this'dating (Garlake 1968). This bottle,_some
Chinese'ceramics, and about two thousénd beads came from befween two floor
levels. Most of the cobalt blue beads were found on a burnt human burial
on the lower occupation level, that is, between the floors. These
numbered about one thousand (Caton-Thompsop 1931:172 and Plaﬁe XLVIII).
A similar number of 5lﬁe-green beads was found in "a pocket of soil" be-.
tween the floors but not on the burial.(Caton—Thoﬁpsoﬁ 1931:169 and Plate
XLVIiI){ About two dozen monochrome reheated cane beads of other colors
also came from the lower occupation level, which would fit in easily with
the trade wind beads discussed in Chépter T. |

Description of Beads. All the beads from Dhlo Dhlo that were

analyzed fell into Serieé‘A. They are unreheated discoid beads in blue=-
green and cobalt blue (Munsell No. 2.5B,5/6 and SPB,3/8 respectivély).. A
photogfaph of é.large number of such discoid beads from Dhlo Dhlo was pub;“
lished Sy Caton-Thompson (1931:Plate XLVIII). Our sémples from Dhlo Dhlo
resemble heirloom béads of Series A in respects of discoid shape, size,

color, translucency, textural quality, variable waxy appearance, and micrq-

scopic appearance; and if they were mixed together it would be very diffi-

cult to sort them out, except for a few heirloom beads which closely
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approach van:Rietdewé's (Dické's) idealizéd desériptidn. With respect
to the visually-perceived tréits listed abéve, the beads from Dhlo Dhlo
ghow considérabiy iess uniformit& aﬁong themselves than do_heirloom beads.
Centuries of wear'and seléction'among heirloom béads may have contributéd
to their relative uniformity of appearance coﬁpared to the "raw", as it

- were, béads of Dhlo-Dhlo. | |

The Archaeological Site of the Mjelele Valley Burial

.§i§£g£1. A-groﬁp'pf samples was obtained from a human burial in
the NUele1e Valley-df'thé Matopo ﬁills of Rﬁodesia (Figure 9). The beads
were found some years ago by one Gréham Miller.of a Bulawayo Boy Scout
group. The buria; yielded a'large number of glass beads which were arranged
on'a chart which is noﬁ prgservéd in the Nationai Museum of Rhodesia, Bula~-
wayo. The label on fhevchart,dates the beads after‘1800 A.D. VWe are now
investigating evidence that the bead assemblage mey be typical of a slightly
earlier period, perhaps the eighteenth century.

Description of Beads. Common among the beads of this burial were

discoid beads resembling heirloom beads of both Series. From visﬁal in-
spection, it is estimated that the majorify of beads from'this burial which
resemble heirloom beads resemble Series B heirloom beads, whereas those
_resembliﬂg Serigs A are raier.

All but two of the samples énalyzed from this buriai measured'be—
tween 1.5—3 mn in length and between 3~-4 mm in diameter. The two excep-
tions vere MJE-lé.ana MJE-1b, measuring 4 mm in length and 5.5 mm in dia-
meter, and 3 mm in length énd 5 mm in diameter, respectiyely. The blue;
green color is approximately Munsell No. 2.5-10B,6/6, the cobalt blue

approximately No. 7.5PB,3/11.
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Source of Eﬁhnographié'Samples

The'heirleom béads analyzed here'were'cbtained from;the Leveduvef
Modjadje'sl; loca£ionvby Eileen Jensen Kriée, who' gave theﬁ to van Riet
Lowe (1937:372), an expert on the Venda beads. We obtained them from the
van Riet Lowe bead collection in 1968 for the’pﬁrpose of this laboratory"
study. They were clearly;labelled, often in van Riet Lowe's own handwrit~
ing. The judgment'that Lovedu beads correspond in ph&sical appearance to

Venda beads has been made or implied by van Riet Lowe (193?:368), Krige
and Krige (1943), and Ste’yt (1931a:253; 1931b:27). ‘The I'a.uthor, after care-
ful iﬁspection, finds that Venda end-Lovedu heirloom beads iook exactly
alike. | |
Results

. Table Sb presents the results of neutron activation analysis'of beads
of Series A, end.Teble S5¢ preeents the analogous data for beads of Series B.
bfhe two Series differ notably in their'contents of.sodium, uranium, anti-
mohy,'and tin. The sodium content of Series A'averages 15.12 * 0.70%,
whereas in Series it averages 9.62 + 0.71%. The uranium content of Series A
averagee 66.65 + 282b6 ppm, whereas in Series B it is h.72 + 9.81eppm. '
Series A'shews no evidence of the use of antimony, whereas Series B does, in

some beads being present at quite high concentrations.

lledjadje is the hereditary name of the Queen of the Ilovedu. According

to tradition, Modjadje I repelled the invasion of Zwide, the Ndebele leader,
in 1819 by sending him a basket ofvﬁewitehed beads, which spontaneously
gathered intoia heap at the appropriate moment (Krige and Krige 1943:1;
Bryanf 1965:211). They were not like heirloom beads, however, for they

were striped.
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Discussion

Comparisons with Earlier Work. Our analysis of heirloom beads con-

firms and.elarifies'the chemical groupings of Vepda heirloom beads pre-~
viously prqposed by van Riet Lowe and Schilz, utilizing en ultraviolet
- spectroscopic method (van Riet Lowe 1937:370). These early results are re-
produced in_Tabie 5a.i If_ehe compares Table.Sa Vith Tables 5b and Se, it
seems evident that van Riet‘Loﬁe's V.3 group‘cerrespends to our Series B,
whereas his V.1, V;2,vand VQh;samples corfespondvto our Series A. This judg-
ment may be made by comparing their antimony results with ours. |
:The'terminplogy and sPeetrographic results offered by van Riet Lowe
and Sehilz indicate that the‘Vehda differentiate between the two Series in

blue-green samples but perhaps not in cobalt blue samples. Our blue-green

Series A beads may be eqﬁivalent to van Riet'Lowe's Vhulungu ha madi

(V.1 and V.2), our blue-green Series B beads to his Vhulungu ha madi:

Lutumbe lwa magi (V.3), and'oﬁr cobalt blue.ofv both Series to his

thluhgu bha madi: Mafhe (V.k);

| Conversely,‘labels in the van Riet Lowe‘collection indicete that
the Lofedu differenyiate between fhe two Series in cobalt blue examples
but not in blue-green. Our blue~green samples were invariably labelled
mudala; whafever Series.they later fell ‘into; whereas our cobalt blue samples
bere either of two labels: those'laﬁelled modzike fell into Series A and |
. those labelled theganwe fell intd Series B. Of coufse, it must be rememe |
bered that small numbers of eamples are concerned.

Schilz‘(in fan_Riet Lowe 1937:371) fhoUght‘that the Venda heirloom

bead;\were made from the same type of glass as the so-called garden roller

(and MI) beads ffoi Bambandyanalo and Mapungubwe. There is a resemblance,"
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as may be seen by'COmparison of our Tables 4 and 5. Both concern a.very
similar soda-lime glzss with & remarkable uranium content, although Schilz
 was not apparently aware of the latter (van Riet Lowe 1955:11; van Riet

Lowe 1937:371).

Distribution, Dating and Origin. The distribution of the Series A

and Series B beads bears discussion; Blue-green beads of the discoid

" appearance of heirloom beads have not been reported on the East African

coast nor has the author seen any. The author has seen cobalt blue examples

from Fort Jesus ﬁhich may belong to Series.B; This clue is under further
iﬁvestigation.

As préviously stated, Dhlo Dhlo lies in the territory formerly
known as Butﬁa. In this region there ﬁas an embargo against Pdrtuguese
trade during the time period from c. 1652 to the 1730's.(Abraham'1962:
32-3k; Garlake 1968:29).v This is the time period in which Dhlo Dhlo prob-
ably belongs. Garlake (1968:29) feels that this emﬁargo was probably not
éompletely effective. Such an embargo woﬁld explain the scarcity of the
typical Portuguese-supplied monochrome reheated cane beads.atthlo Dhlo.
The farity of'discoid beads like those of Dhlo Dhlo in East and Sputheast
Africa might indicate,that\?he Dhlo Dhlo beads did not come frbm the east
. coast. It may be relevant té recall that c. 1640 Fathef Manuel de Sousa '
e ‘Faria wrote, "It isvthought that the flacks of Butua of the kingdém of
Chicanga are those that carry the gold to Angola...." (Theal 196L:I, 23).
Dicke (1937:409), as well, had some informetion that the heirloom beads
came from the west. |

However, the evidence of Chapter 7 shows that the beads of Dhlo

Dhlo. and all other-Series A beads match the probably—Portuguese—supplied
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'beads.. If so, they must‘have come from the seme’ source, although p0381bly
by different routes. Since the Portuguese were supplylng both east and
.west coasts, there is no difficulty in this hypothe51s.
| Archaeologicai evidence from‘Angola is needed in order‘to evaluate
| the'possibility that the beads'of Dhlo Dhlo (end possibly other items of
trade) may have arrlved from the west coast. One fragment of relevant
evidence but of unknown reliablllty, is at our dlsposal displayed in a
gless case in the Natlonal Museum of Tanzanla Dar es ‘Salasm, are some beads
 resembling heirloom beads, bearing.an old, yellowed label which reads "drawn
| beads resembling the beads first brought to Angola by the Portuguese ¢.
1500." - | | o

.Beeides the embargo hynothesis, another hypothesis which might
explain the restrictioniof the Dhlo Dhlo bead assemblase to beads of a
rather,discoid'shapeAis the possibilify that they were already at the hon-
ored center of some culfural-traditidn é, 1%00 A.D.

Summary and Conclusion

Samples‘of discoid glass heirloom beads from Modjadje's location
fall into two Series; which we label Series A and Series B. biscoid beads
from-the:Mjelele Valley‘Burial fall into the same two Series. ‘Discoid
reanplee from bhlo Dhlo fall into Series A. These Series have visual and.
chemical integrityf .

These finaings show that thenLovedu have in their possession, as
heirlooms, beads of.chemical’compositions that ere represented in archaeo-
logicalvsites in‘Rhodesia. As will be shown in the next chapter, Series A
belongs to a chemlcal group that is repeatedly found in archaeologlcal

sites north of the lepopo in and near Rhode51a, and on the east coast.
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'Ayreasanaﬁle interpretatién‘of this situation is that the Lovedu
Series A heirloom beads may;have'considereble antiqﬁity. If we may draw
from the traditions of the_Venda, ﬁhdse heirloom bea&s look exacfly like
Lovedu heirloom beads, then our interpretatién may beebroedened.

The estimated dates of Venda and Lovedu mlgration, c. 1700 A.D.

and c. 1600 or c. 1650 A.D., respectlvely, put the Venda and Lovedu north

of the Limpopo at the approximate time when Dhlo Dhlo was an inhabited

site, c. 1700 A.D.“It-is”therefore plausible that the Venda and Lovedu

aﬁcestors may have owned beads that were current in Butua c. 1700 A.D.,
- beeds that the inhabitents of Dhlo Dhlo owned as well.

Tradition states that the Venda ancestors brought their heirioam“.
beads over the Limpopo into the Trénévaal, The published traditions do
not state whether or not the Lovedu bfought their heirloom beads over the
Limpopo, but the fact thap the beadsvare considered ancestral_among the"
Lovedﬁ may indicate en under;ying similarit& of derivation.

The presence of Series A beads'at Dhlo Dhlo, a Rozwi ruin, adds

its weight to‘the previous evidence of Rozwi-Venda and Rozwi-Lovedu geneal-

ogical and cultural connections, supﬁorts the oral traditions of antiquity
for heirloom beads, and gives'the protohistoric archaeology of southern

Africa a point of articulation with the present.




Table 5a. Ultraviolet Spectroscopic Analysis
. of Heirloom Beads by W. E. Schilz®

Group] - 1 a0
Na| x| ca| si|] Fe| Mg | Mo | cu| Po| sn | sp| Co Ni Zn
EEE p L B + | = R BT +)| - | - - -
V.2 " " " " + + 4+ ++ - - - (+) .. -
A IEN B B R N ISR N R EEC B R B A -
V.4 " " 1 " + + + + - - - + - -
Where: (+) = In very small quantity
o = In clear quantity '
++ = Very clear »
+ + = Great quantity

+

&Taken from van Riet Lowe (1937:370).

'Tgtf‘
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‘Table 5b.. Series A HéirloomuBeads:

' Neutron A¢tivatibn Analeis .

a,b

Al‘(%)f-

cl'(%i

DHI-1352f cobalt blue - 4.53

Samole  Color
MOD-2a =~ blue—green  3.57 £.0.16 1.06 * 0.14
'MOD=2b L 3.73 + 0.28 1.42 + 0 17
MOD-2c " 2.21+ 0.62 1.17°t 0.23
MOD-2d " 3.30 + 0.13 1.31 * 0.19
MOD-2¢ - A 3.48 + 0.19  1.70 + 0.21
- MOD-2f " 0 3.13 £ 0.27 1.91 t 0.25
~ DHI~1353a " 4.55 + 0.15  1.84 * 0.23
- DHI-1353b " 2.77 + 0.21 1.41 * 0.27
DHI~1353c L 3.91 + 0.17 1.26 * 0.17
DHI~1353%d " 1 2.99 £ 0.30 1.98 * 0.21
DHI~1353¢ "o 2.06 +0.12 1.40 * 0.19
'DHL-1353f " 3,18 + 0.14  1.55 * 0.17
MJE-3al " 3.17 *+ 0.19  1.40 * 0.18
MJE-3a2 " 2.78 + 0.33  1.89 * 0.22
MJE-333 " 3.09 +0.58 1.45 * 0.27
MJE-5 oo 3.17 +0.24 1.37 +0.24
. MOD-5a cobalt blue 3.84 % 0.16 1.60 * 0.19
MOD=5% L 3.45 £0.24  1.44 0.21
MOD-5¢ " " 3.71 *+0.53  2.69 * 0.32
DHI~1352a " 3.30 $0.19 2.00 *0.31
DHI-1352b ¥ '3.56 +0.20 1.70 *0.25
DHI-1352c " 4.37 +0.46 - 1.23 +0.35
DHI~13524d " 4.42 £0.49  1.91 *0.29
DHI-1352¢ " 2.95 £1.03 1.52 *0.38
Mean and RMSD® 3,41 £0.65 1.61 * 0.36
+0.18_ 2,06 * 0.33
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Table 5b. . continued

Samole Color M .~ Na (% Cu
-2a  bl-gr. 299 £20 14.93 +0.13 5,725 * 125
-2b " 286 £25 15.45 +0.14 5,205 * 138
~2¢ e 306 35 14.42 % 0.14 5,447 * 182
-2d " 322 29 14.06 +0.14 4,217 * 157
-2e " .. 299 £33 15.11 £0.15 5,358 * 174
-2¢ " 259 38 16.32 :0.16 4,354 * 186
~1353a . " 351 25 14.93 £0.19 5,192 * 194
-1353b " . 286 *30 15.22 +0.20 4,537 * 217
-1353¢ " 280 t21 14.69 +0.18 4,977 * 152
-1353d . " . 376 t27 16.89 £0.21 5,272 * 180
-1353e " 172 +19 14,02 +0.13 3,847 £ 150
-1353f " 253 21 15.83 +0.14 5,132 * 139
-3al - " 236 10 14.56 *0.12 4,841 * 115
=332 " 272%#13  14.75 £0.13 4,045 * 134
~3a3 "+ 267 £19  15.42 :0.14 6,207 * 173
-5 247 +13 14.29 £0.13 3,940 * 152
-5a ©  co bl. 365 +24 14.94 *0.14 b |
~5b n 368 +29  15.05 £0.14 b
-5¢ "o 272 %47  15.28 £0.16 b
~1%52a " 262 30 14.42 +0.21 b
-1352b " 299 * 15.29 +0.20 b
-1352¢c 308 t36 15.67 *0.23 b
-13524 311 30 . 16.10 $0.22 b
~1352e 367t 15.34 $0.22 o
Mean snd 294 15.12 + 0.70 4,871 * 721
| | b, f
~1352f co bl. 1,128 +42 16.54 * 0.23 b
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~1352f co bl.

3k

' _Table Sb. continued
Samole Color - U - Sm

-2a bl-gr. 102.66 +0.48 = 3.58 t 0.16
-2b " . 58.15 t0.30 2.98 * 0.10
-2¢ " 98.82 * 0.51.. 3.14 * 0.16
-24 " 30.22 +0.21 1.49 * 0.06
-2e " 176,22 *0.42 ©2.75 * 0.13
-2t " 31.11 £0.23  3.05 * 0.06
-1353a v  87.16 *0.43  3.50 * 0.14
-1353b " 117.40 t0.58 2.85 * 0.18
-1353c "o 19.58 £0.12 2.12 * 0.03
-13534 " 31.90 t0.18 1.93 * 0.05
-1353e " 38.30 *0.24 1.34 % 0.07
-1353f " 37.07 *0.21 -1.74 * 0.06
~3al " | 53.48 t0.31 2.67 % 0.07
-3g2 n 74.13 *0.42  2.96 * 0.10
~3a3. " 66.72 t0.42 3.37 * 0.09
-5 " 106.31 $0.59 2.71 % 0.14
-5a co bl. - 79.00 *0.47 - 4.17 * 0.13
56 " 198.45 t0.58 3.36 * 0.16

-~5¢ B 79.69 £0.58 3.45 * 0.15
-1352a " '80.33 *0.45 = 4.55 * 0.13
-1352b .- "  41.83 $0.23  2.26 * 0.07
-1352¢ " 1 64.17 *0.38 3.24 £ 0.11
-1352d¢ " . 91.20 *0.46 3.68 * 0.14
-1352e " 40.62 *0.27 2.05 t 0.07
Mean end RMSD 66.65+28.06 2.87 t 0.82

© 196.15 + 0.96  4.80 *.0.30
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Table 5b. continued

Q
o]
Q' 5

-1352f co bl.

1,762.60 + 14.95

 Samole. "Coll_ovr - Sc
-2a bl-gr. 48.43 + 0.63  4.82 *+ 0.04
-2 71.02 + 0.85 5.05 * 0.04 .
=2c " 42.72 + 0.80 4.46 + 0.06
.24 " 63.98 + 0.83 2.70 + 0.03
-2 M 136.32 + 1.75 4.31 + 0.07
-2f 51.23-x 0.85 5.00 * 0.06
- -1353%a " 14.45 % 0.35 .5.23 + 0.04
-1353%b " 138.23 £ 1.54 4.00 * 0.05
-1353¢ " 47.95 ¢+ 0.55 2.52 * 0.03
-1353a " 48.18 +  0.63 2.56 * 0.03
- -1353e " 76.90 + 1.10 - 2.03 * 0.04
 -1353¢ " 28.12 + 0.47 2.77 £ 0.03
-3a1 " 38.31 + 0.64 4.69 * 0.05
=332 " 1 92.95 + 1.28  4.27 * 0.06
-3a3 " 62.54 + 1.14 4.8l * 0.07
-5 ©188.24 + 2.34 4.57 £ 0.08
-5a  co bl. 1,709.00 # 14.71 6.01 * 0.20
-5b o 1,400.60 + 12.45 4.93 * 0.20
~5¢ "o 1,064.60 : 10.33 = 5.44 % 0.22
-1352a " ©929.32 + 8.17 4.83 £ 0.14
- -13520 " 879.42 + 7.47 3.24 * 0.10
-1352¢ "  968.27 + 8.56 5.05 % 0.15
-13524 " 1,418.6C + 11.88  5.70 * 0.16
-1352e . " 780.42 + 7.14 4.26 % 0.14
Mean and RMSD. 71.85 + 46.20° 4.30 + 1.10
N 0 1,143.73 £326.39° |
6.26 + 0.21
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Table S5b. continued

0.29

Samnle Color ~  PFe (%) Yb - Ta =
-2a bl-gr. 1,30 £ 0.03 1.30 *+ 0.08 0.57 * 0.01
-2p " 1.38 £0.03 1.18 + 0.08 0.55 * 0.01
-2¢ " ©1.30 £ 0.04 0.89 + 0.11° 0.42 * 0.01
-2d M 0.78+ 0.03 0.61 t 0.07 0.31 * 0.01
-2e " 1.22 £0.05 1.04 * 0.14 0.47 % 0.01
-2f "o 1.36 + 0.04 0.88 ¢+ 0.11 0.99 % 0.01
=135%3a " - 1.45 + 0.03 1.26 * 0.08 0.48 * 0.01
-1353b " 1.06 *0.04 0.89 *+ 0.11 0.46 * 0.01
-1353¢ " . 0.69 £ 0.02 0.84 * 0.05 0.32 * 0.01
-1353@ - " . 0.79 £ 0.02 0.69 + 0.06 0.31 * 0.01
-1353e¢ " 0.62 t 0.03 0.51 * 0.09 0.38 * 0.01
-1353f " 0.80 * 0.02 0.63 * 0.06 0.34 * 0.01
-3al " 1.27 +0.04 1.09 * 0.09 0.62 * 0.01
=382 - " 1.14 £ 0.04 1.01 * 0.12 0.48 * 0.01
-3a3 M 1.27 +£0.05 1.27 + 0.15 0.54 % 0.02
-5 "™ 1,28 +0.06 0.56 +0.16 0.46 * 0.02
-5a  co bl. 1.60 t0.12 1.12 * 0.34 0.58 t 0.03
5% " 1,59 £ 0.13 0.82 * 0.37 = 0.88 * 0.27
-5¢ " 1.40 +0.14 0.52 £ 0.44 0.62 * 0.03
-1352a - " 1.40 * 0.08 1.32 * 0.24 0.72 % 0.02
~1352b " 1.04 * 0.06 0.81 £0.17 0.41 *0.01
S -1352¢ " 1.34 $0.09 1.36 +0.26 0.60 * 0.02
-13524 . "~ 1.70 +0.09 0.61 *0.24 0.57 *0.02
-1352e - * 1.21 ¢ 0.08 0.42 *0.24 0.45 t0.02
Mezn and RMSD  1.21 % 0.29  0.90 ¢ 0.52 + 0.17

T

-1352f co bl. 2.09

0.13 1,11 +0.34

0.57 *0.03
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' Table 5b. continued

~-1%352f co bl. 6.7

Samole Color spd Cr-
-2a bl-gr. 4.9 + 0.3 21.4 + 2.0
-2b " 4.9 + 0.3 16.8 t 2.1
-2c " 6.8 ¢+ 0.6 26.4 %31
-24 " 2.7 + 0.3 14.0 *+1.9
-2e u 11.7 + 0.8 29.6 t 3.9
-2f "o 5.3 + 0.4 26.2 *3.0
-1353a d 9.1 + 0.6 23.8 % 2.4
-1353p " 11.8 + 0.7 . 26.0 * 3.2
-1353¢c " 2.7 + -0.2 12.6 * 1.4
-1353¢ " 3.5 % 0.3 15.4 t 1.7
-1353e " 7.5 + 0.6 18.1 * 2.5
-1353f " 2.8 + 0.2 10.3 * 1.6
-3al n 19.2 + 1.0 21.4 * 2.4
-3a2 " 16.5 + 1.0 26.0 * 3.2
-3a3 " 8.2 + 0.7 40.3 * 3.8
-5 "o 6.9 + 0.6 39.9 * 4.4
-5a co bl. 2.9 + 0.7 9.4 *13%.0
-5b " 2.8 + 0.7 32.5 3.2
-5¢ " 8.2 + 1.0 65.5 %4.6
-1352a " 3.7 + 0.7 36.6 % 8.0
S -1352b " 2.0 + 0.5 15.7 *6.2
S -1352¢ " 3.1 + 0.7 - 35.2 8.6
-1352¢ = " . 4.0 '+ 0.7 30.0 *g9.2
-1352¢ " 3.2+ 0.7 30.0 *8.0
Mean and RMSD 6.4 *+ 4.5 26.0:12.3
+ 1.1 27.0£12.6
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B

Téﬁle 5b.' .éoﬂcihdéa: )

Samvle Color .

 Th

. =5¢ "
-1352a = "
-1352p - "
-1352¢ "

-13524 "

~1352¢ "

‘ aMéanvand RMSD -

123,49

- 18.01
S 19.56
1.84
- 15.08
16.91
21.16
18.18
17.56
12.77 $0.12
10.84
9.95
. 14.95

» '15;85
| 22.80
11.71

~ 25.07
' 20.93
36.72
18.24
14.06
24.07
21.08
14.38

-+ 0.17
- £0.16

0,22
+0.11

'£0.23
+0.20
- %0.17

£ 0.16
£0.11

£0.21
£0.27

£ 0.66
+0.78
*0.40
+0.31
*0.44

£0.46

*0.39

+0.20
+0.12

+0.17

+0.25 |
£+0.66

18.0

- =1352f co bl.

32.23

+0.63
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Tsble Sc. ‘Series B Heirloom Beads:

» . . . a
Neutron Activation Analysis®’9

Sample | S AL () cl (%)
MOD-la = blue-green 1.08 * 0.08 1.52 % 0.13
MOD-1b n 1.09 t 0.10 1.45 % 0.12
MOD-1c " 0.98 * 0.07 1.97 * 0.15
MOD-=14 " - 0.87 * 0.18  1.78 £ 0.15
MOD-1e n 0.96 * 0.26 1.60 * 0.15
MOD-1f " 0.93 £ 0.09 1.95 * 0.16
MJE-3Db1 " 0.79 *+ 0.0 1.55 £ 0.15
MJE-3b2 " 0.66 ¥ 0.19 1.94 *0.18
MIE-3b3 " 0.89 + 0.17 1.92 % 0.13
MJE-3b4 " 0.76 * 0.26 1.60 t 0.13
MOD-4a  cobalt blue 1.17 * 0.21 1.13 * 0.14
MOD-4b "o 1.02 + 0.36 1.32 * 0.17
MJE-19 " 1.08 + 0.14 1.23 + 0.20
MJE-1la g 0.55 *+ 0.33  1.04 * 0.12
MJE-1b. " 0.42 + 0.21 0.73 £ 0.12
MJE-1lc - " 0.70 £ 0.1% . 1.35 * 0.13
. MJE-1d " 0.86 + 0.12  0.93 * 0.14
Mean snd RMSDC 0.67 *+ 0.20 -1.47 % 0.38
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’TablefSC, ;cohtinued'.

— (%).' .

&l
a . .

'Sample_'Color""

14" 9.57 % 0.09
12 9.60 *0.09
17 9.31 *0.09
18 10.87 * 0.10
18 10.12 % 0.10
18  9.54 *0.09
14 8.59 *0.08
14  9.88 * 0.09
11 9.81 *0.09
10 - 9.67 +0.08
30 ©  8.39 *0.09

45  10.82 .11
38 10.66 * 0.11°
16 9.07 .08
27  9.26 t 0.08
11 9.54 *0.09
13 8.91 .08

H

~-la bl=-gr. 503
-1b " 308
~lc "o 567
_14 - ﬁ  o _584
~le . ‘,: "o . 350'
-1f ™ - 315
=31 " 980
~32. " 296
=3p3 " 484
=3b4 w266
-4a  co bl. : 1,119
o on o
-19 " 3,066
S -la. . " 1,015
-1 v 2,358
=le " '1‘:"339.
e v s

T S PO T
H M B+ B

-+
FRRYe
o

oM+
+ I+
O O 0O 0 OO0 OO oo

-+
I+

W s
.o R O

.71

W]
.

Mean and RMSD = 465 + 2165  9.62

1,513 +1,045°
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Table 5¢. -continued

Samole Color » c®?® U
-la - bl-gr. = 9,049 * 140 . 1.80 * 0.14
-1b o 11,512 ¢ 141 1.33 + 0.07
~lc " 8,819 * 148 1.45 £ 0.11
-14 " 9,670 t 152 1.54 *0.08
=le. " 7,541 % 137 1.31 £ 0.09
-1f L 10,389 £ 157 1.55 * 0.11
-3bl n 10,533 * 149 2.69 % 0.12
~3b2 " 9,299 + 141 2.31 +0.11
-3b3 " 10,520 + 121 3.46 * 0.08
-3b4 9,044 * 108 1.17 * 0.09
-4a  co bl. g 1.69 *0.08
~4b oo g 6.83 *0.15
-19 " g 41.14 *0.34
~la o g 'h
“1b. " g 1.61 * 0.07
-1lc o g 2.58 *0.20
-14d a g 3.07 *0.25
NMesn ‘and RMSD 9,638 +1,132° 4.72 tg. 81t
,f |

g




Tab1e 5c. continued

o -lke-

Sample - Color  Sm ot -

- -la bl-gr.  0.74 * 0.03 - 64.53 % 1.27
-1b " 0.67 +.0.02 '87.58 + 1.15
“le " 0.62 %0.03 75.33 '+ 1.19
-1d " 0.53 +.0.02.  43.85 + 0.82
-le " . 0.71 £0.02  75.03 * 1.14
-1f n 0.62 + 0.03 1 60.42 t 1.07
-3bl " 0.60 .t 0.03 91.11 * 1.52
~3b2 " 0.67 + 0.02 . 61.90 * 1.08
-3b3 " 0.62 t 0.02 43.42 t 0.66
-3p4. " 0.58 *+ 0.02  69.10 + 0.96
~4a  co bl. 0.77 * 0.02 394.50 + 3.93
-4b e 0.54 * 0.04 403.87 '+ 3.97 -
-19 " ~1.52 £ 0.07 +1,354.90  * 13.24
-la " . h 518.15 +15.44
-1b " 0.70 * 0.01  383.69 + 3.74
-1lc " 10.69 * 0.04  513.75 * 5.07
~14 " 10.90 * 0.05 630.56. * 6.46

 Mean and RNSD ~ 0.72 * 0.23 67.23 + 16.02°
| - C 599.92 £344.59"




‘Table 5¢c. continued

_1h3_

w |l
o}l -

. Mean and RMSD

0.26

Sample Color | Fe (%) Yb9
-1a bl-gr. 1.82 % 0.05  0.78 +0.10 g
-1b " '1.48 + 0.04 0.54 +0.06 g
~lc " '1.38 + 0.05 0.31 *0.08 g
-1 " 1.09 + 0.04 . 0.28 £0.05 g
-1le " 1.55 £ 0.04 0.43 £0.07 g
-1f " 1.38 + 0.04. 0.45 *0.08 g
-3bl " 1.39 + 0.05 = 0.49 +0.09 g
-3b2 " ©1.46 + 0.04 0.56 't 0.06 g
-3b3 " 1.36 + 0.03 0.47 +0.04 g
-3b4 " 1.25 + 0.03  0.47 *0.05 g
-4a co bl. 1.54 % 0.07 0.56 * 0.06 g
-4b " 1.17 %£0.07 0.35 +0.09 g
-19 " 2.09 %0.17 0.80 *0.17 g
-1n " 1.73 + 0.20  1.17 # 0.47 g
-1b ! 1.64 * 0.05 0.54 *+0.04 g
~lc " 1.27 *# 0.07 0.55 %0.12 g
-1d " 1.83 % 0.11 0.70 +0.18 g

1.50 ¢ 0.56 + 0.21 g




_Table'Sb.' continued

S I

~ Mean and RMSD

Sample Color Ta _ sl
-la  bl-gr. 0.20 t 0.02 - 663.7 t 26.3
-1 " 0.13 % 0.0l 227.5 ¢ 9.1
-lc oo 0.16 * 0.01 . 333.8 % 13.3
¢ " 0.19 * 0.01 140.4 t 5.7
~le - " 0.19 ¢+ 0.01 210.7 £ 8.5
-1f " 0.21 ¢ 0.01 300.2 + 12.0
-3bl " 0.19 * 0.02 534.9 + 24.1
32 " . 0.17 * 0.01 204.6 * . 9.5
-3b3 " 0.15 * 0.01 203.0 * 9.3
~3b4 " 1 0.18 * 0.01 405.5 * 18.4
~4a " 0.17 ¢ 0.01 152.0 + 7.3
-4b " 0.12 ¢+ 0.01 779.8 + 36.8
=19 " 0.38 + 0.03 '~ 964.3 t 43.3
-la " . 0.57 + 0.06  6,565.6 * 981.7
-1b " 0.22 + 0.01 67.6 + 3.1
-lc ' 0.33 + 0.02 . 1,701.2 + 76.0
-14 " 0.49 ¢ 0.03  2,350.5 * 105.1
0.24 *+ 0.13 929.7£1,575.0
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Table 5c. concluded

fSamnle Color

-
S 8

cr
-la  bl-gr.  39.3 * 8.1 4.00 £0.38
"S1b . " 11.7 * 4.8 5.09 *0.23
-le " . 21.8 t 6.2 3.17 *0.29
“1¢ . ™ 21.8 % 4.3 2.19 £0.20
“le . " 21.2 * 5.4 3.35 +0.26
-1f " 25.1 t 6.0 3.57 *0.28
~3b1 " 20.5 % 6.6 1.40 *0.32
~3b2 " 28.8 ¥ 4.4 1.73 +0.22
-3b3 " 19,5 * 2.7  1.46 *0.14
-304 ' S 15.1 % 3.9 1.45 *0.20
-4a co bl. 11.3 * 5.1 5.51 *0.25
-4b Lo 1103 £ 7.1 3,38 £ 0.34
-19 " 39.1 14.1 2.92 £ 0.69
-1a " 14.5 t34.5 0.89 *1.78
-1b " 17.1 t 3.2 1.69 *0.16
~1c "1 9.0 t B.6 1.29 *0.42
-1d " ©39.9 +13.6 1.91 +0.66
Mean and RM3D 21.6 *10.0 2.65 #1.37
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‘Notes to Table 5

a. ‘All data are giﬁen in parts per,million unless otherwise indicated..

b.

Imprecisely-determined,élements are’excluded from this Table and from
comparisons basedvupon it. In Seriés‘A; elements:for which'a mean
concentfatidnvcould be determined are, with mean and root mean square

deviation: Ca, h.52 * 1.87%; Cs, 1.48 £ 1.20 ppm; V, 103.39 * 41.51

ppm; Sn, 99.1 + 87.0 ppm; Bu, 0.55 + 0.21 ppm; Hf, 4.3 % 2.5 ppm; and

Tb, 0.30 * 0.10 ppm. Apprqximateiﬁpperilimits of concentration were
estimated forzééries A beadsvfor_the féllowing'élemehts, #ith upper
limit énd representative counting error: Cu'in cobalt blue beéds;
1500 * 200 ppm;‘In, 2 + 1 ppm; As, 200 i_120Appm; Ag, 3+ 2 ppm; If,
d.Ol 1'0;02 ppm; Hg, assumiﬁg none is lost in the reactor, 1 * 1 ppm;
Mg, 2 * 3%; W, 3 £,3 ppmg K, 2 * 1%; Sr,'600'£ 500 ppm; Ga, 300 150

ppm; end Zn, l?d + 70 ppm. Pb was determined by X-ray fluorescence

~analysis on groﬁped samples.fromASeries A, giving the resﬁlt v 0.03%.

Root Meanquuare Deviation (see Chapter 3).

Glassmakers' additive, or-an element the determination of which is

.interfered with by a glassmakers' additive. Such elements are used

in comparisons where appropriate.

Applicable to blue-green beads.

Applicable to cobalt blue beads.

Elements vchosenvf_cSr Table 5c were those chosen for Table S5b in order to.-

allow comparisons. This procedure has resulted in the inclusion of

~some elements in TableScwdﬁch are imprecisely determined, according

to the étandgrd set forth in note b. No precisely-determined elements

were omitted from Table 5¢, and, aside from the exceptions indicated




i

above, imprécisely-aeférmiﬁed elements wéré,excluded;‘ Elements for -
which a méan_goppenfrati6n in Series,B_could be determined are, with
mean and root mean‘square deviétion: Ce, 7.9h_:_l;66%; Mg, 0.73 + i.QO%;
st 1-,'1_337'._1_: h16ppm§ As, 452.1 + 458.7 ppm; 'La; 5.31 + 4.07 ppm; Iu,
0.16 'o'.'27 ppm; Nd, 2.14 + 7.84 ppmi Mo, 5.67 + 7.13 ppm; Ef,
'2-:v2’ppm;‘S§,}82;6 i169.5 ppm;v;nd Ni,;h98 ¥ 353 ppm. Approxihate
upper”liﬁits'ofvconcentrﬁtion were éétiﬁated for the Series B beads

for the foiléwing'eleﬁents,‘given ﬁith upper limit and §‘representa—
tive counting error: Cu, iﬁ cobalt blue beads, 260 + 100 ﬁpm; v,
6hvi’h0'ppm; K, 4 1121; Ga, 400 + 90 ppm; In, 7 i-S'bpm; W, 3 + .3 ppm;.
AQ, 3 £ 2 pﬁm;»Ce, 6 + 2 ppm; Yb, 5.0 + 0.3 ppm; Cs, 3.7 + 0.4 épm;

Ir, 0.00 i»0.0l_pﬁm; Hg, aséuming none is lost in the reactor, 1 + 1 ppm;
Bu, 0.9 % 0.6 ppm; Tb, 0.k % 0.1 ppm; end Zn, 100 £ 20 ppm. Pb was
determined by X-ray fluofescence on grouped samples, giving a result

- of N 0;09% for Series B.

| Not'detgrminéd for sample labeled MJE—lé.

'Calgulated without MJE-la.
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CHAPTER 7. TRADE WIND BEADS

"And the manner of their traffic was this: they’
. came in small vessels named zambucos from the kingdoms
of Quiloa, Mombaca, and Melynde, bringing many cotton
cloths...and many small beads, grey, red, and yellow,.
~which things come to the said kingdoms from the great
klngdom of Cambeya in other greater ships....

' "The Moors of Cofala kept these wares and sold
them afterward to the Heathen of the klngdom of
Benemetapa...." ' 12

Duarte Barbosa c. 1517—1518
from Demes (1918:6-8).

Introducﬁion~.

We come néw_to‘a~topic encompassing the beads of the Portuguese
peribd-which haye been mentioned in prévious pageé. This is the topic of
.trade wind beads. |

The glass beads typically found in East'African medieval to fécénf’
boastal sites and in Sbuthern African Later Iron Age inland sites have long
been recognized té.form a series, albeit poorly aéfined (Beck 1930, 1931,
van ‘der Sleen 1958 1960, 1967; Schofield 19&2 1955, 1958 Robinson 1959,

: Garlake 10(8) Van d@r Sleen, and to some extent Beck, claimed to recog-
nize the seme series in many port towns around the Indian Ocean. Because‘
of its dlstrlbutlon in ports favorably 51tuatea to take part in commerce .
regulated_by the monsoon, or trade winds, van der Sleen named the series

"trade wind beads" (1956).

The concept, "trade wind beads", has been used vaguely. As presented -

by van der Sleen (1960, 1967), it covered material spread over two millennia;

and the writer has observed that the series, as van der Sleen saw it,

12H.'E. J. Stanley, a translator of Barbosa, places the d@te'of this

writing c. 1514 (Barbosa, c. 151L).
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3 The writer observed that the Asian and

~ includes disparaﬁe ﬁatérial.l
Afficap glaés begd assémblggesz as a whole, do not resemble one another
visﬁéily and ﬁypologically, beyond resemblances ascribable to the fact
that the ﬁaterial is>gléss, in its traditional colors. The vast majority

of &1l these beads maj be described as monochrome, opaque, and simply con-

structed. In this report usage of the term "trade wind beads" is hereafter

restricted'to the assemblage_which is found in Africa and which is char-

‘aCterized in this chapter, unless otherwise indicated. A further discussion

of the Indien material appears in Part 2 of this Chapter.

Part 1. Trade Wind Beads

Description of Beads

A visually recognizable'seriés of glass beads, the trade wind beads,
link;;manyhlron Age afchaeoldgical sites of southern and eastern Africa, as
diécussed Belbw. These beads are usually rehéated céne beads, but é small
percentage is wound. They occur in the traditional édlorébof glass: Indian
réd, blﬁe—gréen, green, yellow, black, orange (amber), and cobalt blue.

They also occur in a greenish-yellow coiorA(also called "pearl"), which
might be interpretabie as an'ﬁtteﬁpted white. The beads are opaque to
translucent, and with slight magnification (72x) bubbles or vacuoles can’

: usually be‘seeﬁ in the'glass. In sbme examples, which contain little to

no opacifief,-the.bubbles aléne are apparently sufficient to make the glass
translﬁcent‘to opague.

The trade wind bead series is'shown in‘Plaﬁe IV. This series is

visually reccgnizable, and the author made a special'effort to gather
13

This finding is based on inspection of glass bead assemblages from over

" thirty Asian sites, mostly Indian, including many named by van der Sleen.
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Plate IV. Trade Wind Beads.
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samples from it. The élaim thaf the series is'visually recognizable seemé
substénfiated-by the fgct that of one hundred and fifty four Beads analyzed
by #he‘gufhor asvsamples of éfade wind beads, one hundred and thirty thfee
fell into a éingle, though.brbad,vchémical.gfoup. The remainder were sim-
.ilar. Thqiséries, and_the'chemicaligroup, include the JijiJely of Madagas-
car (Thie%ry 1961) and a number of beads from archaéologiéal‘sites'iﬁ the
Philippine Islands (Fox 1970).

Results and Discussion

Oné.hundréd.thirty three beadé from twenﬁy one sites.(Figure 11)
were found to fall tqgether in a single chemical group; on the basis of
results of neutron activation analysis. This chemidéi group is entitled
the Trade Wind Bead Chemical Group, hereafter abbreviated TWBCG, and it is
presented in Table 6. | | -

Most of the,beadsvofffhe TWBCG are reheated cané,beads. The excep-
tions are: KIL-IRll, a wound biconical’bééd; KIL-IR1lL4, a wound conical-
lenticular bead, and KAB-10, probablyla wound bead, obléte in shape, plus
a number of beads yith_smoofh,uflat ends, which make it difficult to tell
if the& have been reteated or not. Theée latter include the beads from
Dhlo Dhlo (Chapter 6), whiéh appear tolhave been baiely'reheated, as well
és the beads from.Modjadje's location (Chapter 6) and the beads MJE-5,

-—Sal, _3a2, and -3a3'fr§m,the Mjelele Valley Burial (Chapter 6), which hed
flat'ends as if worn flat. The three beads MAK-1, -2, and LUS-1 also dis-
play flat énds. | |

A disfihguishing feature of fhé.TWBCG.isvits content of the element
uranium. The mean uranium concentr;tion in these beads is 112.43 % 54.91

ppm, an.unusually high level for man~made glass (Fleischer and Price 1964).
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Figure 11. Distribution of nuclear (@) and peripheral (O)
nembers of the Trade Wind Bead Chemical Group. The
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Thé 6ﬁe hundréd thirty_three beads in Table 6 may be called.the
nuclear members Qf the TWBCG,being:characterized by detailed chemical
analysis (neutrqn activation)f >Injéadition, seventeen mofg beads from éix '
more siteé_(Figure_ll, Table B)Jare éqnsidéred £o be éeripheral members
of the TWBCG; These sevénteen beads aré'considered ﬁeripheral because
tﬁéy received a less dgtgiled analysis‘(x—ray fiu§rescence).. These seven-—
feen_beadS'resémble-the‘npcleér mémﬁefs_in appearance and in the results

of X-ray fluorescenée analysis, particularly in the presence of the element_‘

uranium,.detected by X-ray fludreséenée.analySis (Tabie 7). In order to

be detected;‘the uréhiﬁm must  be &.50&70 Ppm or more. The peripheral bteads
do not enter into-ahy meahslér other calculated-paraméters representing
the nuclear_éroup.!'They wefe;nqt giveﬁ.neut£on activation analysis, ususally
because destruction was not desired, or Becaﬁsevdurisamples_wefe too few,

or ﬁere poorly documented. |

| "Ehe resultsIOfAX—ray fluoreScenée éﬁalysis of the seventeen peri-
pheral groupfmemﬁérsbére freéented in Table 7.'rIﬁ order to facilitate com-
\'pafisdn.qf periphefal-with‘nuclear members of»fhé TWBCG, Tabiés 9 and 10
bpresént.thé'fesults pf X-ray fluorescénée analysis of two typicalvsets of vv
nﬁélear tréde'wind beadé, those from Foft Jesus and from'Luanée. As the
lsbels indicate,vthefbéads shown in'Tébles_9 and 10 ére the same individual
beads are shown in»Table'S; | | .

v Tabie 11 c§ﬁtgins‘the.resﬁlté-of,néutrqn activation analysis of
.ofhef béadé analyzed';s a"parf éf'the tradevwindvﬁeadvstudy. The beads pf
vTéble‘lld fesembl¢ th¢ members 6f the TWBCG visually, chemically, and in
geographipai>diétfibutign.: Ailvgré_opaQué to translucent reheated cane
beads,.except thét BUTf17SA and BUT—l?SB are trénsparent,'KIL-HKCV3 is a

wound spheroid, énd ING-B8 is unreheated with flat ends.
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| Howevér; the beads of Table lla do not show the elevated wraniun
concentration typical of the TWBCG. When the distribution of wranium con-
centrations iﬁ the TWBCG is plotted as in Figuré 12 (solid lines), the cbn-
"centratlon ranges <1 and 1-10 ppm are unpopulated and lie at the extreme_
tail of the d;strlbutlon. If the beads of Table lla are added to the
plot (Figure 12, dottedvllnes), a notable clump is created at the tail of
thévdistribution'in fhé cdncentraﬁion ranges < 1 and 1-10 ppm. This
'clump contains a larger number of sahples than’oné might expect at
“the tail of a3hormal diétribuﬁion; This clump cgﬁ be'ﬁnderstOOd and oﬁitted
if.one maintains that the 1§w-urénium'bgads do not belong to the distri-
bution. | |
. Table 11b contains the,results of analyéis of.four very‘transpar-
enf,ibrightvgreén beads.vahey aré cdne beads with fiat énds, except that
VMJE-Ql# appéaréd feheafed. Belng brlght and transparent they look very
different from the trade w1nd beads. They also show chemlcal differences
vfrom the.TWBCG,'particularly in,manganese‘and ytterbium.
.The beads of Table 11 are*prdviSionally excluded frdm the TWBCG
- as tﬁis gréup,is-presently,understood. However, the résemblance of.tﬁese_
beads to the‘TWBCG is mgrked. Future reséérch ma§ résuit in avchaﬁge in
our understanding of the TWECG'and inAoﬁr disposition of the beads of
Table 11. | |
It should'not.be-considefed disturbing'té gncbuﬁtef borderline
cases as in Table 11, for'such cases gré inﬁerent ip ﬁ classifiéatory
approach.vahe.fact that thesé samples are borderline cases.is information
in its own righp.' It ouf basic assumption is cprrect, that‘marked chemical
resemblances afe_due_to a commonality of manufatture, then the borderline

cases may be regarded as closelylrelatéd'to the TWBCG.
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Figure 12. Distribution of uranium concentration in the
‘Trade Wind Bead Chemical Group. The mean is 112.43
+ 54.91 ppm. See text for explanation of dotted bars.
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The glass of the TWBCG is a soda-lime glass. The sodium éontent
averages 1L.96 * 1.53% , and the calcium content averages'i 5%. The addi-
tives in common use were cqﬁalt, zinec, copper; tin,.iron and lead (the

last by X-ray fluorescence);'Mhnganese was very rarely used. Antimdny was

not used. The additive tin seems to be sometimes.used, and sometimes omitted,

in blue4green or green, greenish-yellow (pear1), and Indian red beads. All

the yellow and orange beads d15pléy sufficient tin to.indicate'intentionél
use.
The TWBCG'dOes not fall systematically into mesningful Subgroups_

based on close chemical resemblance. 'Some-small'subg:oups may be found.

For example; thé two Indian red beads~fromimanunggol, MAN—23Al'and MAN-23A2,

show about faur times the amount of cobper colorant usUaliy encountered‘in
cbpper—golo:ed beads-qf'the TWBCG;i The.te# beads from the Gereza locality
of Kilve form a rather tight subgroup within the TWBCG. DAM-la, DAM-1b,
and DAM-1lc gfe very much alike, a8 are MA‘I‘-Q_‘GRY20',"MAT‘-GRY21,,‘ and MAT-GRY22.
The seme may be said for VOH-T end VOH-8, for KIL-IR12 end KIL-IRL7, for
KIL—iRlS} KIL~IR16, and KIL-IR18, for KIL-MBG and'KiL—MBG3, aﬁd for KIL-GRYY
and KIL-GRY6. :Othepvsmall subgroups could bé found. |

It ié ndt surprising that small clusters of samples like these
might occur within the TWBCG;- However, there is hq.clear evidencebof'a
pattern perméating the TWBCG by which'it,might be broken into mutually
exclusive, éignifibant, andvinterpretable subgroups. For instance, the
Beads,do'not fallrintq_subgroups that represent sites or colors, or more

- 1k
properly, groups dictated by the glassmakers' additives. Whether the
1% ’

Naturally the beads could be placed into subgroups according to the

glassmakers' édditives;‘-But we are trying to build a classificatory system

#
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Beads aré grouped 5y_site 6r:by'célor, in either éasézthe mean concentra-
tions and root mean équaré deviations for mosf‘elements are very similar
(Table 12). - Other things being equal, it is possible to take the mean |
of the root mean squa:e deviations~for eaﬁh gréuping as a meésure of the
heterogéneity inka,groﬁping, 'Wheh.this_is done the hete?qgeneity of color
grqupingé is only-slightly'éreater'than that of site'groupings on the
aVeragé (Table 12). -

’_Bylﬁo means136 wé wish to leave the impreésion that all members of
the TWBCG were made invfhe same glass batch. The differences among the
grbup mémbérs are~Sﬁffici§ntly étrong to indicate emphatically that samples
from many bafchéé ére présént. There~is a fair consistency in apparent
cbioriﬁgvrecipe,'wi£h bgc§sional marked divergenceg. For example, in
' beads cqlored with copper, the additive is_preéent in the tenths of percent
renge of cdhcehtrafion; aVeraging-about_O.S%;. However,vin two coppef—col—_
ored bgads, MAN—23a1:and:MANf2352, tﬁe}cdppéf is about four times as high;
These two beads show other peculiarifies (Table 6).

-.Anqther‘exaﬁple of'd possible‘divergenée from recipe is the appar-
ently raré use of maﬁganese. Leaving put‘ﬁhe four exceptional cﬁses, the

manganese a#erages h13 + 138 ppm. This is less than half of the amount‘

lh(com:im;ed)_ whiqh ﬁsees through" thé_colors or additives. When looking
for.chemicalvsubgroﬁpsvother than (croés-cﬁtting) those of color, we remove
the additives frém'gonsidération; To-say'that.the beads do not fall into
sﬁBgrqup$ representing colérs mééns that; when'the additives are left out
ofvgonsideration,‘it:is_impossible to tell from the.rémaining‘elementé

what color the beéds were.‘.This-fact may.intérest those concerned Vith

cases of porrelations between trace elements and gldssmakers' additives.
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which ié found, on the'awerage,-in'the earthfé‘crust,fm 1006 ppm (ﬁasonA'
1958:44). In other beads %hat‘wé have-analyéea,‘manganese can clearly be
recognized'as an addifive_by'its caniste@tly'high4cbncentration, in fhe
tenths of pércent and peicent‘ranges (Chapters 8 and 9). There is thus
little reason to think that manganese wés added deliberately to beads of
the TWBCG. However, therelaré.foﬁr cases in the IWBCG-in,which manganese

lies in_the'tenths’of percent range. These.are one black beéd (MJE-15b),

one yellow (KAB-10), one orange (FJE-AT-1), and one cobalt blue (DHL-1352f).

Since there.is no cqlor'pgttern in the occurrence of such high mangenese,
these‘instances'might be ascribed to factors othér than recipe;. |

In sum, at the p;eéent time, it may be convenient to_think-bf the
TWBCG as an n—dimensiohal space in which the bead samples are scattered |
according-to no consistent or_faf-reaching pattern that we have yet recog-

‘nized.

Distribution, Dating,»and Origin. The sites wﬁich yielded beads
belonging to the TWBCG are listed in Table 8, and the distribution of these
sites is shown in Figure 11. Teble 13 giVes the‘datiﬁg of the beads, as
dated at the éites;of_occurrence.. | |

The dateé range from ¢. the eleventh century at Bambandyanalol5 to
c. 17OQ at such site;'as Dhlo Dhlo. The possible_nineteenth—century oceur-

rence at the Gereza (Kilwa) is not firmly dated on account of the thin-

ness of later deposits at Kilwa (Chittiék 1968). The occurrence

lSEngaruka yielded two earlier radiocarbon dates, 330 + 90 A.D. (GX-348),
and 720 + 120 A.D. (GX-347), but these are regsrded with skepticism
(Sassoon 1967, Phillipsbn 1970), and in any case did not come from the same

terrace platform (AS) whence came our sample.




;.159.'.

¢..1937 as helrlooms in the Transvaal is firmly dated .but is not strlctly‘
'archgeologlqal. Thus, the entire span over whlch the TWBCG occurs is
approximafély nine hundred years, and the main archaeologlcal span 1is
approx1mately 51x hundred Its datlng in the Phillpplnes, although unclear,
covers 51m11ar centurles of the second mlllennlum A D. (Fox 1970).
If_these:beadS'span'some-slx.hundred years,:lt seems inappropriate
to think that thére Vds dnly-dne sgent responéible for their importation,
“or indeed their manufacturg; 'Six hundred years is 1onéer then the time
span oflsdmé”Civilizaﬁioﬁssvndt fo mention glass fd@torieé.v As has Been
_discuésed in Chapter k4, if a béad grddb cap_épan such a ;dng period of time
then it wodld ndt bé,éé usefdl‘an archaeoibgdcai tool as_héd previously'
been énfiéipned,'with'réspecﬁ fo‘ddtiﬁg-or'elﬁcidating trade routes.
| ' Howeyer, befdre drawing conclusions’fegarding the utility of chem-
icdl grodps of‘glaS§'beads, it is nécessaiy to rule out the pOSsiﬁilityd |
‘E.hat.;th‘é iqng_fi'me spé;n of the TWBCG may be' illusdry. Some beads may be
mistated; ihrodgh physical dispiacéménf'by natural agenté, on account of
inappropriaﬁe radibcérﬁon_dates,'or'bf having Béen kept.as heirlooms. If
individdal_beads coﬁid be‘dated,dthé resu;té may shed lightvon the question
bfvwheﬁher dr not fﬁe‘long time span of.the bead group is illusory.
N Many beads of the TWBCG contaln suff1c1ent uranlum to make possible
tlngvof 1nd1v1dual beadb by the f1851on track method. Such research is
v now_belng undertaken. It seems wise to postpone flnal Judgment on the length
' of timé that trade:wind beads'were belng made and‘expgrted untll this datlng
‘réségrdh’is dd@pleted€..In_the,meantime; if we gécept the dateg which are
now gdven'the.beéds, the.folloﬁing?éomdenﬁs are appropriate about the dis-

. tribution and origin of,thé trade wind beads.
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Because beads of the TWBCG oceur at'many sites,whiéh_post-dﬁte
the arrival of<the Portuguése (1498 A.D.), including some.sites which wit-
..neéses the actual presence'of‘the Portuguese, such as Kilwa (Quiloa), Fort

Jesus (Mombaga), aﬁd two of the Portuguesé'fairs in Rhodésia, or Mwene
Mutapa (Luanze and Dambarare), it sgems>likely that they were distributed
by’the Portuguese iﬁ-Africa. Indeed, the h&pothesis of Portuguese distri-
bution in Rhodesia of the visuall& recognizable series which our TWBCG |
repfesents hés already been expressed in the literature (Robinson 1961,
Garlake 1968), and in many personal communications.

The occurrence of béads of the TWBCG in pre-Portuguese contexts,

" such as Period II at Kilwa, beneath the tomb of 1399 A.D.'at Gedi, andbat
Bambandyanalo, would seem to indicéte that they ﬁere also distributed by
the (Arab) precﬁrsqfs of the Portuguese.

- This distribution ih'pre— and postefortuguese.sites is consistent
" with the distribution which was predictéd (Laidler 1934) for the beads which,
the Portuguese wfote, came from India.  Portuguese records of the sixteenth
and seventéenth céﬁturies indicate ﬁhat beads purchased iﬁ India could be
readiiy sold in Fast Africa (Barbosa c. 151k, in Dames 1918:6-8; e letter
of Botelho 1552, in ThéalA 1964 :III, 147; Lavanha 1597, in Theal 196411,
303;. a letter of the Kiné of Porﬁuga_l 1635-,3_1_ Theal 19‘6.h:1v, 262). Two
of ﬁhe records,lthose of 1552 and 1635, indiéﬁté that Africans preferred
the.beads'puréhasediin India}to other beads. It has been assumed that this
preferénce of the sixteenth and seventeenth centuries represents the per-
sistence.of a fashion which had beconme establisﬁed in the days of Arab
trade. If this reflects the trﬁe age of tﬁe preference, then the beads

‘purchased in India could be expected to océur in Sites pre-dating and sites
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post-dating the arrival of the Portuguese. The TWBCG fulfills theee dis-
tributional expectations;”and we are therefore given a clue that the TWBCG
may have ceme from India. ' '

Sic Transit Trade Wind Beads; .If'these beads might have been pur-

chased in India, one mighﬁ ask if they were made there. Not necessarily
(see Part 2 of this chepter).'-Prominent among the eources of beads named
by the Portﬁguese are Cambay in'India (Barbose [ lSlH, in Dames 1918:7-8;
Pires c. 1515:16)'ahd_p0351biy Arsbie ‘Felii,or Aden (see Piieé c. 1515:
16; Pigafetta c. 1589:576; Chittick 1966).' These were‘among the busiest
and most feque entrepdts-of the Indian Oéean. Like any modern entrepdt,
they handled»maey goods.thet did qot originate in their own hinterlandl6,

as isvclear'from numerous documenfseand travelers' aceounts (especially

see Pires ¢. 1515:7-47). Writing g:v1512—15, only eome fifteen years after
the first arrival of the Portuguese in the Indian Ocean and contemporaneously
with Barbdsa, Whoee deseription_of the trade_route from Cambay te Mwene Mﬁtapa is
given at the head of this chapter, TomévPires éaveeclear evidence that the

,_ehtrepgts of the Indian Ocean handled glass beads from the Mediterranean (Pires

l6Itvseems very 1ike1y that many stone beads, particulafly lathe-turned

aﬁd/or earnelian beads; originated near.Cambay (Arkell 1936; Barbosa c.
'1514:66; Pigafetta c. 1589:579; de Brito 1519, in Thedl 1964:I, 104; Correa
c. 1550, ig Theal l96h:iI, 26; de Albuqﬁerque lSlh; ig_Theal 1964:ITI, 1L46;
Pires ¢. 1515:16, 18, h3, 53). Many stone beads afe found in Indian arch-
aeoloéical eites; and some'oce%} in East African cdastal‘sites, such as
Kilwa, Pefiod 11, and at Vohémar (Thierry 1961). Evidence of the manufac-
ture of stone beads iefknown from the ancient period in Ujjain (Ghosh 1958).

Stone beads have been entirely outside the scope of this investigation.
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'1515'12‘ h3) He explalned that Venetlan galleys brought to Cairo, for
trade further east many Venetian artlcles includlng all sorts of glass
beads" (Plres c. 1515 13) He wrltes (e. 1515 12-13)

The merchandlse which these people17 teke to-

India comes from Venice in Italy. It comes to Alex-
andria, and from the Alexandrine warehouses it...is
sent to Mecca.... And from there it comes to Jidda
end from Jidda it comes to the warehouses they have
in Aden and from Aden it is distributed to Cambay,
Goa, Malabar, Bengal Pegu and Sism.
These sites are shown 1n Flgure 13.
| Any suggestlon of provenlence for the TWBCG is 1nextr1cab1y bound
‘up with,-and hamperedrby,.lts.broad dating,’ The TWBCG. is made from soda-
lime glass.'fAs is”wellmknown, glass of'thevancient worid was of thevsodae'
lime type. The conventlonal hlstorical plcture is that the ancient soda-
lime tradition passed dlrectly from the ancient to the medleval world in
the Near East. However, it is thought that the ancient soda—llme tradltlon
was lost in medieval Europe where pota351um glasses were made, with prob~
‘able exceptlons 1n:Med1terranean Europe, and other parts‘of»Europevwhlch
had contact w1th the Near East This would includelMuslim'parts of'Europe;
and centers of trade, such as Venlce. Eventually_with the coming of the
Renaissance the sodaelime_tradition spread from Venice and the other Italian
‘cities to the growing cities of Europe. Thus, the TWBCG, being a soda~-lime
élass dated so as apparently to span nearly the entire second millennium
A.D., might hawe come-from virtually.anywhere in the developed world of
the second'millenniumlA.h., except northern mediéval Enrope.
| The broad,dating_of the‘TWBCG hampers suggestion'of a focused ori-

gin. Were it_OnIY'post—Portuguese in date then Europe would be a likely

17Probably Egyptians.
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Figure 13. Some entrepSts named in Portuguese documents.



e

source, considering its véry frequenﬁlprésénéé in Porfuguése‘sites;.iﬁ;
cluding Portugueée fairs in Rhodésia.‘ Were'if only medieval in date,

then the medieval Negf East, Mﬁslim parts of Europe, or medieval European
center§ of commérce Vith the'Muslim Nearansf,lsuch'as Vénicé, might'bez'
reasonablévSuggestions. Pre—Portuguesé'Arab commerce could_wéll have dis-
tributed Venetian beads in thé Indian Ocean région;_Venice was notoripus

for her commerce with the‘"infidei", and documentary evidence of the exis-

tence of her bead industry dates back to the end of ﬁhe thirteenth century

(HetteE 196Q:15) and eaily fourteenth pentury_(Gasparetto 1958:183—h). .On
the other hand, the medieval Arabsvwere kﬁown»fér théir glass manufacfﬁré;
and. an export coﬁmerce in gléss trinkets is indicated in medievalvsources
from the Arab world (see Lamm 1930: exc.,2h;,hl,_56, 793 Mauny'196l?21—50).
However, anyvattempt at identification of "documentary'beads" with "arch-
aeological beads" is‘fréught Vith uﬁéertainty because'"docﬁmentary beads"
are never satisfactorily.q§scribed. - |

‘The hypothesis of Indian manufaqture of‘tradé wind beads, which we
shall discués in Part ‘_2'of this chapter, has been ill-founded since its
ihception, and is neither proven nor disproven. -

A hypothesis of origins of the TWBCG muét‘rést 6n firm archaeolo-.
gical data and chemical.comparisons. With respect to medieval and'post—
medieyal soda-lime glasses,'tﬁé convéntional_glass_history résté lgrgely
on stylistic and historical étudy and inference, rather than on chemical
data. For example, fhe best known single work on_glass of_the médiéval
Near Esst is styliétic~and historical in nature (Lamm 1930). Published

chemical analyses of glass'known or even thought to have been menufactured

in the medieval Near East are too scant to form the basis of an interpretable
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comparisdn betweep.fhem and our ﬁeSuits. We are in ve}yvgreat need of

déta from faétory sites;—data‘that is comfarable to the work presented here,

. in respgcts of érchaéological documentation, analytical precision,(énalj—

tical écéuracy, elgmgnﬁs_deterﬁined,-and numbers of semples analyzed.
Inxthé;abSenCe of interpretable compafisoné and narroﬁ dating, we

have_nb'ﬁasis fqisgggestva focused‘prpfenience far the TWBCG._ We conclude

. thét its source cannot Bevspecified_until ﬁhere mey become available a

useful humbér of gomparablerrésults qf,analyéis‘of a:qhaedloéicall& docu-

mentéd-samples; from archaeologically documented factory sites.

Part 2. india and the Origin of Trade Wind Beads
' As discussed and cited in Part 1, the beligf that trade wind beads
_wefe made in India originated with:Beck. Itvreceived elaboration in the
writings of_Séhofieid and van der Sleen, and,thevevidenée of Portuguese
doquments_(discusééd in Part 1) made the hypothesis seem élausiblé.

Very littlé at all is known archaedibgically.of fhe medieval to
modern period-ih Indié; c. the tenth to nineteenth ceﬂturies A.D. Until
receﬁtly there haé béen.véry little interest inbthis period, usually called
thé "Muslim" period, but itfhoped that the future will hold some informa-
tive excavaﬁionS‘of well-preserved "Muslim" sites.

The author éxamined glass beads ahd similar glass material from
somé’thirty Iﬁdian archaeological sites, mostlyvancient; and fqund that
the Indian material as a whdleqdiffers.frpm the Affigan..-No pattern.of
visuai_resemblance_of.Indiah to African'glgss beads was discovered. More-
’ove:, the'fesulfs of X%réy fluorescénée énalysis, presented below, are con-

 sistent with this visual impression of untelatedness.
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Most Indian glass bead assemblages of significance are ancient,
belonging to the last centuriés'B;C. and the first centuries A.D., (per—'
éonal observation; Dikshit 1969) and therefore not comparable.ﬁO'the
African assemblages, which are medieval to modern. In view of the chrono-
logical disparity, it ié‘nqt surprising fhat no péﬁtérn of resemblance
was found. |

Although it is a‘digressiOn;‘a briéf description‘of-ancient:Indian
glass beadé'may.be»of interest; This period is known'inilndié as the Eérly
Historic Period;nand;‘in é:wide sense, datés from ¢. sixth céntur& B.C. to
c. the sixth century A.D. A tYﬁical assemblage,‘which'haé béen published,
is that of Nevasa (Sankalie et g._l_ 1960).

The ancient Indian glass bead assemblages show & mﬁltiplicify of"
shapes not found or raré in medieval to modern sites of Africa. For example;
| collared beads ére nearly Ubiquitous>in India, as are fablet—shaped beads |

(Figure 14). Also frequent:afe melon Eeads;vb10wn:beads, beads apparently
containing a layer'of>gold foil, opéque red beads covered with a thin
~orange nohvitreous crusﬁ, polychrome beads, blﬁck and white inlaid beads,

various faceted bea@s,vand simple reheated and unreheated cane beads (per- .

sonal observations; Dikshit 1969). In contrast, it is mainly the cane beads

which are typical of East African sites{ Indian assemblages typically have
‘many stone beads, but tﬁeéé forﬁ a8 small percentage'of the East African
aésemblages. |

The anciént Indian glass béads shoﬁ many interesting typological”
correspondences .- among different ancientlsites, and seem worthy of consid-

erable further study.
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‘Figure 14. Diesgrams of some Indian bead profiles: 1) collared
" bead, 2) profile and perimeter, tablet bead, 3) melon bead,
'4) section, blown bead. '
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With respect to the medieval period, India has.né large,>acéesf.
sible, well-documented glass bead assemﬁlages secﬁ:eiy daﬁed_té_this fimesﬂ
¢. 600-1600 A.D. The excavated medieval glass bead matefial.obséerq byb
the author in India consisted of samples which are unréliaﬁie, ei£her due -
to their small size or toltheir incomplete d0cumentation;A Thié‘maferiél .
ié briefly listed below and the sites may be located in Figure iS.v'TheA
material consisted of the following: 46 beads from Nagara,(cited béiow)_
of which the majority may be anciént (the author is unable to rélate thé‘
detailed labels of the beads to the stratigraphy at the site until thé.
latter may be published); 4 beads, numerous bahgie fragments aﬁd glass
chunks from the incompletely documented site of Maski (Thapar 1957; Dikshit
1969); about 100 glass beads from the unpublished site of Kadkal; some 31
glass beads from medieval Kanchipuram (discussed below); some h3lbeads |
from the medieval locality at Kaveripattinam, Vellaiyam Iripﬁu 1T (Raman

1968), and some 90 beads from the Muslim-Marathi layers at Nevasa (Sankal-

ia et al. 1960). Other medieval contexts, such as the Medical College Site

at Baroda (Subbarac 1953) were examined, but these yielded no beads.

The above medieval glass bead material totals about 300 beads. A
detailed typological census was not taken, but much of the materiél consists
of reheated czne beads in the traditional colors of glass.v It shows no
marked visual resemblances to the Afriéan material‘beyond general‘likeneéses
due to the fact that the beads are glass. Vhere the material is well-doeu-
nented the author requested samples for analysis, but with ﬁegligiblél
respeonse. The author did not sse the uhpublished naterial froﬁ Kolhzpur.,
but Dikshit (1969) discusses it. He gives little idea as to tﬁevextent of
the material, but the beads he describes as typical do noﬁ occur in African

sites as far =3 the author is aware.
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" Figure 15. Indian sités mentioned in text.
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"The medieval assemblages above seem to contain'bead styles that
are typicglxy anciént in India. The published census from Nevasa, for
example, indicates that fhe béads of the Muslim-Marathi period are not
distinguishéble, as a clésé,.from the beads of the much earlier Indo-
Roﬁan ﬁeriéd aﬁ the same $ite (Sankalia et al. 1960:355ff). . This brings
us to the subject of bead chronology in India.

The chronology of Indian glass beads ié difficult to understand;
for many of the same bead typés seem to occur over long peridds. For
éxample, one éasily.recognizable style, a reheated cane.bead of clear
green glass over an opaque yellow ;ore, also known as the "yeliow matri#"
bead (Sankalia et al. 1960), seems to occur in archaeological sites over
a time sp:ead‘bossibly as great as 1800 years.' At Nevasa.this bead occurs
in the Indo-Roman, or Satavahana, énd Muslim-Marafhi'periods, i.e., c.
first century B.C. to ¢. third century A.D;,_and c. fourteenth to eighteenth
centuries A.D., respectively (Sankalia et al. 1960:355; Dikshit 1969; per-
sonal observation);' It occurs in Satavahana (c. 100 B.C.-E: 200 A.D.)
layers atvNasik (Sankalia and Deo 1955; Dikshit 1969; personal observation)
and Ter (Dikshit 1969).' It occurs among material dated from c. 100-c. 600
A.D. at Akota,vancient Baroda (Subbarao 1953). Here the bead (personal
observation) came from a layer (layer T in Trench II) which partly under-
lies a brick structﬁre.bla¢ed in the third.or fourth centuries A.D. (sub-
barao 1953).

On the abdfe information alone this bead tyfe might -seem to belong
to the Satavahana or Indo-Roman period, c. lOOIB.C.—g: 200. A.D. But this
bead also seems to occur in later contexts. It occurs in the Muslim-Marathi

layers at Nevasa (Sankalia et al. 1960). Dr. M. G. Dikshit showed the
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author'one‘which hé'said'belonged‘to the Bahmani period at Kolhapur,
Cc. 1435-1518 A;D‘. i |

Ih bangle férmAfhis élear green over opaque‘yellow design was
observed by the author in material from Kanchipuram dated tovg:‘850-1350
A.D..(Raman 1968) and in material from Maski énd Kadkal, c. 1512 A.D.
(Dikshit 1969). B .

| The beads.ﬁéaring thi§ deéign look exceedingly alike, as ifvthey
had the same manufactpring‘ofigin and not merely the same design. Tﬂe
question thus arises that arose in the Affican»contexfz whether the long
time span of certain'értifacts is‘illusory 6r not. |
The chronologicél difficulty described above seems typicai. The

chgin link bead, a style which, accordiné t§ Dikéhit (1969), is character-
istic of'the Bahmani period, 1435-1518 A.D;, was observed by the author
bearingbthe'label "230 B.C.-285 A.D." esmong the material from Maski at the
Hyderabad Museumn. Many other similar examples could be given.

Cléarly these‘aré prbblems for chemical'analysis; but it has proven
:quite difficult to §btain specimens for study oufside India. The green
over yellow.bead from_the Béhmani layers at Kolhapur was analyzed by X-ray
fluorescence. Tinvrather than antimény appears to hafé.been the opacifier
in use (Tabie l6).v This,iSﬂalso'true of the Eangle‘frégments of Maski and
Kadkal (Table 16). If the sgme.is true of the beads from the Satavahana
period;_tﬁen the Satavahana and 6ther ancient occpfrences'would appear to
be quite early examplés of the use of tin opacifiers.

The clear;greén over opaque yellow bead style, so widespread'ih
India, was obsefved ét oﬁe site in Africa: Mafia, where five examples

occurred in the form of reheated cane beads (Chittick 1967; personal
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observation). This is the only noteble similarity that the author found
A‘between assemblages Qf,the two continental regions. Tb.bé sure, monochrome
reheﬁted cane glass Eeads_found in Indian sites of any period might go |
unnoticed in a medieval,African assemblage-Qbut so would many an undecorated
potsherd from many pérts_pf the world, and it is fisky to base & hypothesis
on such nondescript materials as monochrome cane beads occurring in the
ba31c, tradltlonal, globally-dlstrlbuted colors of glass.

Although we have no comprehen51ve archaeologlcal picture of medieval
India, or of its glass beads, some fragmentary evidence of glassworking
duriﬁg this period haé been revealed. Possible glassworking sites of the
medieval periqd are Mgski, Kadkal, Paithan, Sirpur, Nagara, and Kanchi-
puram (Map, Figure 15).

Maski and Kadkal are eleven miies distant from one -another and yield
quite similar glass material,'including chunks, lumps, béngle fragments,
and beads (Dikshit 1969; personal obse?vatién). vThe sites are dated to
c. 1518'A.b..on the'basis of impressions of Vijayanagar coins said to.have
been found at Kadkal (Dikshit 1969). Maski has been partially described
(Thapar 1957:16), but Kadkal has not. A

Paithan (upfublished) yields material similar to that of Maski and
Kadkal. Althoughvthe site is'usually considered ahcient, the writer observed
sherds of apparent Chinese celadon and Blue—and—white wares among the mat-
erial from that site, and the site figures in medieval histories as a trad-
ing center (Sinha-196h);

Sirpur (unpublished) is numismatically dated to 2; the thirteenth
century A.D. (Dikshit 1969). It yielded crucible sherds lined with glass,

as well as glass artifacts of both monochrome and polychrome design.
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Nagara is a site.tﬁﬁ miles north of Cambay in Gujerat. It yielded
glass lumps and a.pparent slag. The site was exca.vated by Mehta, has been
partially descrlbed (Ghosh 1966, 196T; Mehta 1962), and is currently
pndér study . | |

Kanchipuram is a historic South Indian city. Its exact time of
origin is unknown, but it.has apparently existed continually throughout -
the two millehnia A.D., and it still exists today {(Subrahmanysm and Raman
1967). The glass specimens examined by the author were dated c. 850-1350
A.D. (Raman 1968) and would thus belong’to the Chola period, c. 850-1300

(Panikkar 1963; Sinha.196h). This find is interesting in view of
Chau Ju Kua's statement that the Chola kingdom exported transparent and
opéque'glass (Hirth and Rockhill 1912:96). Tne nature of production at
Kanghipuram is unclear; but the artifactsiincluded transparent and opaque
glass, as well as .two giass-lined.cruéible'sherds (personal oﬁsérvation).
The site is currently under study, and glass samples have been promised us.
‘Results , 

Tebles 15 and i6 present the resulfs of Xfray.fluorescence analysis
of‘samples from four 6f the six possible medieval gléssworking sites. Also
presented are a few glass samples from the Indian Early Historié Period, aé
well as samﬁles frqm the surface at Kaveripattinam, port of the medieval
seafaring Chola kingdom (Ghosh 1965), and possibly extant as early as the
first century A.D. (Panikkar 1963).

Thése data.may be compared with the results of the same type of

analysis of beads of the African TWBCG from Fort Jesus and Luanze, pre-

sented in Tables 9 and 10..
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Discussion

Certain géherai similaritiés are apparent between ﬁhe Indian samples
and beads of the TWBCG. - All the_speéimené aie apparently made in a tra&i—
tion in which tin rather than antimony is the opacifyihg agent. Lead ié
used as'an additive réthér.than as a basic inéredient.

Howefer, thére are imrortant specific'differences between. the
Indian samples ana the TWBCG. 1In fhe latter, manganese is rarely used.
Black, in the TWBCG, is almost always created by an excessively dark green,
un effect due to iron. However, mangencse is appgrently the agent used to
give biack in the specimens found a£ Kaveripattinam. In trade wind beads
thevzirconium, stron£ium, and barium consistentlj run around 040140.03%,
0.02-0.03%, énd_0.0h-0.0S% respectively. The concentrations of these ele-
Tients in the Indian samples do not follow this pattern, nor do they exhibit
a pattern ofvtheir éwn.

In none of the Indian samples was uranium'detected, whereas it‘was
; usually detectéd in beads of the TWBCG. In the latter, the average uranium
is 112.43 £ 54.91 ppm. This is well sbove the usual threshold (v 50-T0
ppm) for detéction of uranium by X-ray fluorescence in our experience. If
the Indiah beads were like the TWBCG, then one might eipect a normal dis-
tribufién»of urgnium vélues around the same mean. If_the4étandard deviatibn
‘wvere similar, then onevmight expeét over two-thirds of the Indian beads to
show detéctable ufanium on X~-ray fluorescence. However, as noted above,
this waé not fhe case.

vOur particular Indian seamples were'generally not well-documented.

Much of the material is surface or collected material which is not known

certainly to have come from excavated contexts, although excavations have
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been carried out at parts of some of the sites. In some cases, such as
Kadkal and Paithan;ithe sitee and eXCevations have never been published
except as mentioned bybothers (Dikshit 1969). Thus, when X-ray fluores-
cence of Indlan samples did not yield reason to proceed with further
analyses, partlcularlyvlnuthe absence of satlsfactory documentation of the
samples and/or the sites, the Samples were set aside.

The above X—ray results, representlng the majorlty of known medieval
factory sites, do not support the hypothesis of trade wind bead manufacture
in Indla. On the‘other hand they prov1de no definitive disproof--our samples
are few. |

:As seen from the above, the hypothesis of_trede_wind_bead manufac-
ture in india rests upon no foundation of chemical data. Mofeover,_the “
otner_evidence:originelly,put fofth to support this hypothesis virtually
eyaporates under cioSe examinetion in the light of preeent‘standards. The
vagueness of the termv"trede wind beads" hes‘already been discussed. Van

def.Sleen claimed he'"could prove" the Indian manufacture of these beads
(1965:394). His proof,_as such; was neuer‘offered in the literature, and
_therefofe,the extent.of his evidence isunknown; but he indieated that some,>
if not ell, of his evidence uas the finding of 2-5% phosphates in trade

wind beads and infindien'beaus (1960, 1967). The presence of phosphates,
however,‘is not diagrostic of any particular glass manufacture. They are
quite common in many kinds of glass (Turner 1956b 162-16HT, l956c 29OT)

and ¢—57 is a typical amount

Beck also called attention to similarities between glass beeds'found
in“Indie, Soutneasthsia,'and East:and southern Affica.. Beck's bead colléc—

tion is now preserved in the Museum of Archaeology and Ethnology, Cambridge,
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and itlis possible to view the beads from which he apparently made his Judg-~
ments. These beads con51st malnly of surface collectlons and other undocu—
mented material, and they appear to be quite mixed. They include beads Whlch
would fit ihto African sites, others which would fit into ancient indian
sites, and othersewhieh would fit into nineteenth-century sample sets. A
hypothesis baeed on this undocumented evidence cannot bevregerded as firmly
grouhded.

A pilot's eeceuht (Lavanhe 1957;,13.Thea1'196h:II, 303) is the main

' comtemporary report indicating that ceramic beads found in Africa were made,

as distinct from’purchaSed, at Negapatam, but it is not cleaf whether Lavanha .

was referring to'clay or to glass, although glass seems more likely.l8 In

an& ‘case no archaeologlcal ev1dence of the manufacture and export of ahny
beads has yet come to llght at Negapatam.

In evaluation,;present evidence indicates that the hypothesis of.
mahufaeture.in India.of glass beadsifound ih Africa is neither proven, nor

disproven, nor well-foﬁnded in the first place.

8Clay products Ere,ueually brownish or grayish, and Lavanha's mention of
beads of clay "of,ell cqlors" mekes one doubt that they werevciay. The
relerence meay have»beeh to trade wind beads, which are easily confused with
clay becauee'of their low,ehrema and iheir opacity. The writer has observed
colleagues‘make fhe eéme‘mietake wvhen examining trade wind beads for the
first time. De Couto, who lived from 15h2-l616 may have made the same

mistake as well (1n Theal 1964 :VI, 368).
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. Table 6.'_Trade'w1nd Bead Chemical Group:

Neutron Activation Analysisa’b

‘Samnle Provenience®’ | - Color
FJE-A2-1 Fort Jesus - -~ black
"FPJE-A2-2 " ~ "
FJE-A4-1. . " : - green
FJE-A4"2 e LU , : . ‘ " . '
FJE-A4-3. oo _ | n
‘FJE-A6-1" o . . Indian red
FJE-A6-2 S A _ ‘ n
FJg;AB-%” x, _ greenish~yellow
FJE-A3- ’
FJE—A;-Q " 4 o ye}low
FJE-AT-1 L L orange -
FJE-X-1 ot - _ pale cobalt blue
FJE-A-1 " | ' ’ cobalt dlue
LUA-1a - Iuanze *black
LUA-1c o ' _ oo
LUA-8a " : blue-green
LUA-T " : : .green
LUA-4a2 - " : N Indian red
LUA-3a . - " S o greenish-yellow
LUA-5D " - yellow
LUA-9a . ‘ "~ cobalt blue
LUA-9b o o SR o
‘DAM-4 ,'aDéhbéraré ' - green
. DAM-1la - o o '~ Indian red
DAM-1b L | "
‘DAM-1lc - "o S o ; "
DAM-Za o RN | o ‘ o ".
" DAM-2 " - : "
DAM-3 S _ - cobdlt blue
MAT-3 Matendere - black
MaT-1 Lo Indian red
MAT-GRYZ20 " ' : - greenish-yellow
"MAT-GRYZ21 " " i
MAT-GRY22 . L S . ) "
MaAT-123 " L S - yellow
_MAT-10 o L ’ ' ~. cobalt blue
 DHI-135%a Dhlo Dhlo . blue-green
~ DHI~1353b . " S "
DHI~1353c "o . ' "
DHI~13%534d A a _ o "
DHI~1353%e - " ' "

DHI-1353f ~ . " : L "
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DHI~1352a Dhlo Dhlo cobalt blue
DHI~1352b " , "
'DHI~1352c¢ " "
DHI~13524d - " "
DHI~1352e " o "
DHI~1352f " "
VOH-9 Vohémar green
VOH-3 ". ' blue-green
VOH"'4 - i 1" E " v
VOH-1 B ’ B . Indian red
VOH"‘2 . . L] _ "
VOH-7 " o : yellow
VOH"B . 14 . n
VOH-5 - ST - cobalt blue
VOH-6 ‘ " _ ' oo :
KII~IR14 Kilwa, Period II S Indian red
KIL“IRll . " L v - "
KII~-IR12 " Period IIIb "
KII-GRY12 " , " - greenish-yellow
KII~GRY8 " v v '
KIL-IWK1l noo " . blue-green
KI1~IWK2 " " ' "
KI1-GRY11 " Period IV ' greenish-yellow
KII~-GRY10 " n .om
KII~GRY1 " o "
KII~-MBG " " - black
KII-MBG1 ~ - " . . " - "+ green
KII-MBG2 o " ' "

- KIL~-MBG3 "o " ' black -

: KIL_IV[BG4 11 o L1 L]
KIL~-MBGS5 "o : " '~ orange
KIL~IR17 v " . Indian red
KII~IR15 " oo "
KII~IR16 I oo" "
-KI1~IR18 " " ' "
KI1~GRY4 " ' " greenish-yellow
KII~GRY6 " " "
KIII—GRYS u } 11 . )
KII~-GRY7 oo " v : "
GER-1a "Kilwa (Gereza), Period V green

~ GER-1b | oo "

B GER"'ld ’ . 1t "
GER~1le " "
GER-1c " ' "
GER-2a ; "o : cobalt blue
GER-2Db ' ' " , "
GER-2¢ " "
GER-2d , : " ' "

GER-Z2e ' " , "

. S S U . VO T, = —— . B G —— . W o Y Dl 0t e P S T S > P M G B P T e S Y G S Y ot Yo, S Ve W B . S B D T . S



D . - (S A LS M S i At i Gl P S TP WS G G G e A A e sy S e W S

Bambandyanalo
"

. BAM~-S38a
BAM-S38b
BAM-S38¢c
BAM-S38d

CHI-1
CHI-GRY17
CHI-GRY18

CHI-GRY19

CHI-2
NYA-GRY16
KHA-4770a

KHA-4770b

MAK-1
MAK=2
LUS-1

 ING-GRY13

ING-GRY14
- ING-GRYZ2

ENG-IR10
MOD-2a

- MOD-2b

MOD~2c
MOD-2d
MOD-2e
MOD-2f
MOD-6

- MOD-5a
MOD-5b
"‘MOD-5c¢

MJE~15a
MJE-5
MJE-3al
MJE=-3a2
MJ&~387
MJE-8za -

STA-13%9a
STA-139b
" POR-34
- MAN-23al
MAN-23%a2
KAB-10

1
"

Chibvumani
1]

"
T
"

Nyangwe Fort

Khami
111

Makoli
”

Lusaka Cave Site

Ingombe Ilede
1]

1

Engaruka

Mod jadje's location
) ‘ " -

Sants Ana (Philippine Is.)
B} " )

Porac
Manunggol
1"

Kab'wan
" ‘

W

"
L
1"
L1
"

‘'n

"

L}

"

"
"

Mjelele Valley Burial
) . 1t

" Indian red
d

)
"

blue~green
greenish-yellow
L

n

Indian red

greenish-yellow

Indian red
"

orange
yellow
"

greenish-yellow
n

"

Indian red

blue~-green
"

Uﬁ
"
"
"

yellow
cobalt blue
"

.black

blue-green
"

.n
"

yellow
black
"

Indian red
"

"

yellow
. 1"
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- C1 (%)

D G S e W S S A S - — — S ——— —— S T T G S G G — . " —— D —— — U G S G T W

- Sample Al () Mn
FJE-A2-1 3.03 +0.06 1.01 +0.12 684 + 17
FJE-A2-2 3.60 +0.30 1.06 *0.14 340 + 23
FJE-A4-1 2.98 +£0.24 1.67 +0.13 519 + 22
FJE-A4-2 3.47 +0.07 1.27 *0.14 408 * 19
FJE-A4-3 3.50 £ 0.10 1.34 *0.15 - 679 *+ 34
FJE-A6-1 3.64 +0.13 1.80 *.0.15 704 17
FJE-A6-2 3.55.£0.09 1.22 +0.14 512 +'14
FJE-A8~1 3.99 +0.18 1.17 *.0.09 - 407 +18
FJE-A3-1 3.46 + 0.36 1.70 *0.20 516 * 30
FJE-A3-2 3.56 +0.08 1.12 +0:14 486 * 26
FJE-AT-1 - 2.69 + 0.10 1.32 +£0.12 041 + 27
FJE-X~1 2.95 +0.13 1.57 +0.14 872 * 29
FJE-A-1 3.91 +0.08 - 1.55 *£0.15 655 * 32
LUA-1a 3.64 +0.11 1.86 £0.20 328 + 13
- LUA-1c 4.38 +0.08 1.52 +0.21 562 + 18
LUA-~8a . 3.06 +0.13 1.29 £0.20 309 + 13
LUA-7  4.38 +0.13 1.21 +0.18 425 1%
LUA~4a 3.88 + 0.27 1.42 £0.25 - 510 + 21
LUA-3a 3.92 +0.24 1.93 +0.21 334 *+ 14
LUA-5D 3.98 £0.19 1.62 *0.21 306 13
- LUA-Sa 5.01 £ 0.37 1.11 *+0.38 431 + 22
LUA~9Db 3.91 +0.34 1.52 £0.20 302 14
DAM-4 4.22 +0.25 1.79 +£0.25 462 + 18
DAM-1a 3.72 +0.46 1.51 £0.25 766 * 25
DAM-1b - 3.55 +0.28 1.02 *0.31 534 + 19
DAM-~1c 3.12 £0.21 1.73 +0.26 555 *21
DAM-2a 3.70 +0.09 1.03 *0.18 517 * 13
DAM~2b 4.16 +0.11 1.39 +0.19 539 * 15
DAM-3 3.30 +0.15 1.18 *0.20 322 * 14
MAT-3 4.69 +0.22° 1.44 *0.25 394 22
MAT-1 - 4.40 +0.29 1.61 *0.21 312 28
MAT-GRY20 3.86 * 0.08 1.69 *0.15 373 18
MAT-GRY21 4.04 +0.12 1.91 *+0.16 384 21
MAT-GRY22 3.71 +0.15 1.72 +£0.15 367 +22
MAT-13% 3.67T +0.26 1.25 *0.22 331 t23
MAT-10 4.05 +0.24 1.23 +0.23 868 * 35
DHI~1353a 4.55 % 0.15 1.84 *0.23 351 %25
"DHI~1353b- 2.77 *0.21 1.41 +0.27 286 * 30
DHI~1353c 3.91 *0.17 - 1.26 *0.17 280 21
DHI~1353d 2.99 *0.30 1.98 *0.21 376 * 27
DHI~1353%¢ 2.06 *0.12 1.40 *0.19 172 *19
DHL-1353f 3.18 *0.13 1.55 *0.17 253 21
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DHI~13522 3.30 t0.19. 2.00 * 0.31 + 30
DHI~1352b 3.56 * 0.20 1.70 t 0.25 299 + 25
DHI-1352c 4.37 * 0.46 = 1.23 * 0,35 308 t.36
DHI~1352d 4.42 * 0.49 1.91 * 0.29 311 ¢ 30
- DHIL-1352e 2.95 * 1.03 1.52 *+0.38 367 *+ 41
" DHI-1352f 4.53 * 0.18 2.06 * 0.33 1,128 t 42
VOH-9 5.82 * 0. 59 1.38 t 0.28 475 + 24
VOH-3 3.42 + 0.17 1.11 * 0.25 296 + 17
VOH-4 3.35 ¢ 0.21  1.48 * 0.25 296 *+ 18
VOH-1 4.28 + 0.13 0.56 *t 0.21 429 * 15
VOH-2 4.19 + 0.16 0.61 * 0.21 436 + 17
VOH-7 3.27 + 0.18 1.08 * 0.2% 321 + 31
VOH~8 4.19 * 0.35 1.41 * 0.25 = 330 % 19
VOH-5 3.64 +0.41 1.81  0.29 401 + 18
' VOH-6 4.27 + 0.27 1.52 + 0.25 399 + 19
KII-IR14 4.58 *+ 0.12 1.16 * 0.13 267 + 14
KII-IR1l 3.62 t 0.31 1.12 * 0.12 404 * 13
KII~-IR12 4.74 -+ 0.08. 1.53 * 0.15 582 + 16
KII~GRY12 4.28 + 1.06 1.58 t 0.12 288 t 43
KII-GRY8 4.09 * 0.21 = 1.49 * 0.11 452 + 38
KII~-IWKl1 3.71 % 0.09 1.23 % 0.20 371 + 16
"KII-IWK2 3.58 .+ 0.10 1.88 * 0.19 420 + 16
KII-GRY1l 4.99 * 0.53 1.55 * 0.12 466 + 44
KIL-GRY10 4.47 # 0.28 1.81 #0.11 450 + 37
KII-GRY1 B 488 * 19
KII-VBG - -a 337 + 37
KIL-MBGl 4.02 + 0.07 1.29 # 0.20 353 + 15
KII-MBG2  4.77 + 0.21 1.77 *0.21 421 * 19
KII-MBG3 3.12 = 0.14 1.26 *0.20 386 * 14
KII-MBG4 4.62 * 0.20 1.27 *0.18 680 * 16
KII-MBG5 3.22 + 0.23 1.58 *0.17 316 + 12
KII-IR17 4.27 + 0.06 1.12 +0.14 513 * 11
KIL-IR15 3.26 * 0.15 1.47 *0.14 346 * 16
" KII-IR16 3.22 + 0.23 1.58 *0.14 352 t 17
KII~-IR18 3%.32 % 0.07 1.40 *0.14 =~ 506 * 12
KII-GRY4 5.03 # 1.01 1.54 *0.11 451 * 32
KII-GRY6 4.57 +0.14 1.30 *0.14 453 * 22
KIL-GRYS 5.32 + 0.23 1.40 *0.10 546 t 35
KIL-GRY7 4.91 + 0.22 1.37 *0.11 523 * 36
GER-1a 4.21 +0.16 1.60 *0.19 342 * 13
GER-1b .86 +0.18 '1.35 *0.18 . 343 *13
GER-1d 3.82 + 0.39 1.42 +0.19 388 * 15
GER-le 4.62 +0.65 1.25 t0.21 349 +19
- GER-1c 4.08 +0.25 1.46 *0.18 382 t 14
GER-2a 3.81 +0.13  1.57 *0.19 304 * 16

GER-2b 3.64 +0.17 1.76 *0.20 296 * 18
GER-2c %.72 £ 0.22 1.57 *0.,19 294 *18
GER-2d 3.24 +0.31 1.80 *0.20 287 *19
GER-2e 2.83 +0.54 1.68 *0.22 292 t 22
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Table 6. continued - -
Sample Na (%) Cu® U
FJE-A2-1 13.09 + 0.14 - 78.48 + 0.42
FJE-A4-1 14.88 * 0.16 6,852 + 129 123.91 * 0.65
FJE-A4-2 15.34 + 0.18 3,162 + 121 86.12 + 0.46
FJE-A4-3 15.11 * 0.14 4,409 + 122  137.44 * 0.74
FJE-A6-1 16.88 * 0.22 6,557 + 133 157.65 * 0.61
FJE-A6-2 16.40 * 0.21 3,991 + 113 136.16 + 0.53
- FJE-A8-1 15.36 * 0.13 -€ 55.86 + 0.26
FJE-A3-1. 15.84 * 0.15 - 81.05 + 0.47
PJE=A3-2  14.98 * 0.13 =< 122.54 * 0.65
FJE-A7-1  14.14 * 0.15 -¢ 125.11 + 0.66
FJE~-X-1  14.71 % 0.14 '€ 65.83 + 0.37
FJIE-A-1 15.22 + 0.14 - 84.47 * 0.47
ILUA~1a 15.37 '+ 0.17 - 192.50 + 1,07
LUA-1c 14.45 * 0.25 =€ 165.66 + 0.96
LUA-8a 15.76 * 0.17 . 4,507 + 145 90.40 *+ 0.53
LUA=T '15.40 * 0.17 4,763 + 129 71.18 + 0.40
LUA-4a 14.14 * 0.15 4,250 + 172 69.89 + 0.46
LUA-3a 15.71 * 0.17 - 64.66 + 0.37
LUA-5b 15.75 + 0.17 - 93.96 + 0.54
LUA-92 14.38 * 0.19 1,912 + 267 82.24 + 0.56
LUA-9b 14.49 * 0.16 -€ 173.21 + 0.96
DAM-4 15.50 * 0.20 8,464 + 203 208.11 + 1.12
DAM-la = 16.16 * 0.17 5,443 + 173 131.64 t 0.76
DAM~1b 16.34 * 0.19 5,002 + 225 138.07 + 0.75
DAM~1c 15.77 * 0.16 4,846 + 178  140.38 * 0.82
DAM-2a 1%.75 t 0.18 6,407 + 155 98.00 + 0.54
DAM-2D 14.97 £ 0.19 5,163 + 150 ~ 89.50 * 0.50
DAM-3 15.30 * 0.20 -e ©124.94 + 0.68
MAT-3 15.29 * 0.2) & 95.94 + 0.51
MAT=1 14.06 £ 0.20 5,347 + 169 99,27 + 0.52
MAT-GRY20 15.72 * 0.13 =€ 117.07 + 0.65
MAT-GRY21 15.82 * 0.14 ~€ 117.52 + 0.66
MAT-GRY22 15.34 * 0.13 -€ 114.08 * Q.64
MAT-13 12.88 * 0.18 - 125.00 + 0.64
MAT-10 14.53 ¢ 0.21 -€ 59.50 + 0.33
DHI~135%a 14.93 * 0.19 5,192 + 194 87.16 + 0.43
DHI~1353%b 15.22 t 0.20 4,537 + 217 117.40 * 0.58
DHI~1353¢ 14.69 * 0.18 4,977 + 152 19.58 + 0.12
DHI-1353d 16.89 * 0.21 5,272 + 180 31.90 + 0.18
DHI~1353e - 14.02 * - 0.13% 2,487 + 150 38,30 + 0.24
DHI~13%353f 15.83 * 0.14 5,132 + 139 87.07 + 0.21
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DHI~1352a

DHI~1352b
"DHI~1352¢
DHI~1352d
DHI~1352e

DHI~1352f

VOH-9
VOH-3
VOH-4
VOH-1 -
VOH-2
- VOH-7
VOH-8
VOH-5 -
VOH-6

KIL-IR14
KIL~IR11
KII~IR12
KIL-GRY12

KII~GRY8

KIL-TWK1
KII~IWK2

KII~GRY11
KIL-GRY10

vvvvv

KII-MBG1
KII~IMBG2
KII~MBG3
KII~MBG4
KII~MBG5
KII~IR17
KII~IR15
KIL-IR16
KII-IR18
KII-GRY4
KII-GRY6
KII~-GRY5
KIL-GRY7

GER-1a
GER-1b
GER~1d
GER-1e
GER-~1c
GER-2a
GxR-2b
GER-2c
GER=-2d
GER~Ze
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Sample Sm - cof Sc
FJE-A2-1 2.66 * 0.12 14.28 + 0.22 5.49 +0.03
- FJE-A2-2  3.50 * 0.19 12.87 ¢+ 0.28 5.78 +0.04

FJE-A4-1 3.74 £ 0.18 11.58 * 0.20 7.41 + 0.03

FJE~A4-2 2.10 £ 0.13 13.13 + 0.23 3.11 +0.02

FJE-A4-3 3.83 *0.22 182.71 + 1.86 6.50 + 0.05

FJE-A6~-1 4.28 +0.22 33.56.- £+ 0.38 7.08 +0.03

FJE-A6-2 2.27 +0.18 51.08 *+ 0.56 2.97 +0.02

FJE-A8-1 2.33 £ 0.09 8.08 * 0.25 3.60 +0.04

FJE-A3-1  1.67 *0.14 5.68 t 0.35 2.23% +0.04
‘FJE~A3-2 . 2.11 *0.20 8.33 + 0.21 2.62 +0.03

FJE-AT-1 2.62 +0.18 7.72 + 0.24 3.63 +0.03

FIE~X~1 2.56 + 0.11 229.64 + 2.29 4.20 £0.04

FJE-A-1 - 2.32 *0.14 758.04 + 7.25 3.64 +0.08

LUA-la 6.28 * 0.14 16.76 + 0.32 6.10 + 0,04
"LUA-1c 4.66 + 0.22 34.70 £ 0.45 7.10 *0.04

LUA-Ba 3.23 £ 0.12 183.98 * 2.08 5.58 +0.05

LUA-T. 3.95 + 0.09 64.01 * 0.67 T.71 +0.04

LUA-4a 5.13 .+ 0.10 9.90 + 0.42 6.16 +0.07

LUA-%a 3.79 +0.10 6.48 * 0.22 4.59 +0,04
LUA-5D " 3.69 *0.12 12.88 + 0.32  6.09 +0.04

LUA-9a 3.18 +0.13 1,006.00 + 9.78 - 5.56 +0.18

LUA-9b . 3.93 £ 0.21 482.38 + 4.97 6.26 *0.07

DAM-4 5.71 £0.25 38.22 + 0.56 7.16 +0.05

DAM-la - 3.74 £0.18 30.86 * 0.56 5.20 *0.05

DAM-1b 3.16. + 0.20 26.95 * 0.63 5.45 +0.06

DAM-1lc 3:90 *0.19 27.59 + 0.64 5.52 +0.06

DAM~2a 4.85 *0.11 17.05 + 0.32 5.91 *0.04

DAM-2b 4.04 * 0,09 34.56 + 0.47 8.84 *0.04

DANM-3 " 3.76 £0.15 323.32 £ 2.98 -3.53 *0.05
- MAT-3 3.72 *0.14 46.98 + 0.64 6.77 +0.05

MAT-1 4.06 *0.14 11.59 ¢ 0.28 7.47 +0.04

MAT-GRY20 4.94 *0.19 10.31 #* 0.2 6.21 +£0.04

MAT-GRY21 4.93 *0.19 10.11 + 0.27 6.22 *0.05

MAT-GRY22 4.89 *0.19 10.06 * 0.26 6.22 +0.05

MAT=13 5.24 *0.17 9.77 * Q.26 6.46 $0.04

MAT-10 3.84 *0.09 809.27 + 6.93 5.03 +0.09

DHI~13%5%a 3.50 * 0.14 14.45 * 0.35 5.2% +0.04

DHI~135%3b 2.85 + 0.18 138.22 *+ 1.54 4.00 =*0.0%

DHI~135%¢ 2.12 *0.03 47.95 * 0.55 2.52 *0.03

DHI~1353%¢ 1.93 * 0.05 48.18 + 0.63 2.56 *0.03

PHL~1353e- 1.34 +0.07 76.90 +*-1.10 2.03 =£0.04

DHI~-1353f 1.74 *0.06 28.12 # 2.77 *0.03
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1,762.50
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BAM-S38a 6.01 + 0.13 12.11 * 0.43
BAM~-S38b  4.65 * 0.24 7.53 *+ 0.26
BAM-S38c 5.54 * 0.11 7.29 + 0.38
BAM-S38d  3.73 * 0.14 8.89 + 0.29
CHI~GRY17 4,00 * 0.14 9.13 + 0.18
CHI-GRY18 2.72 * 0.10 5.52 * 0.14
CHI-GRY19 8.14 +* 0.50 13.12 * 0.43
CHI-2  5.50 +0.21 11.89 + 0.27
. KHA-4770a  3.47 *.0.20 23,25 * 0.39
KHA-4770b 4.64 * 0.05 - 44.47 * 0.81
MAK-1 . 2.78 * 0.26 9.99 * 0.31
MAK=-2 - 2.45 * 0.17 11.60 * 0.24
LUus-1- - 1.98 * 0.16 7.93 £ 0.18
ING-GRY13 5.94 + 0.19 - 11.64 t 0.21
ING~GRY14 4.39 % 0.50 10.25 % 0.25
" ING=-GRYZ2 6.03 = 0.59 8.60 * 1.04
ENG-IR10 8.91 + 1.16 22.59 * 0.22
MOD-2a 3.58 +0.16 48.43 * 0.63
MOD-2b . 2.98 * 0.10 71.02 * 0.85
MOD~2c 3.14 £ 0.16 ° 42.72 * 0.80
MOD-2d - 1.49 * 0.06 : 6%.98 * 0.83
MOD-2e 2.75 £ 0.13 136.32 * 1.75
MOD-2f = 3.05 % 0.06 51.23 * 0.85
MOD-6 2.46 * 0.13 - 11.25 * 0.37
MOD-52a 4.17 £ 0.13 1,709.00 *+14.71
MOD-5b  3.36 +0.16 1,400.60 *12.45
MOD-5¢c 3.45 £ 0.15 1,064.60 *10.33
MJE-15a . 3.29 % 0.22 18.97 * 0.53
MJE=S . 2.71 £ 0.14 188.24 * 2.3%4
MJIE~3al 2.67 * 0.07 38.31 * 0.64
MJE~3a2 2.96 *0.10 92.65 * 1.28
‘MJE=~3a3 3.37 * 0.09 62.54 * 1.14
MJE-8a - 4.22 +0.10 9.80 * 0.24
STA-139a  4.30 * 0.10 23.81 * 0.46
STA-139b 4.04 *0.15 10.85 * 0.25
MAN-23al 4.72 *0.13 26.15 * 0.43
MAN-23%a2 4.64 *0.12 - 63.12- * 0.73
~ KAB-10 3.01 *0.13°  6.97 * 0.20
KAB=201  5.76 * 0.1 7.25 * _0.20
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Table 6. continuedv

‘Sample Sb Sné , Th
FJE~-A2-1 0.9 £0.1 -8 11.33 + 0.11
FIE-A2-2 1.0 £ 0.1 -5 17.84 + 0.19 «©
FJE-£4-1 5.0 £0.3 4,560 + 14 14.49 £ 0.13
FJE~A4=2 6.1 * 0.3 4,567 * 14 11.55 + 0,12
FJE-A4-3 5.4 * 0.4 1,285 + 15 22.56 + 0.22
FJE-A6-1 5.1 * 0.3 659 + 5 2%.66 + 0.13
FIE=-A6=2 3.8 £ 0.2 323 ¢+ §° 9,89 + 0.08
FJE-A8-1 1.1 *0.2 -& ° 13.51 t+ 0.16
FJE-A3-1 26.4 * 1.2 4,577 + 23 11.05 * 0.19
FJE-A3-2 3.3 * 0.2 7,292 + 20 11.60 % 0.13
FJE-AT-1 89.5 * 4.2 12,419 + 28 18.47 + 0.18
FJE-X-1 1.0 * 0.2 -8 14.11 + 0.18
FJE-A-1 2.7 * 0.4 -8 10.9% + 0.31
TUA-1a 0.7 *0.1 -8 17.93 + 0.14
1UA-1c 0.7 * 0.1 -8 28.04 + 0.20
LUA-Sa 6.4 * 0.4 -8 17.59 + 0.20
LUA-T 3.0 * 0.2 -8 22.36 + 0,15
LUA-4a 5.0 * 0.4 852 + 20 79.24 + 0.56
LUA-3a 0.4 *+.0.1 -8 27.98 + 0.21
LUA-5b 5.3 * 0.3 3,994 + 15 = 19.79 *+ 0.18
LUA~9a 3.5 % 0.9 866 * 35  21.16 * 0.55
LUA-9D 0.6 £ 0.2 & - 14.96 * 0.23
DAM-4 11.2 * 0.6 3,153 + 13  30.30 + 0.21
DAM-1a 4.8 * 0.% 1,003 + 12 27.82 + 0.2%
DAM-1b 4.8 0.4 963 + 15 23.55 + 0.24
DAM-1c 5.0 * 0.4 868 * 15 25,72 * 0.26
DAM-2a 7.6 * 0.4 990 * 9  62.67 t+ 0.34
DAM-2Yb 3.1 * 0.2 -5 17.90 + 0.15
DAM-3 0.8 * 0.2 -8 20.49 + 0.20
MAT-3 1.9 *0.2 579 + 10 21.71 * 0.18
MAT-1 14.8 * 0.7 -g 28.13 * 0.20
MAT-GRY20 0.7 *0.1 -8 28.78 + 0.26
MAT-GRY?21 1.1 *0.2 -8 30.74 *+ 0.28
MAT-GRY22 0.9 *0.2 -& 29.48 * 0.27
AT-13 1.3 0.2 4,072 * 14 24.41 *0.18
-~ MAT-10 0.9 * 0.3 -8 29.77 * 0.31
DHI~13533 9.1 * 0.6 -8 21.16 + 0.17
DHI~1%5%bh 11.8 * 0.7 -& 18.18 * 0.20
DHI-1%5%¢ 2.7 *0.2 -8 17.56 *0.12
DHI~1%5%d 3.5 * 0.3 -8 12.77 *0.12
DHI~-1353e. 7.5 * 0.6 - 10.84 * 0.16
DHI~1353F 2.8 0.2 -g 9.95 *0.11
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DHI~1352a 3.7 + 0.7 . * 0.40
DHI~1352b 2.0 + 0.5 ~-g 14.06 * 0.31
DHI~1352¢ 3.1 + 0.7 = 24.07 * 0.44
DHI~13524 4.0 *+ 0.7 - -8 21.08 * 0.46
DHI~1352e 3.2 + 0.7 _ -8 . 14.38 t 0.39
DHI~1352f 6.7 + 1.1 308 + 38 32.23 * 0.63%
VOH-9 70.3 + 3.4 3,567 + 21 24.21 * 0.28
VOH-3 0.7 + 0.3 -8 16.75 * 0.21
VOH-4 0.9 + 0.2 - 17.15 * 0.19
VOH-1 19.9 + 1.0 235 + 11 20.3% * 0.19°
VOH-2 20.9 * 1.0 286 + 10 20.11 * 0.18
VOH-7 105.2 * 4.5 4,550 + 17 14.58 * 0.18
VOH-8 128.8 * 6.0 4,978 + 20 - 15.04 * 0.22
 VOH=5 3.0 * 0.8 ~ 21.96 * 0.54
VOH-6 3.5 + 0.7 328 + 31 29.49 % 0.51
KII~IR14 7.3 + 0.4 & 24.70 * 0.14
KII~IR11 33,5 £ 1.5 2,665 * 9 40.36 % 0.23%
KII~IR12 4.0 * 0.2 281 + 6 32.81 * 0.18
KII~GRY12 3.8 + 0.3 1,441 '+ 12 - 17.54 * 0.17
KII-GRY8 2.0 + 0.2 270 + 10 29.53% * 0.21
KII-IWK1 15.1 # 0.8 1,112 + 7. 15.06 * 0.13
KIL-IWK2 14.9 * 0.8 1,073 + 7 12.69 * 0.12
KII~GRY11l 4.4 * 0.5 550 + 26  47.79 * 0.46
KII~-GRY10 0.7 * 0.1 -8 35.60 * 0.25
KIL-GRY1 58.5 * 5.4 -8 34.20 * 0.56
KII~MBG 0.9 + 0.1 -8 12.96 * 0.07
¥II~-MBG1 8.1 * 0.5 492 + 7 28.90 * 0.20
KII~-MBG2 8.2 0.4 558 + 8 38.08 * 0.24
KII~MBG3 0.5 * 0.1 -8 12.65 * 0.13
KII~-MBG4 1.8 + 0.2 -8 27.9% * 0.20
KII~MBGS -.9.6 £0.5 - 7,140 + 15 14.30 *0.12
KII~IR17 3.7 0.2 344 * 6 32.22 *0.18
KII~IR15 7.2 * 0.4 296 * 5 18.07 *0.11
KIT-IR16 7.2 + 0.4 311 ¢+ 5 17.91 # 0.11
KI1-IR18 7.6 * 0.4 299 * 5 17.36 % 0.11
KII~GRY4 2.0 £ 0.2 602 + 14 42.55 * 0.30
KI1~GRY6 1.8 + 0.1 821 * 11  42.3%8 * 0.3%0
KI1~GRY5 ©1.2 0.1 1,415 _+ 10 37.90 * 0.25
KI11~GRY7 -d ~d - -d |
GER-1la 8.5 * 0.5 -8 18.38 * 0.20
GER-1b 7.9 £0.5 -8 18.28 * 0.19
GER-1d 8.5 *0.5 -8 18.59 *0.17
GER-le 9.2 * 0.5 -g 18.60 * 0.18
GER-1c 10.0 * 0.6 -8 21.42 *0.19
GER-22 2.2 0.5 -8 18.96 * 0.41
GER-2c 1.3 % 0.5 -8 . 18.64 *0.41
GER-24d 0.9 *0.4 -& - 18.74 *0.38
1.8 * 0.6 -8 18.62 * 0.44

GER~2e
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Table 6. concluded
Sample Hf , znfoh
FJE-A2=2 4.87 * 0.29 20 t 6
FJE-A4-1 9.92 * 0.33 33+ 4
FJE-A4~2 2.92 * 0.17 233 t 5
FIE-A4-3 4.85 % 0.35 304 13
FJE-A6-1 5.58 * 0,20 178 * 5§
FJE-A6-2 1.70 * 0.15 113 * 6
FJE-A8-1 2.44 * 0.24 53 % 6

 FJE-A3-2  2.20 * 0.19 941 *10
PJE-AT-1  5.03 * 0.25 3,080 *14
FJE-X-1 6.40 * 0.37 -h -
FIE-A-1 2.49 % 0.65 ~h

- LUA-la - 5.66 * 0.28 38 t 6
IUA-1c 7.77 * 0.29 96 * 6
LUA-82 4.22 * 0.37 59 *15
LUA=T7 5.74 * 0.26 56 * 7
LUA-4a - 14.74 * 0.61 208 *13
LUA~3a 8.34 * 0.32 48 * 5
LUA-5b 6.08 * 0.32 523  +10
LUA-Oa 4.00 * 1.26 -
LUA-Ob 3.30 * 0.50 ~h
DAM~4 5.29 * 0.34 501 11
DAM-1a 5.64 * 0.34 182 *10
DAM~1Db . 5.08 * 0.40 153 *12
DAM-1c 6.65 * 0.44 134 *12
DAM-23 12.72 * 0.41 151 * 7
DAM=-2b 5.32 £ 0.30 86 7
DAM~3 Z.41 * Q.40 ~b
MAT~3 4.83% * 0.29 186 10
MAT-1 6.96 * 0.30 39 + 7
MAT-GRY20 6.15 * 0.33 50 *+ 6
MAT-GRY21 ~ 5.04 * 0.33 51 * 6
MAT-GRY22 5.60 * 0.33 44 t 6

AT-13 3.68 * 0.25 617 *10

MAT-10 11.75 * 0.64 -h
DHI~1%532 5.06 % 0.29 47 7
DHI~1353¢  4.25 * 0.19 27 £ 6
DHI~1353d 2.00 * 0.20 41 * 8
DHI~1%53e . 1.46 * 0.28 25 *13
DHI-1353f - 1.97 * 0.19 20 * 6
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DHI-1352a 2.77 + 0.93 -h
DHI~1352b 2.86 * 0.73 ~h
DHI~1352c 12.83 * 1.05 -h
DHI~13524  4.80 * 1.07 =h
' DHI~1352e¢ 3.1% * 0.93 -h
DHI~1352f 8.08 * 1.47 -h
VOH-9 = 5.66 * 0.52 218 =
VOH-3 3.26 * 0.40 33 +
VOH-4 2.89 * 0.36 49 ‘&
VOH-1 7.46 t 0.35 426 *
VOH-2 5.31 % 0.31 411 +
VOH-8 3,84 £ 0.40 386 +
VOH-5 5.67 * 1.27 -h
VOH=6 . - 5.84 * 1.16 -h
KII-IR14 11.82 % 0.33 37+
KII-IR11 43%.22 * 1.10 239 +
KIL-IR12 6.56 * 0.25 29% +
KII-GRY12 3.82't 0.27 20
KII-GRY8 4.70 £ 0.26 64 *
KII~-IWK1 3,91t 0.23 292 +
KII-IWK2  3.20 * 0.21 457 =
'KIL-GRY1l - 7:08 * 0.59 78 +
KIL-GRY10  5.57% 0.30 48 +
KII~GRY1 5.79 + 0.74 26
KII-MBG 3,31t 0.13 87 *
KIL-MBG1 4.12 + 0.24 481 *
KI1~MBG2 6.55 * 0.27 242 +
KII~MBG3 3,43+ 0.26 63 +
K1I1~-MBG4 5.25 + 0.29 52 %
KII~MBG5 2.90* 0.22 2,383 %
KI1-IR17  6.02t 0.23 91 +
KII~IR15 2.89 + 0.17 154 +
KII~IR16 2.94 * 0.17 147 +
KII~IR18 2.38 £ 0.17 52
KII~GRY4 6.56 * 0.35 38 +
KII-GRY6 6.67* 0.28 34 +
KII-GRY5 5.92 % 0.27 42 ¢
KII~-GRY7 -4 -
GER~-1a 4.01 % 0.35 72 4
GER~1b 2,75 % 0.33 57 +
GER-1d 3.50% 0.28 48 *
.~ GER-1le 5.39 t 0.32 87 +
GER-1c. 3,40* 0.30 70 +
GER-2a 2.61* 0.90 -h
GER-2b 3.14 % 0.88 -h
GER-2¢ 3.48 * 0.01 -h
GER-2d 4.10t 0.82 ~h
CER-2e 4.18 * 0.96 ~h
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"Notes to Table 6.

a’.

All data are given in parts ner million unless other-
wise indicated. See Table 12 forgaverages of this

data. :
ImpreCISely-determlned elements ‘have been omitted

from this Table. Those for which a mean: concentration

could be'determined for the Group are (w1th mean and

root mean square deviation): Ca, 4.42 * 1.90%; V, 130

] 229 ppm; Dy, 6.2 * 2.0 ppm; K, 2.3 * 1.4%; CS, 1.3
* 0.8 ppm; Eu, 0.8 * 0.3 ppm; Tb, 0.4 + 0.2 ppm. For

GER-2a, GER-2b, GER-2c, GER-2d and GER-2e, As averages

278 * 15 ppm; for the following individual specimens
As is: IUA-8a, 149.7 *5.9 ppm; IUA-9a, 547.8 * 17.8
pym; ILUA-9b, 525.9 *13.8 ppm; DAM-3, 248.4 * * 7.4 pom;
MAT-10, 279.0 t_8.8 ppm; VOH-5, 2,949.5 * 71.1 ppm;
VOH-6, 2,437.4 *58.9 ppm; snd MAN-23a2, 196.6 * 7.6
ppm. For the remainder of the Group the mean As is

78 * 137 ppm. The following upper limits of concen-

tration for the Group could be determined (with esti-.
mated representative counting error): Mg, 5 * 3%,

Sr, 2000 * 1000 ppm; Ga, 300 * 200 ppm; In, 20 * 10 ppm;

W, 76 *;4 ppm; Ag, 60* 4 vpm; Ir, 0.02 + 0.02 ppm;
Hg, assumlng none is lost in the reactor, 23 = 1 opm;

"~ and Cr, 66 * 10 ppm.

For further details of rrovenience, see Appendix 1.
Element not determined in this sample.

Gldssmefer s additive. Noi determined when below the
limit of rellable detection, anproxlmatoly 500 ppm.
Glassmaker's additive.

Glassmaker's additive. Not determined when below the

" 1imit of relisble detection, approximately 200 ppm.

Glassmaker's additive Not determined when Co concen—
tration exceeds approximately 200 pom.




Table Ta. X-ray Fluorescence Analysis of Trade Wind Beads from Gedi®™

sample  Color  Fe : Cu Zn | ~ As Sr
GED-2a  Indian red 2.3 £ 0.k  0.27 £ 0.05 0.0 <0.03  0.02
GED-2o " " 2.9 +0.k 0.18 +0.08 0.03 = <0.03 002

CGED<Y®  Green 2.9 0.4 0.29 £ 0.06 0.03 © <0.03 0.02 .-
GED=9 " 0.8%0.2 0.40%0.07 0.03 > 0.kt 0.0
GED-6a  Blue-green 0.7 + 0.2 0.2h * 0.04 <0.02 1<0.03 0.01

" GED-6b: oo 0.8 £0.2 0.21 ¢ 0.0b <0.02 i 0.02 ~': - 0.0
GED=3° = Yellow 1.7 £ 0.3 0.02  0.01 | L 0:02
GED-T  Cobalt Blue 1.9 # 0.3 0.03 © 0.02 . 0.05 *0.02 o o0.02
GED-10 - Pale " " 1.1 + 0.2 0.01 = 0.01 0.03 0.02 -

£0.2  0.62  0.02 . <0.03 0.02

GED-1 Black 1.4

'.aAll data are given in percent. Specimen ~1 conﬁaihed ~ 0.06% Mn. Otherwise Mn wés not detecﬁed, :

. the lower 1imit of detection being 0.1%. Specimen -7 contajned 0.08‘t 0.02%'Co,vand specimen -10
contained 0.04% Co. Otherwise this element was below the 1imit of detection of ~ Q.OB%. In some cases
'fﬁb could not be determined due to high Pb content. Otherwise.it was not detected, the limit Qf v
detection being N_0.0Q%.' Sb was not detecfed;‘the_limit was v 0.005%. Specimen -6b contained 0.03% Bi..
Prot deﬁerminedrdue to high_Pb content.

CSample consisted of more than one bead.

-66T~



Table

Ta. . concluded

Sample Zr Sn Ba.

GED-2a . 0.02 % 0.008 0.0k + 0.01 0.0k
GED-2b  0.02 "% 0.008 0.04 * 0.01 0.05
GED-U4 0.01 0.022 + 0.005 0.0% * 0.01 0.09
GED-9 . 0.0l 0.5 * 0.1  0.06 +0.01 0.8 # 0.2
GED-6a -, 0.01 % 0.00k 0.03 0.02
GED-6b 0.01 n 0.005 10.03 0:03
GED-3 0.02 0.28 + 0.04 0.05 + 0.01 1.7 * 0.3
GED-T 0.01 0.031 + 0.005 0.05 + 0.01  0.11% 0.03
GED-10 0.01 < 0.005 0.04 + 0.01 0.02
GED-1 0.02 0.021 # 0.00% 0.07 % 0.02

0506
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Table Tb. X-ray Fluorescence Analysis of Miscellaneous Trade Wind Beadsa

Sample ~Color ' Fe Cu , Zn Sr
KAO-183 Black 1.0 £ 0.2 . <0.02 0.0  o0lo2
ZAN-1064  Indian red 2.4 0.4 0.28 £ 0.05 0.08 * 0.02 0.02

sor-2 . " 3.4 £0.5 0,31 £0.07 0,02 0.02
S07-2 o 2.0+ 0.3  0.24 +0.06 0.02 0.02
REN-23° " " 1.8%0.3 0.15 £ 0.03 0.02" . 0.03
MPL-4° Black 1.1 % 0.2 C0.02. 0.01 0.02
MAP-093° "o 1.hto02 . 0.02 €0.02  0.03 + 0.0
MST-77a° - Indian red . 2.5 £ 0.4 0.14 # 0.03  <0.02 0.02 |
MST-1036° " " 1.6 £0.3 0.5 £0.1  <0.02 _  0.03 £ 0.01
MST-T76c° Black 1.5 % |

0.2 . - 0.02 . <0.02 © 0.03 * 0.01

%A11 data are given in percent. Mn waé'nof detected and therefore lies below the iower limit

of detection of " 0.1%. Co was not detected; the lower limit of detection was v 0.05%. As

lies below_theblimit of-detedtion of 0.05%, and Rb below the limit of 0.02%. Specimen SOF-2
éontained Y O.OOS%ISb. Otherwise £h15~element was nof detected; the lower limit of detection was

v 0.005%, except for REN-23' and MPL-~L, where it was 5’0.01%.

bSample consisted of ﬁore than one bead.
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0.012 * 0.00%4

Table Tb. continued
Sample Zr Sn Ba Pb U
X40-183 0.05 + 0.01 <0.005 0.07 + 0.02 0.0L +
ZAN-106L 0.05 *+ 0.01 0.033 * 0.006 0.05 + 0.0l 0.20 * 0.04 +
SOP-1 0.03 + 0.01 0.021 * 0.004 0.07 * 0.01 0.08 t 0.02 +
50F-2 0.02 0.024 * 0.005 0.07 * 0.02 0.09 + 0.03 +
REN-23 0.03 0.07 +0.02  0.06 *+ 0.01 0.11 + 0.03 ¥
FPL-Y4 0.05 * 0.01 ~ 0,009 0.07 * 0.01 0.03 +
MAP-093 0.03 + 0.01 ~ 0.007 0.05 * 0.01 = <0.02 +
MST-TTa 0.04 *+ 0.01 - ~ 0,008 0.07 + 0.02 . 0.05 * 0.02 +
MST-103b 0.02 0.031 * 0.005 0.05 % 0.01 0.11 * 0.03 +
MST-T76c 0.05 + 0.01 " 0.10 + 0.02 0.05 * 0.02 +

-c0c-



>Table Tb. cqncluded

Sample Proveﬁience
KA0-1833 Kaole House, Tanzania, 2C, SW room, below possible floor, wound lenticular bead.
ZAN-1064 Zonzibar, beech, wound lenticular bead. ‘
‘SOF-l Sofala, Portuguese East Africé, surface, reheatéd cane bead.
SOF-2 - " . " " " " o " "
REN-23 - Renders Ruins, Rhodesié, from excavations of E. Goodall in 194k, reheated cane beads.
MPL-H Mapela, site of a Portuguese.fair in Rhodesia, reheated cane beads. .
MAP-093 Mapungubwe, Skeleton 10, reheated cane beads.
- MST-TTa Mapungubve, Southern Terrace, B3M, 24-30", reheated cane beads.
MST-103b " " " c3M, 18-24" " nooo
~ MST-T76¢ " oo B3R, 24-30" " " "

-€0c-




-204-

Table 8.  Sites Yielding Members of the

Trade Wind Bead Chemical Group®

Map

No. Site _ Chief Reference .
1. Gedi, below floor of tomb . Kirkman 1960 .
2. Fort Jesus ' Kirkmen in preparation
3. Zanzibar, beach ven der Sleen 1967,
Tornati and van der
Sieen 1960
4.  Kaole House, below floor Chittick 1959
5. Kilwa ' ' " Chittick 1966, Chittick
in preparation '
6. Engaruka terrace ASUh Sessoon 1967
7. - Vohémar, jljlkely Thierry 1961
8.  Makoli : Inskeep, letters to
, van Riet Lowe
9. Lusaka Cave Site ibid.
10. Ingombe Ilede, Burial 8 Fagan 1972
11. Dambarare Garlake 1968
12. Luanze ~ Garlake 1966
13. Nyangwe Fort (Inyanga) . Summers 1958
14. Sofala, surface van der Sleen 1967
15. '‘Renders Ruins (at Zlmbabwe) . .Schofield 1958
16. Matendere, midden Caton-Thompson 1931
17. Chibvumani (Hubvumi), South Passage ibid.
18. Dhlo Dhlo ibid.
19. Khami, on Floor IV Robinson 1959
20. . Mjelele Valley Burial National Museum of
' ” ' Rhodesia collections
21. Mapela ' Garlake 1971
22. Bambandyanalo, Skeleton 38 Gardner 1963
23.  Mapungubwe : Fouché 1937, Gardner
1963, Eloff 1969
2L, Modjadje's location ¥an Riet Lowe 1937,
' : Krige and Krige 1943
25. Kab'wan (Philippines) Fox 1970
26. Manunggol ( " ) ibid.
27. Santa Ana (") ibid
28. ibid

Porac " )

aFor dates, see Table 13.




‘Table 9. X-ray Fluorescence Analysis of Trade Wind Beads from Fort Jesusa

" Sample

Black

‘Color Fe . Cu. - Zn : Sr - | Zr
FIE-A6-1 Indian red 2.h £ 0.4 0.33 £ 0.08 0.02 0.03 0.03
FJE-A6-2 oo 1.2 + 0.2 0.24 * 0.0k 0.02 0.02 0.01
. FJE-AL-3 Green 2.2 + 0.4 0.34 + 0.07 0.03 0,02 0.03
FJE~Alb-1 " 1.5%0.3 0.5 %0.1 <0.02. P P
FJE-A4-2  Yellow-green 0.9 0.2 0.24 + 0.05  0.04 | P S
FIE-A3-1 Yellow 0.6 * 0.2 0.02 © 0.07 * 0.02 -° -
FIB-A3-2 o 0.7 £ 0.2 0.02 0.10 £ 0.02 = -° - -
FJE-A3-3 " -o.s't'o.l. 0.02 0.05 + 0.02 =P SRR
FJE-A7-l‘ 'Ofange. 1.1 £ 0.2 <0;C2" . 0.23 £ 0.05 ‘,-b ' _x’-b'
FJE-A8-1  Pearl 0.8 £ 0.2 <0.02.  0.01 | 0.02 0.01 1
FJE-Al1-1  Cobalt Blue 0.9 0.2 0.01 - <0.01 0.02 0.01. '§$
- FJE-X1 Pale " " 1.1 £ 0.2 0.0k 0.01 0.02 - 0.03
FJE-A2-1 1.2.¢ 0.2 0.02 0.01 0.03 - 0.02

%a11 samples were single reheated

0.04% Mn and 0.08% Co.

Otherwise
of detection were 0.1% for Mn and’

Rb could not be determined due to

contained 0.01% Sb.

of detection was 0.005%.

This element

cane beads. All data are given in percent. Sample Al-1 contained
these elements were not detected in the samples. The lower limits
0.05% for Co. As was not detected, the lower limit being 0.03%. .
interference from Pb and from U. Specimens A2-1, A3-1 and AT-1

was not detected in the remainder. of the samples; the lower limit



Teble 9. concluded

0.0L

Sample Sn ‘Be Pb U

A6-1 0.07 % 0.02 0.07 * 0.02 0.25 * 0.05 +

A6-2 0.034 £ 0.007 0.05 # 0.01 -0.12 * 0.03

As-3 0.14 * 0.03 0.06 £ 0.01 0.6 * 0.2 +

Akl 0.k '+ 0.1  0.04+0.01 2.1 # 0.k P
Ab-2 0k £ 0.1 0.05 £0.01 2.4 % 0.5 -°
A3-1 0.6 %+ 0.1  0.06%0.02 3.2 % 0:6 P
A3-2 0.7 * 0.1  0.06 % 0.02 . 3.5 * 0.6 -P
A3-3 0.5 * 0.1  0.05% 0.01 3.1 *.0.6 =P
AT-1 1.1 £ 0.2 0.05% 0.01 7.3 *1.0 P
A8-1. 0.002 0.05 + 0.01 0.02 +

AL-1 0.00k 0.06 + 0.01 0.02 +
xi 0.00k 0.06 % 0.01° 0.02 +

A2-1 0.005 + 0.01 <0.02 +

bUne.ble to determine due to high Pb content.
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Table 10. X—ray'FluorescencevAnalysis of Tfadé Wind Beads from Luanze™

Sample _ Color . Fe » | Cu ' 7n | Rb Sr ' 7r
LUA-4® " Indian red 2.0 £ 0.4 . 0.27 £ 0.05 - 0.02 <0.02  0.03 . 0.03
LUA-6 Green 2.2t 0.4 0.32 +0.05  0.03 -P Lo P
Lua-7 " 2.3+ 0.4 0.36 % 0.06 <0.00 . o0.01 | 0.02 | 0.02
LUA-8a Blue-green C1.1%#0.2  0.28%0.06 0,02 <0.02 0.02 0.0l
LUA-8b "o 1.1 %£0.2°  0.27 #0.04 <0.01 <0.02 0.02  0.02°
LUA-5° Yellow 1.2 0.2 - 6.01 0.0k % 0.01 b b P
LUA-3° Pearl © 1.0 £ 0.2 - 0.02 o.oL - o0.0p 0.02 0.02
LuA-9°  Pale Cobalt Blue 1.k 0.2~ 0.05# 0,00  <0.01 <0.02 -  0.02 - . 0.0
LuA-1°¢ Black 1.8 ¢ | '

0.3. 0.02 . <0.01 - 0.01 0.02 0.02

aAll are reheated cane beads. All data are given in percent. Specimen LUA-9 contained O;OS_t 0.02% N
Co and 0.02% As. Otherwise these elements were not detected. The limit of detectién for Co»was,0.0S%,
for As 0.03%. In addition, Mn and Sb were not detected, the lower limits being 0.1% and 0.005%

‘fespectively.
bNot determined due to high Pb content.

cSzelmpll.e consisted of more than one bead.
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Table 10. concluded
Sample Sn Ba Pb
LUA=b 0.08 + 0.02 10.06 £ 0.01 0.32 + 0.05
LUA§6_ ~0.25 * 0.04 _  0.03 » 1.0 % 0.2
LUA-T ~ 0.008 0.05 * 0.01 0.04
LUA-8a N 0.008 - 0.04 £ 0.01 0.03
LUA-8b 0.010¢ 0.002  0:08 * 0,02 - 0.03
LUA-5 0.42 + 0.05  0.05 * 0.01 2.3 + 0.4
LUA-3 ~ 0,008 0.07 * 0.01 <0.02
LUA-9 0.028+ 0.005  0.04 *+ 0.01 0.08 * 0.02
LUA-1 0.012¢ 0.003 - 0.06 *

Oth
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11s. Glass Beads Resembling the TWBCG:
Neutron Activation fnalysis®’ _
‘Samole Provenience_ Color
'KIT-HKCV3  Kilwa, Period IIIa Blue®
KIL-GM2 " - Period IIIa~b Gray-green
KII-GRY9 " | " ' ' Greenish-yellow
KIL-GM1 moo ~  Blue-green '
KIL-IR13 - ne  Indian red
K£0-183H Kaole House, below floor "
K£0-183G "o " "
KAO0-1724 o . "
ING-P8  Ingombe Ilede, Burial 8 Blue
SIR-3295  Siraf (Iran) Green
BUT-1744  Butong (Philiopines) "
BUT-174B Sow e "
BUT-175B no oo Blue-green®
BUT-1758 " " o d
BUT-10241 "o "o Indian red
BUT-10262 " " o
Cs1-102B1 »Calatagah " Indian red,ugreenF
CrI-102B2 " " Ind. red ovef greenv
MJE-15B . IMjelele Valley Burial

Black
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LB

Sample Color Al (%) _ Mn
-HKCV3 blue n.d.ft n.d. 1,322 + 36
-GM2 gy-gr. 3.61 % 0.29 1.48 *0.19 331 14
~-GRY9 gr-yel. 3.53 £0.18 1.15 *0.14 313 + 14
-GML  bl-gr. 2.99 #0.11 0.99 +0.16 427 £ 16
-IR13 IR~ 2.59 +0.07 0.89 *0.12 422 + 14
-183H " 2.78 + 0.07 - 0.67 *0.13 441 + 13
-183¢ " 2.88 £ 0.11 0.71 *0.15 433 + 16
-1720 " 2.78 £0.11 1.08 #*0.13 423 + 14
-B8  blue n.d. ~ n.d. 484 * 40

- -3295 grn © 4.29 £0.09 0.63 £0.18 661 + 19
-1744 " ©3.90 +0.17 0.25 £0.16 574 *15
-174B " . 4.39 +£0.11 0.88 *0.25 534 + 15
-175B  bl-gr. 4.84 *0.28 0.13 £ 0.29 743 + 22

~ -1752 " 5.06 +0.19 0.28 *0.23 760 * 20
-102A1 IR 4.79 £0.11 0.95 £0.18 449 #20
~102%2 " . 4.94 £0.14 0.89 +0.19 443 + 12
-102B1 IR,grn. 6.94 +0.16 0.83 +0.21 499 * 13
-102B2 IR/grn. 6.15 *0.31 1.37 *0.24 350 + .14

 -15B 3,13 +0.16- 0.81 *0.22 610 *18




Table 1lla. continued
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‘Sample Color Na (%) Cu U
~HKCV3 blue 10.26 + 0.17 b 1.31 * 0.21
~GM2 gy-gr. 15.68 t 0.19 b 9.06 * 0.10
-GRVY9 gr-yel. 15.73°% 0.19 b 6.02 * 0.05
-GMI  bl-gr. 12.98 * 0.22 - 6,269 * 164 0.59 % 0.05
-IR13 IR 13.50 * 0.17 10,743 * 165 0.45 * 0.03
-183H " 13.03 + 0.16 = 10,386 * 163 0.97 * 0.04
-183¢ " 13.34 + 0.17 12,042 + 201  0.52 * 0.04
-1724 " 14.19 + 0.17 10,377 * 159 0.61 * 0.04
-B8 blue 13.64 t 0.23 = 6,325 £ 241 =-0.13 * 0.13
-3295 . grn 12.30 +0.21 4,323 + 166 7.76 *0.07
-1742. " 13.10 + 0.17 5,566 * 146 8.53 * 0.08
-174B " 13.32 + 0.22 4,818 + 154 8.34 * 0.07
' -175B  bl-gr. 14.57 +0.23 7,086 t 230 5.27 * 0.08
-1754 "o . 14.37 £0.19  6.952 t 204 5.44 *0.09
-10241 IR 11.24 +0.18 18,420 *+ 311 7.0l *0.06
- -10242 " 10.92 *0.17 22,375 + 368 7.26 *0.07
-102B1° IR,grn 9.31 * 0.15 7,776 * 168 5.71 *0.06
~102B2 I%/grn. 11.88 £0.19 7,275 * 181 8.62 *0.08
-15B © bleck  12.06 £0.15 b 1.19

£ 0.09
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Sample Color Sm Co Sc

~HKCV3 blue 1.35 + 0.04 392.26 + 2.52 3.11 & 0.03
-GM2 gy-gr. 3.42 + 0.02  6.76 + 0.17 3.92 * 0.03
—GRY9 gr-yel. 3.91 %0.02 . 6.86 + 0.12 4.04 t 0.02
-GM1  bl-gr. 1.10 % 0.01 6.97 + 0.13 2.63 * 0.01
-IR13 IR 1.03 # 0.01 10.01 ¢ 0.17 2.44 + 0.02
-183H " 1.38 + 0.01 '9.79 £ 0.34 3.31 % 0.03
-1836 " 1.36 + 0.01 8.15 + 0.25 3.28 * 0.03
1728 " 1.13 + 0.01 5.30 + 0.24 2.91 * 0.02
-B8 blue 0.93 + 0.02 3.84 + 0.03 1.91 + 0.01
-3295 grn 3.28 + 0.02 13.54 + 0.24 4.81 + 0.03
1742 " 3.33 + 0.02 17.14 + 0.33 4.16 + 0.03
-174B " 3,27 + 0.02 15.67 + 0.29  4.07 + 0.03
~-175B bl-gr 2.70 +0.02 8.45 + 0.30 3.49 + 0.04
-1752 " 2.76 +0.02 8.65 + 0.27 3.69 * 0.04
-102A1 IR '3.63 % 0.02 11.02 + 0.25 4.35 * 0.03
-10252 " 3,72 +0.02  11.57 + 0.25 4.35 # 0.03
-102B1 IR,grn. 4.70 +0.02 26.72 + 0.40 9.30 +0.05
=102B2 IR/grn. 3.80 % 0.02 8.03 +0.25 6.66 +0.05
~-15B black 1.46 +0.02 8.59 + 0.30 3.48 '+ 0.04




. Tabie 1la. contin
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Ta

0.71

Sample Color - Fe (%) |
-HKCV3 sblue . 1.59 +0.02 0.64 +0.05 0.31: 0.01
g2 gy-gr. 3.31 £0.05 1.15 £0.06 0.64 + 0.01
-GRY9  gr-yel. 1.39 *0.02 1.52 +0.04 0.7l * 0.00
- -GM1  bl-gr. 0.77 -t0.01 0.52 +0.03 0.25t 0.00
-IR13 IR~ 2.06 *0.03 0.48 £0.03 0.27 + 0.00
-183H " ©1.93 £0,04 0.62 £0.08 0.33* 0.01
-183G. " 1.96 %0.03 ~0.54 £0.06 0.39% 0.01
-1724 " 1.76 +0.03 0.57 £0.06 0.30 + 0.00
-B8  blue. 0.54 +0.01 0.34 *0.03 0.23* 0.00
-3295 grn..  1.17 £0.02 2.00 *0.07 0.52 ¢ 0.01
-1748 " 1.19 * 0.03 2.00 #0.09 0.53 ¢+ 0.01
-1748 " ©1.12 +0.03 1.92 +0.08 0.53+ 0.01
~175B  bl-gr. 0.93 *0.03 1.74 +0.10 0.50 ¢ 0.01
-175¢ " 0.86 t0.03 1.58 £0.09 0.50 ¢+ 0.01
-10241 IR 1.32 +0.03 1.87 £0.08 0.62 + 0.01
-10282 " 1.26 +0.03. 1.69 £0.08 0.64+ 0.01
-102B1 IR,grn. 2.42 *0.04 1.65 +0.09 0.56 ¢ 0.01
-102B2 IR/grn. 1.54 t0.04 1.20 +0.09 0.40 + 0.01
-158  black. 1.0l * 0.03 £0.08 0.36 * 0.01
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7.1 *0.5

Table lla. continued
' 'Sample Color Sb Sn Th
-HKCV3  blue 1.5 0.1 b 1.70 + 1.37
© —GM2 gy-gr. 2.9 +0.2 b 13.94 * 0.12
-GRY9 gr-yel. 1.9 +0.1 1,424 + 5 12.87 + 0.08
—-GM1 = bl-gr. 14.1 +0.7 1,767 * 5 2.09 + 0.04
-IR13 IR 22.0 *+ 1.0 b 1.58 + 0.04
-183H " 162.2 + 7.3 b 2.01 t 0.10
-1836 " 35.8 + 1.7 b 0.67 * 0.10
-1728 " 114.6 + 5.2 - 1.45 + 0.08
-B8 blue 13.9 +0.5 2,373 *12 0.89 t 0.03
-3295  grn 1.9 £0.2 1,820 * 9  8.01 * 0.10
17484 " 9.3 0.7 2,414 *12 8.23 * 0.13
~174B " 4.7 0.3 2,368 *11 7.86 £ 0.11
-175B  bl-gr 11.1 $0.9 b 7.29 * 0.15
-1754 " 10.6 +0.8 b 7.10 * 0.13
-102A1 IR 10.1 *0.8 b 10.08 * 0.13
-10282 " 8.1 *0.6 b 10.41 * 0.13
 =102B1 1IR,grn. 3.8 0.3 b 9.30 * 0.14
-102B2 IR/grn. 11.2 *0.9 b 9.28 * 0.15
-15B black =~ b 1.92 * 0.10
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Hf

-15B

black

Samnle = Color - . Zn
~HKCV3 blue 2.52 + 0.24 21
-GM2 gy-gr. 19.84 + 0.61 . 59 £ 5 .
' -GRY9  gr-yel. 24.16 + 0.62. 27 +3
~GM1 bl-gr.  1.88 + 0.10 68 * 3
-IR13 IR . 1.76 + 0.11 54 *3
-183H " 2.28 t+ 0.22 84 *+8
-183G - " 2.28 + 0.20° 54 * 6
-1728 " 1.96 + 0.17 31 t 6
-B8  blue  1.48 * 0.07 72 t2
-3295  grn. "15.04 * 0.43 28 *4
-1740 " 15.78 + 0.54 59 %6
-174B " 18.29 t 0.57 63 5
- -175B  bl-gr. = 15.59 * 0.57 - 30 7
-1754 " 14.56 * 0.52 33 *g
-10241 IR 16.45  0.55 41 *5
~102£2 " 17.77 £ 0.59 41 5
-102B1 1IR,grn. 14.17 * 0.50 69 +7
-102B2 IR/grn. 11.24 * 0.45 44 +6
2.40 * 0.25 58 7
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_Valley.Burial: Neutron Activation Analysis

Transparent Green Beads from the Mjelele

. Ai>(%)

%)

Sémﬁle . c1 ( Mn
MJE-20  4.19 £ 0.32 0.30 % 0.22 323 + 20
MIZ-214  4.25 % 0.30 0.24 + 0.19 = 344 * 16
MJ5-213  4.02  0.72 2.0l + 0.29 1,714 * 33
MJE-22  2.45% 1.08 1.41 * 0.35 3,204 * 58
Sample ‘Na (%) Cu U
MJE-20  13.37 ¢ 0.14 10,451 % 192  177.37 % 1.0l
MJE-21A 13.29 %t 0.15 7,883 *.167 352.22 * 1.87
MJE-21B  18.61 % 0.20 13,438 * 264 181.21 * 1.03
MJE-22  13.77% 0.16 27,764 + 425 169.71 + 1.04
Samole Sm Co se
MIE-20'  7.00 % 0.23  7.38 * 0.32  7.76 + 0.06
MIE-21f  8.12 * 0.42 ° 5.73 £ 0.26 © 6.92 * 0.04
MIE-21B 0 3.10 ¢ 0.24  11.25 % 0.44  4.05 * 0.05
MIE-22  3.31°%f 0.24  35.64 * 0.94  5.48 * 0.08
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Sample Fe (%) Y Ta
-20 1.64 +0.04  3.08 + 0.13 0.99 t 0.01
214 1.38 +0.03 3.22 %+ 0.11 0.99 + 0.01
-21B 1.44 +0.05 0.66 + 0.12- 0.34 t 0.01
-22 1.52.+0.07 1.01* 0.19 0.53 t 0.02
Sample Sb " Sn Th
-20. 2.3t 0.3 g 17.49 * 0.21
-214 3.2 % 0.3 g 18.00 * 0.17
-21B 7.3 % 0.5 g . 9.99 *0.19
=22 42.5 % 2.2 1,889 t 23 15.02 * 0.29
Sample - . Hf Zn
-20 8.57 + 0.44 ~ 52 t 8
=21 7.60 + 0.37 257 + 8
-21B 2.62 + 0.36 165 t 11

4.49 t 0. 663 + 22
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Notes to Table 11

All data are givgn'in parts per million unless otherwise indicated.
Elements_imprecisely-detgrmined‘for the TWBCG are excluded from this
Table. For samples in this Table, the upper_limits of concentration,
with represenﬁative counting errors,-are: Mg, U t 2%; Ca, 9 = 2%; V,

160 * 30 ppm; Dy, 8 * 1 ppm; Cu, where not used as an additive, 700

+ 200 ppm; K, 6 * 1%; Sr, 0.2 * 0.1%; Ga, 600 * 250 ppm; In, 10 * T ppm;

As, in KIL-HKCV3 (cqlored by Co) is_hh2.3 + 6.6 ppm; otherwise the upper
limit‘is 160 = 7 ppu; W, 3.5 £ 1.0 ppm; Sn,'wheré_not used és-an addi-
tive, 480 10'p§m; Cs, 1.2 + 0.3 ppm; Ag, 29 + 1 ppm; Ir, 0.040 * 0.005
ppm; Hg, assuming none>ié lost in the reactor, 0.5 * 0.3 ppm; Eu, 1.5

+ 0.2 ppm; and Tb, 0.58 # 0.05 ppm.‘

The surface is decayed to a greenish-black. The decayed surface was

not analyzed;

Transparent.

Streaked.

Not détermined.

Elements imprecisely deterﬁined for the TWBCG are excluded from this
Table. For samples in this-Table, the upper limits of concentration,

with representative counting errors, are: Mg, 4 + L%; Ca, 9 * L4%; V,

250 + 125 ppm; Dy, 9 * 2 ppm; K, 4 £ 2%; Sr, 0.09 + 0.07%; Ga, 200 * 200

ppm; In, 20 + 13 ppm; As, 95 + 9 ppm; W, 1b + 5 ppm; Ag, 15 + 2 ppm;
Cs, 5.7 + 0.3 ppm; Sn, where not used as an additive, 550 * 50 ppm;

Ir, 0.006

(B

0.006 ppm; Hg, assuming none is lost in the reactor,

2.5 + 0.5 ppm; KEu, 1.2 * 0.2 ppm; and Tb, 0.86 * 0.08 ppm.
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Table 12. Aversged data of the TWBCG?

Grouving B o A1 (%) cl (%)
4. By Site | |
Tort Jesus = . 3.41% 0.39  1.37 £ 0.26
fwanze . 4.02% 0.54 1.50 * 0.28
Dambarare . 3.68% 0.41 1.38 * 0.32
Matendere . 4.06 % 0.37 1.55* 0.26
~ Dhlo- Dhlo = S 3.55* 0.81 1.65 * 0.30
Vohémar . 4.05t 0.79 1.22 * 0.42
Kilwa, Period IIIb 1 4.08* 0.46 1.54°*t 0.23
Kilwa, Period IV © 4.21% 0.78 1.45 % 0.19
Gereza (Kilwa, Period V) 3.78 % 0.50 1.55 ¢ 0.18
Bambandysnalo . 4.55* 0.21 1.03 * 0.25
Chibvumani - 3.59% 1.14 1.47 * 0.39
Ingombe Tlede 3.52% 0.28 1.45* 0.17
' Mod jad je's location o 3.31% 0.51 1.57 * 0.47
Mjelele Valley Burial 3.36'% 0.64 1.43 * 0.28
~ B. By Color end Additives o

© vlack . . 3.99% 0.73  1.52 * 0.41
 blue-green, high Sn® = 3.80* 0.90 1.51 * 0.25
blue-green, low Sn 3.51* 0.69 1.46 * 0.25
 Indian red, high Sn 3.66 * 0.29 1.34 t 0.28
Tndisn red, low Sn- 4.12 % 0.56 1.16 * 0.39
greenis%»vwz1bw, high Sn 4.01%.0.99 1.44 * 0.29
greenis L-,\llow, low Sn 4.30 * 0.51 1.62.%t 0.24
yellow o - 3.62%* 0.63 - 1.30 %t 0.21
oranze . 3.20% 0.50 . 1.34 * 0.24
_cobzlt blue - 3.75% 0.55  1.64 * 0.34
C. For the TWHUG = 0 3.81% 0.69 1.44 * 0.34
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Grduping Mn Na (%)
L. By Site .
FJE 602 * 198 15.09 * 0.98
UL 390 * 97  15.05 * 0.67
DAM 528 * 132  15.40C * 0.87
MAT 433 * 194  14.81 * 1.06
" DHL 366 * 246  15.41 * 0.85
VOH 376 + 66  14.09 * 0.94
KII~-IIIb 423 * 108 16.23 * 0.94
KII-IV 446 * 94  15.72 * 1.11
GER 328 * 38  15.68 * 0.45
BAM 480 * 101  12.03 * 1.58
CHI 348 * 113 15.04 * 3.23
ING 412 * 81 15.06 * 1.37
MOD 301 * 44 15.0% * 0.61
MJE 712 * 990  14.54 * 1.04
. By Color
‘black . 646 * 701  15.08 * 0.98
"bl-gr., high Sn 450 * 120 15.36 * 0.56
bl-gr., low Sn 312 * 58 15.28 * 0.81
IR, high Sn 514 * 141  15.24 *1.62
IR, low Sn 507 * 147 1%3.95 %.2.59
gr-y., high Sn  41% * 100 15.02 "% 2.20
gr-y., low Sn 427 * 58 15.81 *0.88
yellow 496 * 334  14.18 * 1.28
orange 598 * 388 14.18 +0.85
co bl. 427 %235  15.33 *0.67
C. For the TWBCG. 450 * 271  14.96 * 1.53
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‘Table 12. continued

Grouping .- - Cu o U
A. By Site - |
FJE | n.a> - 105.09 + 31.51
ws n.a..  111.52 £ 50.58
DAM  © n.a.  132.95 + 38.53
MAT ~ n.a. 104.05 + 22.23
~ DHL ‘'n.a. 70.48 * 49.34
~ VOH - ~ n.a. 102.10 + 34.43
CKIL-IITOL n.a. 127.48 +  37.84
KIL-IV ‘n.a.  174.50 * 42.04
GER - | ~ n.a. 85.48 + 14.34
BAM - n.a. 105.99 *  43.65
CcBL . . n.a.  153.94 £ 98.59
mwe - n.a. 184.58 + 122.86
MOD . n.a.  74.85 t  26.89
MIE . n.a.  92.36 * 40.86
B. By Color - ' | | '
black o d 132.85 * 45.68
bl-gr., high Sn 5,781 * 1,615 140.59 * 36.47
bl-gr., low sn 4,897 * 933 84.54 t 49.35
IR, high Sn. 5,032 * 880 119.75 % 43.55
IR, low 3n 6,170 * 6,221  110.06 * 41.12
gr-y., high-sn 4 176.05 * 96.93
gr-y., low Sn a 128.84 * 56.85
yellow . d ©95.70 * 19.22
oranze d 172.56 = 44.53
co bl. a 89.79 * 39.02
C. For the TWBCG 5,449 *3,683° 112.43 * 54.91
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| Grouping Sm Co-
A. By Site
FJE 2.77 + 0.80 n.a
LUA 4.20 £ 1.00 n.a.
DM 4.17 + 0.85 n.a
MAT ‘4,52 t 0.62 ‘n.a
 DEL 2.84 + 1.12 ‘n.a
COVOH " 4.06+ 0.81 n.a
KIT~IIIb 4.48 + 1,22 n.a.
KII~IV 5.70 * 1.34 n.a.
GER 3.57 % 0.28 n.a.
BAM 4,98 + 1.01 n.a.
. CHI 4.55 * 2.35 n.a.
- ING 5.45 + 0.93 n.a.
-~ MOD - 3.04 £ 0.72 n.a.
MJE | 3,20t 0.58 n.a.
" B. By Color;_ v -
' black o 4.52 * 1.37 22.45 + 10.48
bl-gr., high Sn 3.75 % 1.17 68.18 * 67.%2
 bl-gr., Iow Sn  3.23 %t 1.16 74.77 *+ 48.00
IR, high Sn 4.40 * 0.84 20.33 ¢+  8.20
IR, low 3n 4.60 * 1.39 23.07 *+ 15.19
gr-y., high Sn  5.48 ¢+ 1.73 10.53 +  3.40
gr-y., low Sn . 5.24 % 1.48 10.17 £ 2.06
yellow 3.25* 1.28 S 9.72 £ 2.52
orange 3.12* 0.75 . 10.87 % 5.68
co bl. 3.50* 0.75 1,110.84 £ 437.32
C. For the TWBCG 4.03 % 1.43 1,110.84 * 437.32°
34.70 *+  40.37%
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Grouping Sc Fe (%)
£. By Site | |
FJE 4.48 *1.76 1.45% 0.64
LUA 6.13 +0.90° 1.98 + 0.58
- DAM 5.95 +1.67 2.56 + 0.72
MAT 6.34 +0.74 2.10* 0.83
DHL 4.04 +1.40 1.18 % 0.44
VOH 6.57 +0.95 2.19* 0.66
KII~-TIIb 6.63 +1.60 2.00+ 0.40
KIT-IV 7.35 +1.18 2.15 + 0.51
GER 6.32 *+1.25 2.26+ 0.71
BAM 6.83 +0.89 2.90 + 0.63
CHI 6.24 +2.34 1.81 % 0.50
CING 7.05 +1.61 ~1.98't 0.43
MOD 4.65 +0.92 1.29 + 0.25
 MJE 5.00 *#0.97 1.37 £ 0.25
B. By Color _ '
black ~ 6.34 $0.94 1.87 % 0.52
bl-gr.; high Sn 5.73 +1.58 1.88 * 0.63
~ bl-gr., low Sn - 5.16 *1.75 1.61 * 0.77
IR, high Sn 6.54 +1.90 2.78 * 0.65
IR, low Sn 7.26 +1.30 2.90 * 0.66
gr-y., nigh Sn  7.33 t1.85 2.11% 0.48
gr-y., low Sn . 6.70 *1.65 1.76 * 0.38
yellow 4.82 +1.71 1.31 t 0.46
oranse 3.85 *£0.81  1.05 + 0.23
co bl. 5.12 +0.9%  1.57 * 0.30
oL Tor the TYWRSG  5.93 +1.74  1.93 % 0.78




‘Table_12.‘ continued
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Grouping Yo Ta
A. By Site |
FJE 1.07 £0.38 0.47 + 0.08
LUA 1.42 +0.27 0.57 + 0.06
DAM 1.36 *0.36 0.55 + 0.18
MAT 1.57 £0.13 0.63 + 0.06
‘DHL 0.87 +0.32 0.47 + 0.13
VoH 1.36 £0.43 0.59 + 0.10
KII~IITb - 1.50 *0.54 0.74 t 0.27
KIL-IV © 1.74 *0.51 0.96 *+ 0.32
GER 0.99 *0.33 0.50 + 0.03
BAM 2.45 *0.37 1.06 * 0.36
 CHI - 1.44 t0.66 0.75 % 0.43
ING 1.62 *0.41 0.86 + 0.18
MOD 0.94 *0.24 0.58 £ 0.21
MJIE 1.09 *0.35 0.54 + 0.10
B. By Color ' '
black 1.42 *0.26 0.70 £ 0.22
bl-gr., high Sn 1.33 *0.37 0.59 * 0.14
bl-gr., low Sn 1.09 *0.34 0.53 + 0.16
IR, high Sn 1.79 *0.85 0.79 + 0.53
IR, low 5n 1.79 *0.55 0.79 * 0.30
er-y., hieh Sn 1.78 *0.65 0.91 *+ 0.39
gr-y., low S$n 1.80 *0.738 0.92 £ 0.32
yellow 1.28 *0.50 ©0.58 ¢ 0.19
orange '1.02 *0.04 0.45 + 0.10
co bil. 0.91 *0.30 0.54 * 0.13
C. For ithe TWBGG = 1.38 *0.56 0.67 *.0.29
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Table 12. continued

Grouping .~ Sb Sn

&, By Site |
CRIE 0 11.63 +24.33

. .
LUk ‘-  2.85 t 2.34 n.a
DM © 5,32 + 3.31 - n.a.
MAT - 3.07 % 5.17
DHL -~ - 5.00 * 3.06 .
CVOH 39.25 $49.49  n.a.
KII~TITb 7.94 t 6.47 |
KIL-IVv. .~ 7.71 #13.91
GER . 5.16 * 3.92
BAM . 27.98 t 8.67 .a.
CHL ~  8.92 t 9.72 8.
ING . 5.99 * 8.79 .a.
S MOD - 7.12 * 5.59 .a.

. MJE - 11.75 * 6.30 n.a.

- B. By Color | ,i ‘ v :
black - 2.34 t 4.56 o a ,
bl-gr., high Sm 19.07 *21.73 2,584 +1,548
bl-gr., low Sn  7.26 * 4.31 . a
IR, high Sn - 10.39 *10.51 1,176 * 659
IR, low Sn . 12.94 *10.14 | a
gr-y., high Sn. 3.45 * 4.63 1,534 * 487

‘gr~y;, l_ow,Sh 7.18 *18.07 o a
Cyellow 30.94 *41.88 5,163 1,730
orange 0 79.05 *64.85 9,523 12,677

co bl. . 2.73 t 1.88 a

C. For the TWBCG 11.41 *21.47. 3,369 * 2,742




Table 12. continued - |
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Grouvning Th B
A. By Site N
FJE - 14.69 . + 4.56 4.26 + 2,38
LUA 27.67 $19.84 . 6.65 * 3.46
DAM 29.78 +15.10  6.30 t+ 2.99
MAT 27.57 + 3.28  6.29 * 2.62
DHL 17.88 + 6.26  4.30 * 3.25
VOH 19.96 + 4.80  4.81 * 1.54
 KIL-IIIb 21.53 + 9.04  4.44 * 1.30
. KIL~IV. 28.80 +11.77  4.84 * 1.64
GER - 18.90 + 0.91  3.86 * 0.63
' BAM 39.19 $20.68 21.41 * 7.90
CHI 22.19 $10.38  3.78 * 1.68
CING 20.54 * 1.70 5.34 * 1.29
MOD 19.46 + 8.04 4.22 t 1.90
MJE 17.17 + 5.76  4.13 * 1.13
B. By Color . o
 black . 17.95 + 6.40  4.78 t 1.34
‘bl-gr., high.-Sn 17.65 t 7.17 4.76 * . 2.40
bl-gr., low Sn  18.25 + 5.98  3.80 * 1.41
IR, high Sn. . 41.30 $21.49 13.21 *13.82
IR, low Sn 24.00 $12.15  8.68 * 7.41
gr-y., high Sn = 25.64 + 9.54  4.95 * 1.49
cr-y., low Su - 32,02 + 9.20  5.7% * 1.56
yellow 16.10 * 5.90  6.34 * 6.56
orznge . 14.67 + %.63  3.75 % 1.13
co bl. 21.06 * 6.40  5.13 * 2.77
C. Por the TWhCG  22.16 #10.90 5.94 't 5.40
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Mean RMSD® (%)

Grouping : Zn
A. By Site
FJE “n.a. 43.1
LU n.a. 31.5
DeM n.a. .n.a.
MAT n.a. n.a.
DHL n.a 40.9
VOH n.a. 31,3
KII~ITIb n.a. n.a.
KII-IV n.a. 35.8
GER n.a. 19.3
BAM n.a. n.a.
CHI n.a. ‘Nn.a-.
~ING n.a. n.a.
MOD n.a. 30.0
MJE _ n.a. n.a.
B. By Color
" black \ 73.14 *  43.46 44.%
bl-gr., high Sn. - 285.10  146.10 34,73
"bl-gr., low Sn C71.34 + 91,77 32.9
IR, high Sn 178.24 +  36.43 n.a.
IR, low Sn 153.30 * 111.63 37. 4
gr-y., high Sn 56.25 + 34,22 38.4
- gr-y., low sn- 50.00 * 13%.96 40.6
S yellow 474.87 * 322.25 45.2
orangs 2,564.90 * 452.82 n.a.
co bl 2 200. 31.3
C. Por the TWRIG  2,561.7 * 452.7° 37.1 by site”
o | 155.2  * 185.5° 38.1 by color
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Notes to Table 12

Mean and root mean square deviation (see Chapter 3)_aré given, in

parts per million'unlessuotherwise indicated. Only groupings having

. three or more members appear here. Where no determination was made
for an.elément,'the semple is omitted from the average of that element.

- Pb was estimated on grouped'samples by X-ray fluorescence analysis.

The results are: for black,'& 0.02 - 0.2%; blue-green with high Sn,
~ 0.1 - 3.%; blue-green with low Sn, < 0.1%; Indian red with high Sn,

" 0.3%; Indian red with 16w Sn, ¥ 0.3%; greenish-yellow with high Sn,

~ 0.02 - 2.%; greenish-yellow with low Sn, v 0.02%; yellow, " 3.%;

-orange;, Vv 6.%; cobalt blue, < 0.1%.

High Sn is 2_800 ppm, low Sn is < T0O ppm.

Not applicable.

Imprecisely determined due to concentration at or near the lower limit
of qﬁantification.

Applies to cases where the additive was apparently used.

"Applies to cases where the additive was apparently not used.

Root mean square deviation. Calculated only for groupings containing
eight samples or more, using only the 13 elements consistently deter-
mined.

If GER is omitted, the mean RMSD is 35.4%.



Table 13. Dating

of the Trade Wind Bead Chenical Group:in Africa and Madagascar

Site A. D. Date Majof.BQSesvof Date References
" Bambandyanalo - 1050 + 65 o, y-135-17 Fagan 1965
~.Mapungubwe 1380 + 60 clu,'Y—135—ih ' "
1420 + 60 M, v-135-9 "
Mapela 1280 * 95 '-c+?, SR-115 Fagan 1967
Kilwa, Period II " e. 1150-1300 ceramic/numismatic/ Chittick 1966,
o 1160 + 110 ot y-os6 Fagan 1967

Péribd Iiib'
Periods IV, V
Gereza (Period V)
Gedi ‘
Kaole House

Ingombe Ilede

Engaruka

¢. 15th century

¢. 16th through

19th centuries

c. 19th century

1775 + 90

" pre=1399

pre=15th century
1340 + 85

1445 + 85

c. 15th to 18th
centﬁries

1khs + 85

»thO 90

1480 + 110

1650 + 100

1750 + 100

+ I+

+

historic/architectural/ .

ceramic/numismatic

'daﬁing not firm (poor'preser-

vation in late'parts of site)
estimate

ct*, sr-155
inscription/Stratigraphic
ceramic/stratigraphic

¥, 6x-1368

ct*, cx-1369

best estimate

, GX-900
, GX=2u47
N-1892
, N-1893
, N-189L.

a o a a o
-

Chittick 1966

Chittick 1966,
Chittick 1969

R
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. )
Phillipson 1970

Kirkman 1960

Chittick 1959

Phillipson 1970,
Phillipson and Fagan 1969
Phillipson 1970,

Sassoon 1967




Table 13. continued

Dhlo Dhlo

Fort Jesus

Modjadje's location

c. 1700 -

¢. 17th-18th =

centuries

c. 1937

" ceramic/stratigraphic/

historic (Fort constructed
in 1593)
ethnogreaephic

Garlake 1968

-Kirkman 1969

van Riet ILowe 1937

Site A. D. Date Major Baées of Date .References~
Vohénar © 1550-1750 Verin 1970
Luanze 1580-1680 historic/ceramic _ GCarlake 1968 -
* Dambarare A - 1570-1750 historic/ceramic .
Nyengwe Fort (Inyanga) ¢. 16th-19th = estimaﬁe (ceramic/bead) Surmers 1967
- o centuries | » ' ' ‘_ '
Khami . 1Tth-18th cersmic Robinson 1959,
| centuries = Garlake 1968,
post-1450 + 95 clh, SR-94 Fagan 1966
ceramic Caton-Thompson 1931,

N

-0fec-



 Table 1k. Sites in Figure 1k

Map No. Site and Abbreviation Chief References
1. Kopia (KOP) Dikshit 1969
2. Nagara (NAG) Ghosh 1966, 1967
3. Cambay —
b, Akota (Baroda) Subbarao 1953
5. Ujjain Ghosh 1958
6. Nasik Sankalia and Deo 1955
7. Nevasa ‘Sankalia gﬁ_gl, 1960
- 8. Paithan (PAI) Dikshit 1969
- 9. .Si‘rpu.r ' ibvid.
10. Ter (TER) ﬂ ibid.
11. Kilhapur (koL) . ibid.
12, Goa | ——— .
13. Maski (MAS) Dikshit 1969, Thapar 1957
1k, Kadkal (KAD) Dikshit 1969
15. Kanchipuram - Subrahmanyam and Raman 1967,
| o Ghosh 1965
16. Arikamedu (ARI) Wheeler 1946
17. Kaveripattinam (KAV) Ghosh 1965
lb8. Negap'atamv Lavanha 1597




Table 15a. X-ray Fluorescence Anélysié of Glass'Samples

of the Early Historic Period in India®

Sample Color : Mn Fe Co _ Cu Zn - o Rb ..
KOL-1  cobalt blue, white 0.7 *+ 0.2 0.45 + 0.08 0.05 ~ 0.015 N 00005 0 <0.01
. TER-1 pale blue-green <0.1 0.30 + 0.06 ' <Q-OS _ N 0.006 v 0.003 - 0.01
KOP-1  pale blue-green <0.1 0.7 £0.2.  <0.05 v 0.005 . 0.01 0.01
ARI-1  Indian red 0:2+£0.1 1.2 #£0.2  <0.1  1.2%0.2  <0.05  0.005
ARI-2  green | <0.1 1.6 +0.3  <0.1 1.2t0.2  <0.05 - b
Sample Sr Zr , Sn | Sb ' Ba - Pb U .,
| | L
. - w
KOL-1 0.07 # 0.01 - 0.02 1.k + 0.2 <0.01 0.30 + 0.0k <0.03 b P
TER-1 "~ 0.008 . " 0.00k <0.02 <0.005 . 0.02 T <0.02 b
KOP-1 | 0.02 0.01 ~ <0.005 <0.005 0.05 * 0.01 <0.03 b
* ARI-1 0.04 % 0.01 0.02 <0.005 <0.005  0.09 * 0.02 <0.05 b
b

- ARI-2 e c  0.T7T% 0.1 <0.005 0.07 = 0.02 6.3 + 0.8

BA11 data are given in percent. In all specimens the upper limit for As is 0.04 %. Specimens_TER-l'
and KOP-1 both contained v 0.002% Mo. Specimen KOL-1 contained 0.01% Ni.

bNot detected. The threshold of U detection depends on several factors, but this'threshold is usually
around 50 ppm. ' ' : '

cHigh lead content prevents determination of these elements.




Table 15b.

Identification of Samples

Culture

-gg2-

Samp) Bite Description'
KOL-1 Kolhapur Déccan, » :Cobalt blue transparent tetragonal bead with double
' Satavahana dynasty  opaque white disc inside, transecting axis, forming
(c. 100 B.C.-200 double white stripe on perimeter.
A.D.)(Dikshit 1969) . _
- TER-1 Ter- " ' Pale blue-green transparent hexagonal biconical bead.
KOP-1 = - Kopia Mound, with glass- Pale,blué—green transparent. chunk.
o working debris and ‘ :
artifacts of ¢. 2nd-
- 3rd century A.D.
Uttar Pradesh.
(Dikshit 1969)
ARI-1 Arikamedu Glassworking site, = Opaque Indian red chunk.
: Indo~Roman, SE-
coast. (1lst century
A.D., Wheeler 19L6) .
ARI-2 " n ' Opaque green reheated cane bead, perforation incomplete,

- color incompletely mixed, giving streaks of opaque green

and opaque yellow.




Table 16. X-ray Fluorescence Analysis of Glass from Sites

of the Medieval Period in

India. Part la. Non-factory Sitesa

Sample Color. Mn Fe Cu ' Zn Rb
KOL-2 = green (over  <0.1 1.4 + 0.3 0.5 * 0.1  <0.03 <0.01
yellow) _ S . _ '
. KOL-3 blue~green' <0.1 0.8 £ 0.2 0.4 # o}l» <0.03 - 0.01
KAV-6  yellow - - <0.1 1.0 £ 0.2 0.05 # 0.01 0.01 b
CKAV-T  yellow <0.1 1.0 0.2 0.0k £ 0.01  0.03 b
KAV-2  yellow-green  <0.1 0.7%0.2 _ 0.7 0,2 ~ 0.02 b
KAV-1  green <0.1 0.7+ 0.2 0.32 % 0,05  <0.01 b
KAV-8  blue-green <0.1 1.0 £ 0.2 0.8 + 0.2  <0.01 <0.01
KAV-10. Indian red <0.1 1.6 £ 0.3 1.L £0.2 <0.01 <0.01
KAV-9  Indian red 0.21 * 0.07 1.1 # 0.2 1.3 * 0.2 <0.01 0.01
KAV-3  black 0.5 0.1 0k t0.1 0.02 0.03 0.02
KAV-L black 0.5 * 0.1 0.4 + 0.1 0.01L 0.03 0.02
KAV-5  black, white C.h * 0.1 1.0 £ 0.2 0.05 £ 0.01 0.02 <0.01

_1183_



Table 16. Part la. concluded

Sample - Sr - . Zr - Sn | ~ Ba . 2 U

KOL-2 0,05 % 0.0L 0.11 * 0.02 0.25 * 0.0 0.10 £ 0.02 0.5 0.1 ¢
KOL-3 0,03 . 0.03 0.03 % 0.0L 0.08 + 0.02  0.20 £ 0.05 ¢
CEAV-6 . 0.06 £ 0.02  0.05% 0.0L 0.37 * 0.06 0.10 % 0.02 2.8 0.k b
KAY-T. b b 1.2 *0.2  0.06%0.02 1l. t2. b
rAV-2 ~ 0.07 £0.02 0.0k ¥ 0.0L 0.5 *0.1  0.07 % 0,02 4.5 + 0.5 b
KAV-L . 0.03°  0.09 ¥ 0.02  0.35 £0.06 0.15% 0.03 1.6 0.2 b
KAV-8 - 0.03 0.05 % 0.01 0.13 * 0.02 0,11 £ 0.02 0.09 * 0.03 c
KAV=10 0.02 0.09 *0.02 0.25%0.04 0.06 0.0l 0.6 * 0.1 c
KAV-9  0.0h % 0.01 0.03 <0.005  0.08 £ 0.02  <0.03 c
KAV-3 . o0.02 0.02 <0.005 0.1k * 0.03 <0:03 - c
KAV-U - o0.03 0.02  <0.005 0.16 £ 0.03  <0.03 = ¢
KAV-5 0.0k £ 0.01 0.03. " 0.006 ©0.22°'%0.04 <0.03 - c

-S€e-

%\11 data are given in percent. In all specimens, the upper limit for As was.0.0h%.except that in
specinens XKAV-1, -2, ~6, and -7 this is uncertain due to the interference from Pb. In all specimens
the upper limit for Co was 0.05%, and for Sb, 0.01%. : o

bHigh Pb content interferes with determination of this eiement.

®Not detected. The threshold of U detection depends on several factors, but this threshold is
usually around 50 ppm. ' .



Table 16. Part 1b. Identification of Samples

Semsle Site Culture - Description
KOL-2 'Kolhapur Deccén, Bahmani Green transparent over yellow opague core, reheated
' dynasty (1435-1518.  cane bead. :
‘ A.D.)(Dikshit 1969) o o _
KOL-3 " "o  Blue-green transparent reheated cane bead.
KAV-6 Kaveripat— Seaport of the ~  Yellow opaque to translucent reheated cane bead.
: tinam ~ Chola kingdom, c¢. 850~ A :

1300 A.D. (Panikkar
1963)(Sinha 196k)

KAV-T " . " . o on w " oon ' | ", u. TR

KAV-2 " » S . Yellow green opague to translucent reheated cane bead.

KAV-1 " " : Green opague to translucent reheated cane bead. :

KAV-8 " " R Blue-green translucent reheated cane bead. o
. . o

KAV-10 " " - Indian red opaque reheated cane bead. -

KAV-9 no ‘ o ‘ _ " " T n "o '

KAvV-3 " " ' © Black opaque reheated cane_bead.

ICAV"I‘- " ‘ . . " o . . " ) " " 1" . 1" N

KAV-5 . " : " Black opaque blcone, w1th white stripe marvered in

eround perimeter.




 Table 15. X-ray Fluoréscence Analysis of Glass from Sites of the

i as s e Toas . . . - , a
Medieval Period in India. Part 2a. PFossible Factory Sites in the Deccan

Sample 

PAT-3

S coler . Fe cu~ = m s
VMAS—S . cobalt blue  0.36 + 0.07 _o.ohnifo,ol 0.0k £ 0.01. b S -7bv
MAS-2  black 5.9 +1.2 V0.0l N 0,01 a0l v 0.02.
MAS-8 . yellow-green 2.1 % 0.k <0.02 0.01 -'0,02" O 0.02
ASS10b  yellow 1.8 0.3 0.0 - 0.0 b 0.0 %0.01
14S-102  blue-green 1.3 0.2 0.8 * 0.2  <0.03 <0.01  0.03
 MAS-6  green (over 1.7 #0.3 - 0.b 0.1 <0.03 . <0.0L 0.0k % 0.0l
yellow)- A _ T o : K R : oo -
MAS-9  blue-green 1.0 #0.2 0.5 *0.1  <0.03 0.0l - 0.02
MAS-1  green © 1.5 +£0.3 0.6 %0.1 = <0.03 . <0.01 0.06 + 0.01
 MAS-3 ~ Indian red 1.6 % 0.3 1.9 * 0.3 ©<0.03 <0.01 - 0.03 t
| MAS-k Indian red 0.9 0.2 0.7 +0.1  <0.03 <0.01 0.04 % 0.01 =
| MAS-T yellow-green 1.1 + 0.2  0.24 £0.05 0.06 + 0.02 -~ b -~ 0.02 |
KAD-1b - yellow 1.7 + 0.3 0.04 * 0.01 0.0l . b . 0.06 * 0.02
 KAD-1a greeﬁ 1.8 £0.3 - 0.40°t 0.06  <0.03 ' <0.01 - 0.05 % 0.01
PAI-1  green 1.6 0.3 0.7 £0.2  0:06%0.02 b b
PAI-2 ‘blue-green 0.8 *0.2 0;8‘ + 0.2 <o.o3 . o.02 0.02
blue-green 0.8 * 0.2  -0.30 * 0.05 ~ <0.03 . 0.01 - - 0.03




Table 16. Part 2a. continued

Sample - 7 Sn  Ba P v
MAS-5 o b 0.016 * 0.004 0.0k % 0.0L 3.0 £ 0.k %
MAS-2 0.11 % 0,03 <0.005. 0.0k *0.01  <0.03 . ¢
mAs-8 0.02 ~  0.023 # 0.005 -0.04 * 0.01 0.10 * 0.03 ¢

MAS-105 0.05 * 0.01 0.27 + 0.0b  0.08 * 0.02 2.0 0.3 b
MAS-10s - 0.05 + 0,01 0.09 * 0.02° = 0.06 + 0.01 0.20 + 0:04 ~ ¢
MAS-6 10.02 0.22 * 6;031 0.0k + 0.01 o,ﬁ £ 0.1 c
MAS-9 0.0b % 0.01 0.012 % 0.00L  0.06 £ 0.01 = 0.07 # 0.02 - ¢
MAS-1 © 0.04 * 0.01 10.12 + 0.02° 0.05 £ 0.01 0.09 # 0.03 ¢
MAS-3 ~ 0.03 <0.005 - 0.06 + 0.01 0.02° c
MAS-b © 0.0h % 0.01 0.01k + 0.004 0.07 + 0.01L = 0.04 Xy
MAS-T 0.00 - 0.24 #0.04°  0.03 2.1 0.3 b
KAD-1b 0.05 + 0.0L 0.35 # 0.05° ~0.06 £ 0.0 3.0 # 0.4 b
KAD-la  0.06 * 0.01 0.10 # 0.021 0.07  0.0L 0.37 £ 0.05 c
PAT-1 b 0.38 + 0.06% 0.04 * 0.01 4.1 * 0.5 b
PAT-2 0.09 + 0.02 0.14 # 0.02.  0.07 * 0.01  0.14 % 0.0k . c-
PAI-3 0,07 * 0.02 0.023 * o.oos 1 0.12 £ 0.02  0.09 * 0.03

o

®A11 data are given in percent. Specimen MAS~-5 contained 0 ll 0 0h7 Mn and 0.08 + 0.02%
Co. For all other specimens, the upper llmlt for Mn is 0.1%, for Co, 0.05%, for Sb, 0.05%,
end for As O. 03%

_bHigh P content ihterferes with determination of.this element.

Not detected. The threshold of U detection depends upon several factors, but this
“threshold is usually about 50 ppm.

_Bsz-



‘Table 16. Fert 2b.

Identification of Samples

Sample

_Cultufe__ Description
MAS—S Yoaski 'ﬁeccan, c. 1512 A. D., deted Cobalt blue trangparent bangle.fragment.
' ' ‘at Kadkal, .11 miles distant S o I
. (Dikshit 1969) _ L
MAS-2 " ' " Black bpaque wound elliptical'bead
MAS-8 " S Pale yellow—green transnarent bangle fragment,
S : with yellow opaque trim, trim not analyzed.u [
. MAS;lOb[ " " Yellow opaque to ‘translucent port1on of com=. .
: 5 .p031te bangle fragment : : s
MAS—lOé -'ﬁ " Blue-green ‘translucent portlon of composite o
) ' bangle fragment (same as 10b).
MAS-6 " " Green transparent over yellow opaque.core,.
S bangle fragment. _ ‘
MAS=9 " " Blue-green translucent bangle fragment.
MAS-1 - " " Green translucent chunk.
MAS-3 " " Indian red opaque reheated cane bead.
.MAS-LI» 1t " " 1" w o " "
MAS-T - " " Yellow-green opaque to translucent outer 1ayer
_ _ o of a cored bangle fragment. ‘
KAD-1b Kadkal 'Deccan, ¢. 1512 A.D., by Yellow opaque to translucent portion of compo-
‘ ‘impressions of Vijayanagar site bangle fragment.
coins (Dikshit 1969)
KAD-1la " " Green translucent portion of comp031te bangle
» fragment (same as 1b).
PAT-1 Paithan Deccan, g, 1512 A.D., Green opaque to translucent bangle. fragment,
dated at Kadkal with colorant distributed near surface only.
PAI-2 " v " Blue-green translucent chunk. '
:;AI_B " "

Blue-green translucent spirally twisted bangle
fragment.




Table 16. X-ray Fluorescence Anslysis of Glass from Sites of the

Yedieval Period in India. Part 3a. Possible Factory Site in Gujerata

Sample' Celor Mn Fe Cu Zn . Sr
NAG—L?QBA cobalt blue, 0.6 * 0.2 0.44 + 0.08 YO;Oh-t‘O.dl " 0:007 - 0.0511 0.01
vhite : : . : ' o : ] :
WAG-528  cobalt blue  0.07 1.6 +*0.2  0.08 +0.02 0.0l 0.02 | .
lAG-660  blue-green  0.11 £ 0.04° 0.7 * 0.2 0.7 +0.1  <0.02 0.03
NAG-186  black <01 2.1 to0. 0.0 .  0.02 . 0.02
WAG-610  black <0.1 3.2 % 0.6 0.26 + 0.05 0.0 ~  0.03
NAG-462  black <01 3.2 +0.6 0.03 0.0 . 0.07 * 0.02
NAG-500" mottled <0.1 4.7 +0.8 0.0 . 0.02  0.05 % 0.01
NAG-LT2 gray-green - <0.1 2.0 + 0.4 <0.02 0.01 _0.06 + 0.01 '
NAG-1029  gray-green <0.1 3.0 +0.6 <0.02 <0.01 0.07 * 0.02 E%
NAG-100  purple 0.5 * 0.1 0.35 + 0.07 <0.02 <0.02 - 0.06 £ 0.01 '




'bnot detected.  The threshold of U detection depends upon several factors, but this

Table 16. Pert 3a. continued

Sample Zr Sn . Ba o U
%40-1228A 0.02. 2.9 +0.h  0.29 * 0.04 0.23 * 0.05 b
BAG-628 0.02 v 0.003 1'0{03-- 0.01 | b
- NAG-G50 0.01 0.016 + 0.00k  0.03 . 0.06 | b
NAG-186 0.02  0.05 * 0.0l 0.03 0.17 + 0.0 b
FAG-GLO 0.02  0.031 + 0.006 0.05 * 6;01_ <0.03 b
maG-h62 0.02 % 0.009 | 0.0N £ 0.0L  <0.03 b
 NAG-500 0.02 <0.005 - 0.03 <0.03 b
NAG-LT2 0.01 <0.005 - 0.02 1 <0.03 b
NAG-1029 0.02 <0.005 0.0 £ 0.01  <0.03 b
NAG-100 0.01 <0.005.  0.01 1 <0.03 b

aAli data are given in percent. Specimen NAG-1228A cbhtained 0.05%100 aﬁd 0.01% Ni,‘and |
specimen NAG-628 contained 0.08 # 0.03% Co and 0.06 + 0.02% Ni. The upper limit for Asvis
0.03% on all specimens,'for Sb it is 0.005% on all specimens except NAG-1228A,'which con-
tained 0.02% Sb. | - | |

threshold is usually about 50 ppm.

-Tqa_



Table 16.-

Identification of Samples

_aqa_

Sample Site Description
NAG-1228A  Nugara Cobalt blue transparent tetragonasl bead with
: double opaque white disc inside, transecting

axis, forming double white stripe on perimeter
(as XOL-1). '

NAG-628 " ~ Cobalt blue transparent bangle fragment.

NAG-660 " Blue-green transparent bangle fragment.

NAG-1E5 " Black opaque bangle fragment.

NAG-610 " Black friable porous chunk, ? slag.

NAG-462 " Black friable porous chunk, ? slag.

NAG-500 " Mottled black, gray and green porous chunk,.
? slag.

MAG-472 " Gray-green porous chunk, ? slag.

NAG—i029 " " " n " " ]

NAG-100 " Purple transparent chunk.
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'CHAPTER 8. THE GLASS OF IFE

Introduction

Our investigation now turns to West.Africa, to a site where rem-
.nanﬁs of an,apparent glass industr&vhéve been found. ‘This is Ife, in
Nigéria (Lat., 7° 28" N., Long.;_h°_32' E.) (see Figure 16).

B Ife is tradiﬁiqnallj’associated with the ingins of Yoruba civil-
ization;f'SOmeﬁsayntﬁaﬁ'mankind himself origihated at Ife (Frobénius 1913£
I, 306). Others say that Ife was the first place of Yoruba settlement
(Fage 1969), perhépé'a§-neWComers destined to.merge with earlier inhabi-
| tants (Davidsoh 1966) or perhaps to become their royalty. In historical
times.ife has been regarded as the chief and ancestral town of the Yoruba
royaltyg' Rulers of‘other towns, such as Beniﬁ,-an Edo town, and Oyo, a
Yoruba town, were ritpally regarded as tributary deécendantsvof the fuler
S of Ife, | | |

| 'To some ektént the Yoruba civilization may be the cultural deécen—
-daﬁt of the earlier,Nok:culture of Nigeria, which is only known archaeol-
.ogically; |

B Whether‘autdchfhonous, derived, or both, th¢ Yoruba. civilization
seems to have crystaliized several hundred years ago, in the medieval per-
iod.‘ Such a datihngas eérlier proposed on the basis of oral traditions
 from Benin, although;iﬁ may bé quesﬁioned if the oral.traditions allow

speéificatioﬁ]to centufy (see Talbot 1926, Egharevba 1960, Fage 1969,
'Brédbufy 1959, 1964 ). Over spproximately the past decade, archaeological

¢ radiocarbon dates of the medieval period from Ife, asso-

IR
,

research has yigl
ciated with decorative pavements and with other artifacts. Thus, both tradi-
tion and archaeology. indicate that Ife may have been important in the medieval

periog.-
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Beads of.gbfal,rstone, and glass'gftén figpre in royal regalia in
West.Af:ica,_and'the Yoruba are not an exception to this generality. Upon
ceremonial Qccasions‘royal.perSOnages may wear thousandé of béads, as aﬁm—
lets; croﬁné, necklaces, and in other forﬁs.‘ The tributary—descendent
status which the Qég_(ruler) éf Benin'had, historiéélly, vis-3-vis fhe
Qgi_(iulef).of Ife is symboliied by the tradition that not oniy Oranmiyan,
- who féunded the Oba institution of Benin, but also the Oba's royalvbeads,
'came frovafe. Beaded crowhs.afe symbolic of deséent from Oduduwa, the
first Oni of Ife (Willett 1967).

Glass at Ife

ItAhas beén known for generations that glass beads and remnants

‘of glasswbrking could be found at‘various placés in and near Ife. These
include beads, crﬁcible_sherds lined with glass,.occasional intact glass-
lihed-érucibles, and.chunks and lumps of présumed cﬁilet. Glassmaking is
néﬁ generallyvknqwn in‘the.area tdday, and épparently many people of the .
region do not.realize fhe original function qf'the crucibles. The ﬁyster-
iops aftifactsvare'regérded with fespect; howevér; and are often found on
the altars of local shrines (Fagg and Willett 1962).

| A craft ofvofnament pfoduction ﬁtilizing these glass pieces exists
today, and existed in the nineteenth century as well (Fagg and Willett
1962). Thé majof known 1oéality from which these recent craftsmen have
ggtheredxthéir méterials over paét decades is the Olokun Grove, a place

‘associated with Olokun, a god of wealth.'? Frobenius (1913:I) wrote that

‘Ilgln historical times in West Africa, buried glass beads were indeed a source
-of'wealth for. the péople in whose territory they 1ay; since they could be sold

Ito Eurépeans who resold them in Ghana (see Davison, Giaugue and Clark 1971).
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the material buried in the:Clokun Grove was thought to have been provided
by the gods for the.prosperity.of the people of Ife, and that it was regu~
larly "épent"»by the Oni of Ife until depleted. He further recounted thét

- ‘he Grove and’its conténts vefe an issue in the nineteenth-century struggle

betweén the origiﬁél people-df Ife and newcomers in the Modeke quarter of
Ifeiq

| The first:persgn_kndwn»to dig-in:the 0lokun Grove and record his
findingé was Frbbeﬂius, who reported that he found pottery'vessels provided
withvlids and 1ined with‘élass of different colors, intérpretable as glass-—
makers' crucibleéf ‘He also foundfash; charcoal, and glass, and other
artifacts not related to giassmaking.

Although his'rePOrt is not entirely.ciear, it seems that much of
the élassmaking maféfiai was féund'in pits ‘which were tﬁelve-t§ twenty—four
feet'deep.r The pifs_tranSeét a layer of Charéoal, ash, and beads at a
depth of abéut”sixtegn to eighteen feet. It is not clear whether these
pits were dug 5yﬁoriginal glaésmelters, by rgcent craftsmeﬁ seeking matér—
ialé; by:repféséntafives of the lelseeking wealth, or by other treasure-

huhters.20

l9(conﬁinued) 'In;Somé areaS'digging rights may have comprised a concession
wiiich cdﬁld be awarded by é king.

QOFrobeﬁius (1913:308) féported-that a few glazed crucible sherds were found
in thé'top'layer, which ﬁas about two and a half feet thick. These sherds
could be interpfefed as débris from récent diggings, brought up from the
de?ths and then abaﬁdonéd.: About ten feet down he came upon brdken crucible
sherds and blockS-ofvstone, which he does not describe except to say that

they werevweatheréd (1913:94). One wonders if these blocks of stone
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 The stratigrapby.in the Olokuh Grove has undoubtedly been severely
. disturbed as a result of these various diggings. Moreover, it has been
largely planted with.éocoa fodayf It seems clear that this is no site at
'which_tovinjestigate the Ife gléss industry. It wés thereforé very inter-
esting when,'more.recéntly,'furfhér glass artifacts wvere found af the
archaeological site‘of Itg Yemoo. This site is iﬁterpreted as a possible
palatial compound,vocéupied-in mediéval times, and containing shrines |
'(Ojéf1967;1Wiliet£ii§$9). Tﬁis site does not seem to have suffered the
recéht distuﬁﬁances théﬁso¢cufred at the Olokun Gfg&e; and it therefore
seems thaﬁ_glaésméking'remnants found-there may have useful information to -
yield.vu | | | |
The site at Ita Yeméo was discovered during construction. It was

péft-ially e_xcavatéa:v and '_s,tudi'ed by. F. Willett (1959, 1960), who discovered.
é sefies of rémafkéble decorativé pavements méde froﬁvpotsherds. Also |
discoveréd wereiééulptures,kgiass beads, and glass—lined éruéible sherdé.
The site aiso jieiﬁéd an intact crucible filled with glass and stone beads

(photograph in Willett 1959), but this was not found in situ.

2O(continued) - represent some material used by the glassworkers, perhaps
a furnace‘lining,'roofing, a shielding, or even work-benches. In such & case
the'broken'crucible sherds at the ten foot level may represent debris lying

' own working floor. At sixteen to eighteen feet down

onﬂthé'glas$w6rkers
Frobenius fdund & ;evel of.gharcoai,»ashes; and beadé (1913:94, 309). If

thégglassworkers had dﬁg pit; approximately five feef deep in which tplbuild
a fire and melt-£ﬁéir gléss,vas the Nupe élassworkers do today (Nadel ;9&2:

275), then the 1dw¢r'leVel'of ashes and beads might represent the bottoms

of the glassworkers' pits.
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Glass artifaéts similar to those found at Ita Yemoo were found by
Willett in excavations in other localities in Nigeria (see Tables), includ-
ing Orun Oba Ado, the site at Ife where the heads of the Obas of Benin are
© ritually buried after death.  Orun Oba Ado yielded finished beads, but did
not yield evidence of glassworking.

| Samples of glass from Ife and from a few other sites ﬁere subjected

to analysis by neutron activation and X-ray fluorescence methods. The results
of X-ray fluorescence have been discussed elsewhere (Davison, Giauque and
Clark 1971). Here we shall discuss the results of neutron activation.
Results

Several kinds of glass were found by dur analysis of glass specimens
from Ife sud other sites. These samples have been divided into three
Classes. (lass I (iable 1T7) seems to comprise a worthwhile chemical group,
vwhereas the other two Classes do not, because of their heterogeneity.
Discussion

We shall discuss each Class in turn.

Class I (Group I). The results of neutron activation analysis of
specimensvin Class I are presented in Table 17. Because this.Class is‘a
worthwhile chemiceal group, it is hereafter referred to as the Ife Group I,
or simply as Group I. Within this Group, the concentrations of the basic
ingredients are fairly constant, varying widely only when iron is used as
a coloring agent (ITA-89, ITA-27D, ITA-27C, ITA-27T, ITA-2TU). The concen-
trations of the additives manganese and cobalt, though varying widely, dis-
vley a consistent ratio, which is discussed below. |

On fhe Lasis of a combtined consideration of glass ingredients and

gless appearance, Group I may be divided into a mumber of categories. Nested
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‘within’Group'I'is a'soog;oﬁp; named Group IA. It consists mainly‘of‘the
blue—yellow dlchr01c and corded beads which were the subject of an earlier
report (Dav1son, Glauque and Clark 1971) About half the samples of Group I
1alls into thevnesteerroup IA. The illustrations in Figure 17 include some
samples of-Group l,vand.further samples are shown in Plate V.

Grouo IA The chhr01c and Corded Glass. About half the. samples

in Group I falls 1nto Group IA, and of these a llttle over half exhlblts
blue/yellow dlchr01sm.b In,reflected l1ght_the,d1chrolc samples appear blue,
but in transmitted light.they are greenish—yellow. ‘Needless to say, the
dichroic'effectashoﬁsjajrsnge in its expreSsion, that is, in some beeds the
blue/yellow cOntrast.is:more'marked than in others.
Other samples of Group IA are blue in both reflected and transmitted
llght and they exhlblt cords.

" When the results for the fOﬁrteen pfeciselyaknoﬁn elements are
averaged as fof'twodseparate groups, defined as fcorded beads" and "dichroic
| beads";_the resultingstwo_@ean values for each element agree within one
.stondard deQiefioh‘fbr every element (Figﬁre 18). One would not expect
‘more‘thoh'twofthlrds of the parameters to agree within the ranges defined
by a standard'déviotiOn, but in thislcase all do. Io‘addition, the means
agreed_withln tﬁe Standafdrdeviations of the means.(standard error) for ten
-~ of the foufteen.elements (Table.18), Just over fwo;thirds. ~As above, one
vould not ex ; ct aore.fh&n two-thirds agfeement. lhiscevidence,_in combi-
ndtlon w1th the fact that one bead (ITA—27N) is both dlchr01c and corded,
~forms- the bqels for our conclusion that dlchr01c and corded beads are,

» stetistically,'chemicslly indistinguishable and belong in_one group. In

this grodp we also include three additionél borderline cases, which.show
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Figure 17. Diagrams of beads of Ife, Group I (ORU-82,
ITA-65, ITA-27U) and Class II (the remainder).
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Plate V. Beads of Ita Yemoo. Upper six are casual.
Corded at lower left, dichroic at lower right.
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chemical agreement with the others and which resemble them visually, but
which were excluded from the trial groups by definition. These are:

1) ITA-27N, the bead which is both dichroic and corded; 2) ITA-1030, a
bead which is only slightly turbid and seems to fall short of exhibiting
dichroism; and 3) OLO-8A, not a bead, but a dichroic lump of presumed
cullet. Altogether these samples form Group IA.

The dichroic effect is probably due to simple light-scattering.
When an intense small beam of light is passed through a piece of this glass
and the piece viewed perpendicularly to the direction of the beam, the
path of the beam in the glass is visible. This visibility is made possible
by light scattering. In suitable diffuse transmitted light the piece of
glass will abpear yellowish-green, while the path of the intense incident
beam, viewed perpendicularly to the direction of the beam, appears blue.
This effect may be seen in members of Group I, but it was best observed in
the two dichroic glass sherds found at Ife, one of which was analyzed and
found not to belong to Group I (Table 21, IFE-291). In general, these two
sherds do not scatter blue light as noticeably as do the beads and cullet.

The corded effect is simply the arrangement of the glass in cords,
giving the glass the appearance of a viscous stretched material, such as
toffee (see Plate V, ITA-27F).

The visual difference between corded and dichroic beads could well
be related to physical factors, rather than to the presence or absence of
any ingredient undetected by our analyses. There are a number of effects
in glass that depend on delicate balances of several factors, such as the
rate of cooling. These balances are something of an art to achieve. When

such effects are achieved in glass, they are said to "strike". If the
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dichroic effect is related simply and only to the cooling of the glass, then
presumably a corded bead would appear dichroic, and vice versa, if reheated
and cooled appropriately.

Manganese and Cobalt in Group I. A very persistent feature of the

glasses of Group I is the preponderance of manganese over cobalt. Although
the exact ratio of manganese to cobalt varies, on the average, omitting
ITA-65 (see below), this ratio is about nine to one (9.3 * 3.8). Figure 19
shows the correlation between the concentrations of tgeSe two elements in
all samples of Group I. Table 19 lists the ratios individually.

This cofrelation can be explained by the use of an ingredient con-
taining both manganese and cobalt in a fairly constant ratio. It seems
possible thaf the ingredient was a deliberate additive, used for its cobalt
content rather than for its mangenese content. The presence of cobalt in
the samples can be readily explained since most of the samples are blue,
but it is difficult to state a purpose for the manganese, since none of
the samples are colorless nor are any of them purple. All but five are
some shade of blue, and at least a third are vivid dark cobalt blue.

There are some samples for which it is difficult to be certain what
role the manganese/cobalt component plays. These include four black (extreme-
ly dark green) samples (ITA-89, ITA-27D, ITA-27C, ITA-27U) and one green
sample (ITA-27T). It is conceivable that the glassmaker at one point intend-
ed these samples to be blue, but later, intentionally or not, added some
ten times the usual amount of iron, causing them to be green and black.

In addition, it is difficult to be certain if the cobalt content
¢ the gless nakes & contribution to the colcr of the blue-green samples

(for example, ITA-863, 1TA-100, ITA-30B, TTA-27"0", ITA-2TV, ITA-27Q, ITA-;.?R).
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Fizure 19. Manganese and cobalt in Ife Group I.
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The color of these samples cannot be explained by copper, since no signi-
ficant amount of copper is present in them.

The problem of understandinglthe role of the manganese/cobalt com-
ponent in the dichroic samples is even ﬁore complex. Cobalt is not a
necessary ingredient in blue/yellow dichroic glass (see IFE-291, GLO-1, and
GLO-3 in Tsble 21), but one cannot dismiss the possibility that the compo-
nent may have been added by glassmakers who were not aware that blue/yellow
dichroic glasses could be made without it. It may be possible that the
blue color of the dichroic samples is sometimes aided by the cobalt present,
for the specimen ORU-183, the highest in cobalt, is a darker blue than usual
in reflected light. However, the help given by cobalt seems slight and in-
sufficient to eliminate the yellowish appearance in transmitted light.2l

One sample appears definitely to contain none of the manganese/co-
balt component. This is ITA-65, a very pale blue-green glass. ITA-27TT
and ITA-863 have very little, if any, of this component. These three
samples show on the extreme left of Figure 19.

There is considerable variation in the individual ratios of mangan-

ese to cobalt (Table_19 and Figure 19). However, if one considers a likely

1, . "
. Cobalt in glass need not always effect its usual blue color. According

to Weyl (1951) this color is achieved when the cobalt ion is present as a
"network former'" and is surrounded by four oxygen atoms. In other circum-
stances a cobalt-containing glass can be green, yellow, or pink. It is
most probably the cobalt which gives rise to the blue color in the corded
cnecimens., which may be specimens in which the dichroic effect did not

"strike" (or vice versa).
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way that these two elements may have entered the glass together, it seems
unreasonable to demand that the correlation show much less scatter than it
does. It was proposed above that these two elements may have entered the
glass in a cobalt colorant which was abundantly "contaminated" by manganese.
Such a colorant could be the substance known as wad, or asbolite. This
substance is a naturally-occurring mixture frequently considered an ore of
manganese., It often contains considerable cobalt, and, when it contains
between L4-35% cobalt, it is given the special name asbolite and is also
considered to be an ore of cobalt (see Appendix 2). Because it is a
mixture, one would not expect all aliquots of wad to show a precisely
consistent ratio of manganese to cobalt, and therefore one would}not expect
glasses éolored with it to show a precisely consistent ratio of manganese
to cobalt. Instead, one might expect a correlation to show considerable
scatter, as does Figure 19.

Class II. Class II (Table 20) consists of soda-lime glasses that
bear a general resemblance to one another, The illustrations of Figure 1T
include some specimens from Class II. Class II includes crucible linings,
yellow beads in a poor state of preservation, and both styles of glass
bead found in the iﬁtact crucible from Ita Yemoo (Willett 1959). This
class does not show any characteristic manganese/cobalt ratio. The glasses
of Class II show some parallels to glasses of Igbo Ukwu. These parallels
are discussed in Chapter 9.

Class IIT. This Class consists of specimens that had compositions
not falling into Group I or Class II. It consists of miscellaneous and

unique samples, and must be regarded e&s a very general glass grouping.
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Class III (Table 21) includes three blue/yellow dichroic samples
that do not belong to Group I. They are: IFE-291, one of two blue/yellgw
dichroic sherds found at Ife by Braunholtz, presumably surface finds, and
deposited in the British Museum c. 1946; and GLO-1 and GLO-3, two chunks
of glass from Glozel, a medieval glass factory site in France (Franchet
1926; Garrod 1968). These three specimens were analyzed because they
were dichroic and therefore resembled the dichroic beads. However, after
chemical analysis they were found not to match the latter, e.g., see
differences in the concentrations of cobalt, barium, iron, and many

other elements (Tables 17 and 21).

Manufacture of the Glasses Found at Ife

We cannot prove that the glasses found at Ife were or were not made
of raw materials at any particular place, or even on any particular conti-
nent. However, the manufacture of the glass can be explained by reference
to known areas or traditions of production. The glass is not so idiosyn-
cratic that one would hypothesize a hitherto undiscovered manufacturing

area or tradition.
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Group I, in its constituents, resembles Eufopean glasses of the
medieval and colonial periods. Blue/yellow dichroic glasses in particular
are known in several European contexts, as discussed elsewhere (Davison,
Giauque and Clark 1971). Class II consists of rather ordinary soda-lime
glasses, undiagnostic of manufacture except that medieval Europe would
seem an unlikely source. As nofed in Chapter 2, such glasses were exten-
sively made in ancient and modern Europe, and in ancient, medieval, and
modern times in the Near East.

bThe manganese/cobalt component gives no useful hint gbout the place
of manufacture of the glass of Group I or about the source of the manganese/
cobalt component itself. A short discussion of cobalt colorants will be
found in Appéndix 2. %

There is no evidence that any of the glasses found at. Ife were made
from raw materials in sub-Saharan West Africa. The glass shows no parti-
cular idiosyncracies which might alert one to the poséibility of local menu-
facture. No storage lots of sand or alkali are known from archaeological
investiggtions'in West Africa. The dichroic and corded beads are cane
beads, the manufacture of which requires a knowledge of the art of glass-
blowing, but there has been no indication that glassblowing was known in
sub—Sahgran West Africa. No iron blowpipe or pontil has been preserved.

It is always ﬁossible that glassmaking from raw materials and glass-
blowing might have existed in West Africa without leaving traces. Howaver,
at our present state of knowledge there is not sufficient reason to hypo-
thesize the existence of a West African center of production from raw mat-
erials, for which no tangible evidence has been reported, in order to
explain glasses which fit into the mainstream of production in Europe and

the Near EBast.
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If the glass was not made from raw materials in West Africa, then
the remnants, including the crucible linings, may be explained as the rem-
nants of reworking activities. In such activities, already-formed glasses
would be melted down and reworked. There is considerable evidence for this
sort of activity at other times and places in history, e.g., in Southeast
Asia or the British Isles (Newton 1971; Charleston 1963; Lamb 1965a; Pliny,
in Winbolt 1933; Hall et al. 196L; Krieger 1943; Sordinas 1965; Nadel 1942;
Frobenius 1913; Brill 1970:159; Bowdich 1918; and others).

Reworking: Group I (Class I). As our crucible linings and pre-

sumed cullet show, glass was being worked at Ife. The question naturally
arises whether dichroic and corded beads might be considered a product or

a raw material of this activity. It seems unlikely that the dichroic and
corded beads were produced at Ife, for the reason mentioned above, that
these beads show evidence of glassblowing. There is, however, some evidence
that the dichroic and corded beads‘may have formed some of the raw material
of the Ife glass industry. This is the discovery of an incompletely-melted
fragment of a dichroic cane bead adherent to two pieces of (cobalt blue)
glass found in the Olokun Grove. All three had been melted together just
enough to adhere (Plate VI). Moreover, we have seen several dichroic lumps
of cullet from the Olokun Grove, although we only analyzed one.

.If dichroic and corded beads, among other things, were being melted
at Ife, what was being made from them? Attention is drawn to a series of
rather unusual blue-green beads recovered from the excavations at Ita Yemoo
(Plate V, ITA-270, ITA-27V, ITA-27Q, ITA-2TR, ITA-27W, ITA-27X). For bre-
vity, we designate these beads as "casual". They appear to be made by a

rather ad hoc combination of drawing, winding, and pressing, but not blowing.
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Plate VI. Dichroic Bead Adherent to Cullet.
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Some bear applied stripes, which are not marvered in, which can be picked
off with the fingernail, and which are sometimes crooked (Plates vV, VII).
One casual bead, ITA-27X (not analyzed) shows dichroism, and bears a
ctripe design like that on the analyzed specimen ITA-27Q (Plate VII).
Another casual bead, ITA-27W (not analyzed) verges on dichroism. Four of
the casual beads were analyzed, and all fell into Group I. Moreover the
four resemble one another very strongly with respect to their ingredients.
We suggest that the casual beads may represent the sort of item produced
at Ife by the reworking of imported glass of Group I. Iocal reworking
could explain the relatively elevated iron content of the casual beads,
by contamination with this ubiquitous element upon reworking, perhaps from
iron tools.

For the remainder of the beads in Group I, it is difficult to judge
if they were more often products or raw materials. Except for ORU-82, a
cane bead (Figure 1T), their form is such that they could have been made
without the use of glassblowing (Figure 17).' Our samples were limited;
further investigations may clarify this point.

Reworking: Ciass II. Class II, soda-lime glasses, shows that the

evidence of reworking which has been excavated at Ita Yemoo is not restricted
to potassium glasses, since the seven soda-lime glass specimens found in
situ at ita Yemoo include crucible linings. The Class also includes yellow
beads in a poor state of preservation. Figure 17 shows examples of glasses
of Class II.

Class II is too ordinary and too broadly defined to be distinctive
and useful diagnostically as a chemical group. Its chief criterion of men-

bership (a soda-lime glass) is lax enough to allow beads of widely varying
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Plate VII.Striped Beads of Ita Yemoo.
Possible import at center, "casual"
beads at sides.
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manufacture to be members. For example, thevclass inéludes'the bead ITA-20.
This is a blue reheated cane bead with stripes of opaque white framed by
red (Figure 17, Plate VII). Its manufacture and design are typical of
European production from about the seventeenth century and perhaps earlier,
yet it fits into the same Class with material from the tenth-to-twelfth-
century site of Ita Yemoo. A-considerable number (about 100) of this mass-
produced bead was found in an intact crucible at Ita Yemoo, but not in
archaeological context (for photograph see Willett 1959). In the same jar
with the numerous beads of ITA-20 style was a similar number of beads
closely resgmbling the bead ITA-19 (Figure 17). This bead style shows a
rather casual degree of workmanship. The applied decorations are not mar-
vered in. Although there is a large number of these beads, our sample seems
individually and lasboriously made. This bead which belongs to Class II may
be the product of reworking of glasses having compositions like Class II.

ITA-19 need not be of the same date as ITA-20, nor need they be of the same

date as the other soda-lime glasses found in situ at Ita Yemoo or Orun
Oba Ado.

Reworking: The Wider Context in West Africa

The art of reworking glass is found in several parts of sub-Saharan
West Africa.

The Nupe of Northern Nigeria include among their numbers a glass-
working caste. Although some,small knowledge of glass manufacture from raw
materials exists within this caste, the majority of Nupe glass products
are made by reworking imported glass (liadel 1942:27L-278). The raw mater-

ials include bottle sherds and imported glass beads.
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' Besides the'Nﬁpe, other groups in West Africa rework imported glass
‘beads into homemade objects, pafticularly ornaments. In 1819 the missionary
Bowdich, who éppérently did not believe the account, wrote that the Ashanti

pretend that imitations [of decorated glass
.‘beads] are made in the country, which they
_call boiled beads, alleging that they are

broken aggry beads ground into powder, and
 boiled together...

(Bowdich 1819:268, emphasis ours).
Such processee of Eead—making have been described from more.recent ebser—
vatlons in Ghana and Togo (Krleger l9h3, Sordlnas 1965) The methods
1nvolve the use of molds and of powdered 1mported glass, including powdered
imported glessrbeads.
vThe Acera Museum was receﬁtly observed (Clark.l972) to have an
exhibit of such  bead-meking proceéées.. |
- Less clear aecounts of eimilar ectivities in Africa in the past
abpeer in scme hiStoriCalewritings (Hutton 1821:192; Gluck 1937:97).

Links With Other Sites

‘The Tables show.thet beads and cullet belonging to Group IA (dichroic
and'eorded) are known from Ilesha, Koumbi Saleh, Gao, and Onikroga (near the
oSsi'Rivef), in-aaaition.tp Ita Yemoo, Orun Oba Ado, and the Olokun Grove.

It ‘has previouelyjbeeﬁ indiceted; on the basis of X—rayvfluorescence analy~-
sis, tﬂaf a corded beed recovered from the excevations at Tegdaoust nay

belong to the dichroic and corded group (Davison, Giauque and Clark 1971).

' 22A few beads which may have originated in this manner were bought in the
lQhO s in St. IouiS'(Sénégal)' Abidjan (Ivory Coast), and Tamale (Ghana).

'They are preserved in the van Riet Lowe bead collection (Unlver51ty of the

ultwatersrand), where some are a donatlon of R. Mauny
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This bead did»not feceive'neutron activation ahalysis énd cannotbbe shown
to belbng to Group IA. The occurrence of specimens in the'mediéval desert
"entrepSts of Koumbi Saléh, Gao, énd possibly Tegdaoust,_is consistent with
our'hypotheéis'of medieval Eufdpean manufacture and importation into West
Africa, presumably via North African trade routes. |

One bead from:Igbo Ukyu may be considéred to match Group I.at Ife.
This was IGB-N3C, a sample from Type N3 (Shaw 1970). It shows the mengan-
'eéé/cobalt ratio éhéfactéristic of Ife Group I, and its elemental concen;
trations fall Within one standard deviation of the Group I élemental means
fbf nine of the foﬁiteen precisely-determined eléments (Table 17). Tﬁo of
those which.dOvnot fall within one standard deviation are manganese and
cobalt, whiéh aovéhow the correlatidn characteristic of Group I (Figure
19). Their,unusuaily ﬁigh coﬁcentration of manganese‘and cobalt is the
reasén they do not fall'within one standard deviation of agreemeﬁt with
the Group'I means for these two elements. |

Four other beads of Type N3 did not resemble Ife Group I. The date
from IGB-N3C havenot been included in any parameters representing Ife Group

I. (The beadé_ovagbo Ukwu are discussed in the following chapter.)

Dating of the Indﬁstry at Ife

Stratigraphic'evidencé at Ife has not yet c6me to light which can
resqlvelmore.than one'period; a simplest-hypothesis rule thereforé would
demand only one pefiod of g1Q§sworking be defined. As diécussed below,

this "single" period of glassworking could have existed as early as medieval

times and persisted into the present, with recent activities centered at the

Olokun Grove. Our greatest present need therefore is to be able to resolve

chronological periods or breaks in the record of glassworking at Ife.
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At least some of the éérlier reworking appears to date to c¢. the
'tenth to'twelfth chturies-AfD., because remnants of glaSsﬁorking, including
¢rucibl§ Sherds from GrOup I and Class IT, wefe;reéovéred from i§_§1§g.at
Ita Yemoo; which is thdught to have been occupied from about the tenth to
twelfth centuries A.D. (see Willett 1971;366).23 Such a-dating is consis-
._tenf:with‘glass hisﬁbri‘with respect to both Group I and Class II, as dis-
cussed below. No sampieé‘of Class III came from Ita Yemoo.

Group I: . Dating Considerations. The glass of Group I is a potas- 7

sium glass. As'staﬁéd‘in Chapter 2, such glasses are associated chiefly
with medievéi Europe.gh. The onset of production of fhis sort of glass in
Europe is not clear, but infofmed estimates place the beginning in about
.the ninth to tentﬁ éenturies A.D. (Geilmann 1955:150; Chambon 1958:100;
Turner'l§56c;288T), >Potassium glasses'remained in use until the cgnturies.
after the.Renaissancé,Awhen it grédually ceaéed to be uséd for high Quality
prodgcts.generally, and to-be resﬁricted to certain luxury fypes of glass.

-However, it continugd to be used for utilitarian objects, such as bottles,

23Two radiocarbqn détés'from below the decorative potsherd pavement gave

the ,res‘u_lts 960 = '130_' A.D. (BM-261) and 1160 * 130 A.D. (31.1-259). Two radio-
carbon'dateé_from_above the pavement gave the results 1060 * 130 A.D. (BM-
262) and 1150 + 200 A.D. (4-2119).

QuPotassium glas§es afe usﬁally associated with Christiaﬁ rathér than Muélim
Eurdpe; élthqughﬂno rigorous survey has established this association. There
is no problcmrin'viéuélizing Christian-made glasses»reaching'Muslim traders
in Nofth,Affica. As Boyill wrote (1958:111) of the medieval period, "Chris;

_ tian shipping lay in every port from Tripoli to Agadir...."
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well into tﬁé cdiqnial_period (see Honey 1§h6). This fact should be kept
in mind wheh deaiing yith glaﬁses reworked in Wésf Africa. Without the
radioéarbon dates from Ife of the specimen from Kbumbi Saleh, fhe glass of
Group I could be éonsideréd fecent.

| As'statéd ébdve, the radiocarbon dates frém.Ita Yeﬁoo date at
leésf somé éf tﬁe rewofking at Ife to about the tenthito twelfth centuries
.'A.D. Some evidence that Group I might have actually been in manufacture
‘slightly eérlier,isuéh as the ninth century, is ﬁrovided by the radiocarbon
.dates from Orun Oba Ado, where four beads belonging to.Group I weré recov-
ered. ORU-17 came from Pit 3, which yielded a radioéarbon date of 800
+ 120 A.D. .(M-znh).;, ORU-207 and ORU-éz came from Pit 5, which yielded the
same date (800 % 120 A.D., M~2115), and ORU-179a came from Pit 11, which
yielded.a date of SGOE% 130 A.D. (BM-265). The ninth century dates seen
confifmed by twb.apﬁrOXimately teﬂth cénturyvradipcarbon daﬁes from Pit 6
at the same site, 940 * 150 A.D_; (M-2116) and 990 * 130 A.D. (BM-264) (see
Willett 1971); Thg aﬁpro#imately sixfh éentury date is an isolated deter-
mihation, uncénfirﬁéd élséwhere at similar sites in Nigeria, nor would it
readily be acceptable to glass historians for a glasé df‘the composition
6f Group I. | | |

The medieval.datihg of Group I is supported by other documentary
énd arcﬁaeologigal evidenée indépendent of ife_and of Yoruba history. As
already noted;_g di?hréié‘bead of Gfdup I came from ﬁhe excavations of
Koumbi Saleh, a site identified as the'capital of medieval Ghana and an
importanf desert enﬁfepét known from documentary sources to haye exisfed

in- the tenth century (Mauny 1961, Bovill 1958), and to have been destroyed



-269-"

c. 12hO_A.D.‘(Daviaéon 1959:89). This site hés»yiel&ed a radiocarbon date
commensurate with ‘this period, 1210 * 120 A.D. (Sa-TT, Fagan 1965).

It thus seems possible that Group I beads were made in medieval
Europe, perhaps as ea%ly as c¢. the ninth to tenth penturies A.D., and then
traded acrosé the Saharé to present—day Nigeria. The reworking of Gfoup
I beads may have béeﬁ carried out at any time(s) aftér the glass appeared
in Wést Africa. It seemé clear from the evidence at Ita Yemoo that at
-least some of thevreworking of.Group I glass may have been cérried out in
- the ténth to tvelfth.cénturies, or, soon after importation.

Class IIL: Dating Considerations. The occurrence of samples belong- '

ing to Class II ig_§izg.at ita Yemoo shows that some soda-lime glasses as
well were being.rewqued by'abéut the tenth to twelfth centuries A.D:. One
cannot estimate the date and place of manufacture of these glasses closely
at ail, excépt to say fhét they probably post—date'the fourth to fifth
century A.D. (see below).._Class IT is too broadly defined to permit the
conclusion that its members share a specific common origin. A medieval
Islamic or poétéRenaissance Européan origin would both be reasonable;
indeed Class II may contain samples of both.

It is thé use -of tin as an opacifier which indicates that all members
of Class II pqst—détevthe fourth to fifth centuries A.D. Before this tiﬁe,
antimdny was the usﬁal.opacifier'in use (Sayre 1963, 196L4). After fhis_
time, it wentvout of use until the‘seventeenth to eighteenth centuries A.D.,
whehvit reappeaied (Tﬁrnef and Rooksby 1962, Kunckel 1679). During the
Cronluries that'ji'vas out of use, it wés presumably replaced by tin. The
use.of_tin_did not,disapﬁear when antimony reappéared, and for modern glasses

(seventeenth centwry and later) either opacifier may be encountered.
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Class‘III: Da£ing Coﬂsiderations. Class:III_canhot be used tq.date
the'glassﬁorking.indgstry at ife with any more precision than Class II. It
is an exceédingly general claSs of misceilany that were analyzed duringvthe
research. Only three of its nine members éame from Ife, and of these ohiy
one piece, a fragmént from fﬁe Olokun Grove (0L0O-2), appeafs to be a remnant
from glassworking; However, glaés found in the Olokun Grove may be the
results of recent‘mapﬁfgcture and/or reworking, and df little aid in estab-
lishing dates. The rémaining two pieces from Ife were sherds, one from the
Olokun Gf&ve (QLO-Sé), and‘one from thé’surface generally (IFE-291). No
samples of Class_IIi'came from Ite Yemoo.

A Possible Interpretation

Ife holds a spe¢iél piaCe’among Yoruba towns, for it symbolizes

Yoruba origins, sometimevin the medieval period. A medieval date is con=
cordant with radiocafbpn détES obtained in excavations at Ita Yemoo and
-Orun Cba Ado,’&ith oral traditions from Benin, and with éiaés history.
The importance of Ife in_Yoruba history is attested by its rple in fradi—
tions, as previously éQinfed out. Although the traditions differ, they
share in common the ihdicatipn that Ife was importanﬁ "in the beginning".

| The gléss.of Group I, quite likely medieval European in manufacture,
may have beeﬁ obtéinea as'bgadé by'these earlieét Yoruba, and may>havevbeen
buried ih turials, ¢ompodnds, or shrines at the ancestral site of Yoruba
settlement, Ife, to bé later_reaiscovered once‘or many times. This glass
may have been, or may have come to be, symbolic of, of even a monopoly of,
royalty. Some such‘situation would be.cqnsistent with the place of beads.
in royél fegalia (comparé Igbo Ukwu, Chapter 9). Iocal glassworkefs of

medieval and later periods may have exploited these medieval glasses, perhaps
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along QithﬂOtherrglasses éoﬁtemporary with thémselvés. Glasses beionging
.fo_Class IIvand_Ciass III (OLOQQ; Table 21) were»iﬁvolyed in the reworking
-activity‘. | | ' |
| From.timé to £imé, the items involved in the glassworking activity
may -have been plaéédﬁin:éhrinés, perhaps because the fragmentsbwere myster—
’igus. " In thé shrines;the glass pieces may have accomﬁanied_other artifacts
vpf yarying ages, ééfisvthe case with present-day shrines.
| | "Glass réﬁbrking whiéh is carriéd out today, usually ihvol&ing speci-
‘ menslfrbmvthe Oleun_Grové, is not reported to involve_melting of the élass
(Fagg aﬁd Willett.1962), but simply drilling. It is not known whether the
presént4dayAcraftéméﬁ’ére»the direct heiré of a glassworking tradition which
once:confained, but.hasbnow lbst, the knowlédge of melting, or whether they
know hbw to melt but‘prefer not to,.or whether their activities are unrela-
ted to those'e§idencéd in the archaeological record at Ife.
Suﬁmagx'
| The archaéologicél'remains of the Ife glass industry are here inter;
prétéd,asvevideﬂce-of a re&orkiﬁg‘activity. At léast some of the giass it-
self appears to‘havefgriginated in medie?alvEurope,.perhaps as early as the
ninth to tenth‘céntﬁries A.D., as»is indicated By radiocafbon dates from Orun’
Oba Ado, vherg artifacts of thé giass were included in ritual buriais.
.Reworking:mai have_Been carried qut at different periodé which are
now blurred in'the‘stratigrabhic record. The.preseﬁce of crucib;e linings -
 ;§_§i£EAat Tta Yemdo indicates‘thatbat least some of the rgworking wés car-
ried out &ﬁrin' é;'by the tenth to twelflth éenturies A.D., the period to
which occu?ationlof.this.site’is dated. Sugh a medigval date is consistent

with the compositions of all our samples found in situ at Ita Yemoo.
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Table 1R. Ife Group I: Neutron Activation Analysisa’

Semole .  Description | . Color
 ITA-30C bead, csne, corded ~ cobalt blue
ITA-271 R " _ o
ORU-207 " . | "
I7/-30D . %o B
IT4-274 " : "
CITp-272 v o
17r=-27G '_» " ' ' "
Irp-278 " o o
ITA-27F L "
ITA=2T7H - o | "
1TA-1442 " S
ORU-33 " | "
© ITA-920  bead, cane - dichroic
OLD-27 ot | o
TLE-233% " ' "
ITA-27A o r
ORU-17 S ." : . | .
ORU-1794 - " "
TTA-275 " S "
T14-855 . D "
CTTA-1411 v - "
KOU-1 o . "
E-27L - " - o
GAO-1 o "o - "
I7:=278 " R
- 053~-1 S . "
If-945 v | "
rre-gsc 0 - &
0Ru-183 . "
TeL-27% , corded o
IIT;_loéo S B cobzlt blue

0LO-8¢ cullet ~ dichroic

s e i - —— T o — o — — i - o — S ————. . - S T Bl T " — " S — — —— S At o —— - —_
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ITA-27T

Sample ~ Descrivtion - Color
 ITA-27"0" casual barrel blue-green
ITA=-27V " bicone B "
ITE-27Q N barrel, with stripe = "
ITA-27R " bicone "
ITA-B863  cruciB1e lining - M
ITA-30B cullet | | "
,iTA-loo - crucible 1ining , "i
ITA-304 " IR cobalt blue
ITA-1386 S | | "
. ITA-944 cullet , | "
ITA=274 " B oo
ITA-2TB " - "
ITA-1035 crucible lining "
0LO-8B cullet o
- 010-8C o - n
010-8D no o X
0L0-3 crucible lining bv : "
0I0-1B cullet o I
0L0-337 crucible lining _ "
ITA-65 bead, short cylinder -~  blue-green
IT+=-27P  bead, fragment - ‘cobalt blue.
ORU-82 bead, cane long cylinder, AN
' 'with'four Indian red stripes
IT#=270  bead, varrel " black (dark green)
IT4-89 crucible lining " woo o
IT£~27D “‘culleﬁ " "
1TA-27C I e "
‘v”' , corded green




-27h-

Table 17a. continued

. — T - —— T O — " - ——— " ——— — . O" T . o, o — A —— — - — —— ——- " — povls T ——— " ——_ FE. < — o S

Sample Color A1 (%) ca (%) cu (%)
-30C  co bl. 6.15 *0.23 11.01  0.69 b
-271 " 6.70 £ 0.21 11.25 + 0.73 b
~207 " n.d.? 10.16 + 0.54 b
—30D " 6.17 +0.21 14.04 + 0.86 b
-27K " 5.88 +0.15  9.94 + 0.75 b
-27E " 6.10 +0.27 11.98 t 0.91 b
-27G " 6.6%3 +0.16 12.65 * 0.82 b
-27B n 6.18 +0.13 11.98 * 0.77. b
-27F " 5.37 +0.28 12.31 * 1.19 b
-27H " 6.57 +0.20 11.95 * 1.00 b
-1442 " 6.63 +0.17 11.70 * 1.07 b
-33 4 6.06 +0.28 11.48 * 1.49 b
=920 dich. 5.91 +0.09 9.31 * 0.59 b
-27 " . n.d.  10.98 * 0.57 b
-2%3A " 6.41 +0.17  8.87 * 0.73 b
~274 " 6.19 -+ 0.10 12.36 * 0.66 b
-17 " n.d. 9.68 * 0.64 b
~179A K 6.51 t0.15 12.07 * 0.66 b
~27J " 6.03 +0.17 12.55 * 0.78 b
-855 " 6.24 +0.20 11.23 * 0.80 b
-1411 " 6.82 £0.14 11.33 * 0.60 b
-1 " 6.48 +0.13  9.89 * 0.78 b
-27L " 6.71 £0.20 11.41 * 0.82 b
-1 " 5.56 +0.12 10.90 * 0.79 b
-27M " 7.09 £0.18 12.81 * 0.80 b
-1 " 6.58 $0.29 11.47 * 0.56 b
~94B " 6.77 £0.29 11.53 * 1.04 b
~94C " 6.86 *+0.45 11.73 * 1.25 b
-183 " 7.53 +2.12 10.61 t 0.88 b
-27N " 6.19 *0.30 12.54 * 0.77. b
~1030 " 6.51 t0.1%3 12.35 * 1.00 b
-84 " 6.53 t0.22 10.64 * 0.82 b
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Tﬂble 17a. continued
sample Color AL (% ca (%) Cu (%)
-27"0" bl-gr. 6.82 +0.29 10.88 + 0.88 b
27V " 6.61 +0.16  9.51 + 0.71 b
-27Q " 6.07 +£0.17  9.15 + 0.75 b
~27R " 6.60 +0.18  9.96 £ 0.73 b
-863 " 6.98 +0.15 11.08 + 0.66 b
-30B " 7.05 +0.18 11.68 + 0.75 b
-100 = " © 5.85 +0.13 .~ 9.98 + 0.64 b
304  co bl.  6.61 0.22 10.18  0.82 b
-1386 " 4.62 +£0.69 11.13 = 0.71 b
-944 " 6.69 +0.18 11.20 + 0.80° b
=274 " 7.13 +0.16 11.85 % 0.75 b
~27R " 6.79 +0.15 10.89 + 0.86 b
-1035 . " 6.13 +2.08 11.86  1.15 b
-8p " 7.04 +0.37 10.76 + 0.87 b
-8 " 5.59 +0.27 11.64 + 1.00 b
-8D " 6.26 +0.36 12.10 % 1.19 b
-3 " 6.72 +0.38 11.72 £ 1.24 b
-1B " ©n.d. 10.87 & 2.45 b
-337 " 6.18 *0.63 = 7.36 #1.52 b
-65 bl-gr.  8.95 +0.23 . 9.99 & 0.89 b
-27P. co bl.  5.40 +0.49 ~10.90 & 1.29 b
-82 " 7.58 +4.51  9.90 + 1.60 b
-270  black 6.25- +0.13  10.56 + 0.77 b
-89 " 6.12 £0.25. 8.56 + 0.93 b
-27D ! 6.3% +£0.38 10.46 + 1.10 b
-27¢ o 6.32 +0.17 9.47 + 0.91 b -
~277  green  7.04 $0.20  7.23 % 0.81 - 0.021  0.007
Mean and RMSD®  6.46 £0.63 10.94 * 1.28 b
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Table 172. continued . _
Sample Color Mn Na (%) K (%)
~30C co bl. 1,493 £+ 22 1.72 :0.03 6.28% 0.71
-271 " 1,604 + 24 1.27 £0.02 6.00% 0.61
-207 " 1,773 + 51 © 1.26 + 0.03 4.88 * 1.03
~30D " 2,310 + 46 1.53 +0.03 - 5.84'% 0.73
-27K " 3,023 + 43 1.43 +0.03 5.34% 0.78
-27E " 2,995 + 59 1.50 +0.03 5.78% 0.77
~276 " 3,516 + 59 2.04 + 0.04 5.62% 0.89
~27B " 3,825+ 110 1.51 £ 0.04 6.01% 1.13
—27F " 4,235 + 60 3.36 +0.04 3.06% 0.81
-27H " 5,486 + 107 2.45 + 0.04 4.02* 0.95
-1442 " 5,841 + 81 2.49 +0.04 - 6.61 % 0.93
-33 " 7,471 + 132 3.20 £ 0.07 .3.16* 1.46
-920 dich. 1,213 + 35 1.33 +0.03 6.84 * 1.01
27 1,493 + 43 1.61 +0.03 6.79* 1.04
=233 " 2,577 + 62 1.55 +£0.04 ~7.43 % 1.11
~278 " 1,981 + 58 . 1.65 +0.04 5.80* 0.99
-17 , 1,567 + 44 1.57 +0.03 5.60* 1.02
-179A "o 1,852 + 103  1.47 +0.03 6.43 * 0.57
-21J " 2,013 + 31 1.64 :0.03 5.19* 0.64
-855 ) 3,457 + 100 1.30 +0.03 6.35% 1.15
~1411 " 3,479 + 97 1.71 +0.04 5.84%* 1.09
-1 " 3,566 + 58 1.56 +0.03 7.74 % 0.73
-27L " 2,994 + 51 1.35 +0.03  6.11 * 0.81
-1 " 3,266 + 54 1.40 +0.03 6.79 * 0.75
~-27M " 3,209 + 54 1.00 +0.03 7.16 * 0.88
-1 " 3,155 #+ 55 1.50 +0.03 7.34 % 0.75
-94B " 4,808 + 81 1.55 +0.03 6.65 * 0.93
~94C X 5,051 + 86 1.94 +0.04 7.33 * 1.03
-183 " 6,895 + 115 1.77 +0.03 7.06 * 0.87
27N 988 + 15 1.79 +0.03 3.89 * 0.57
-1030 co bl. 3,977 ¢+ 69 3.12 +0.05 2.21 * (.88
-8A dich. 2,294 + 41 1.51 +0.03% 5.54 * 0.7%
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Sample Color Mn | ) K (%)
~27"0" bl-gr. 2,496 * 1. .03 5.36 % 0.76
-27V " 2,606 * 1. 0.03 6.70 + 0.78
-27Q " 2,501 ¢ 1. 0.03 5.70 + 0.74
-27R " 2,656 * 1. 0.03 4.71 % O.
-863 " - 501 ¢ 3. 0.04 3.57 % 0.52
~30B " 2,921 1.51+ 0.03 7.28+ 0.77
-100 " 1,990 # 1. 0.03 6.41 ¢ 0.73
-304° co bl. 2,098 * 1. 0.03 6.82 % 0.70°
~1386 " 1,711 ¢ 1. 0.02  5.50 + 0.49
-944 K 2,403 1. 0.03 6.07 + 0.69
-2Th " 2,460 * 1. 0.0% 6.07% 0.71
-278 " 4,097 2. 0.04 .4.58 % 0.81
-1035 " 5,693 2. 0.04 4.42 + 0.85
-8B " 1,958 + 1. 0.02° 6.31'+ 0.65
-8C " 2,416 % 3. 0.04 0.61+ 0.56
-8D " 4,033 # 3., 0.06 1.45+ 0.76
-3 " 4,387 ¢ 3. 0.05 5.92: 0.88
-1B " 7,156 3. 0.04 = 1.76-+ 0.95
~337 " 7,498 3. 0.05 2.66* 0.90
-65 bl gr 280 5. 0.06 2.92* 0.54
~27P  co bl. 6,227 1. 0.03 7.06 + 0.96
-82 " 6,338 2.67+ 0.04 3.97+ 0.82
~27U  black 3,235 1.82+ 0.03  4.49 % O
-89 " 3,589 + 2. 0.03 4.08t 0.71
-27D " 4,802 ¢ 1. 0.03 4.16+ 0.71
- =27¢ " 4,778t 1. 0.03 . 4.21%. 0.75
-277  green 730+ 3, 0.05 5.89 + 0.60

" Mean and RMSD

3,305+1,762

[ —

.83

.35

i+

6%
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Table 17a. continued

Samnle Color . [S ~ La
-30C  co bl. 1.66 + 0.02 4.05 + 0.37
~271 " 0.98 + 0.02 6.4% £ 0.40
=207 " 2.51 + 0.12 4.58'+ 0.18
-30D " ~1.32 £ 0.04 9.90 + 0.78
-27k " 0.76 + 0.02 4.24 + 0.38
~27E " "1.12 % 0.04 3.52 + 0.77
~27G " 1.2%3 + 0.04 3,91 + 0.82
-27B " 2.57 + 0.11  12.24 + 0.22
-27F " 1.80 + 0.03 12.04 + 0.54
~-27H " 1.61 + 0.05 30.65 + 1.23
~1442 " 1.25 + 0.03  21.31 + 0.70
~%3 " .0.87 & 0.04 13.66 + 0.81
~920  dich. 0.03% + 0.0% 2.84 + 0.07
27 ©2.91 +0.12 3.18 + 0.20
-2337 " 0.98 + 0.08 4.32 + 0.19
~27A " 2.65 + 0.09 7.33 ¢+ 0.20
~17 ¥ 5.28 + 0.16 12.85 + 0.28
-1794 " . 4.62 & 0.20 7.80 + 0.22
-27J AL 2.29 + 0.03 4.49 + 0.44
-855 " 0.72 + 0.08 6.26 + 0.18
-1411 " 1.51 + 0.08 4.40 +.0.18
‘-1 " - 1.02 + 0.04 4.76 + 0.80
-271 " 0.96 + 0.04  10.42 + 0.86
-1 . ©1.12 + 0.04 6.81 + 0.87
-2TM " 0.96 + 0.04 17.70 + 0.94
-1 " 0.79 + 0.02 11.31 + 0.37
-94B " 0.86 + 0.04 6.60 + 0.96
-94C " 1.19 + 0.05 10.46 + 1.10
-183 " 1.60 +0.03 124.25 + 1.14
-27N " 1.76 + 0.02 _ 3.19 + 0.36

© =1030 co bl. 0.64 £ 0.05 4.71 + 1.12
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Sample Color U ‘La
-27"0" bl-gr. 1.20 £+ 0.03  11.96 * 0.49
-27V " 1.22 + 0.03 10.98 + 0.53
-274Q " 1.19 * 0.03 12.58 + 0.50
-27R " 1.19 + 0.0% 12.01 *+ 0.51-
-863 " 0.97 £ 0.02  5.97 * 0.44.
-30B " 0.89 t 0.0% 2.79 + 0.60
-100 " 1.22 ¢+ 0.02  3.92 t 0.36
-30A - co bl.  0.98 + 0.03  3.22 + 0.62 -
-1386 a 0.81 *+ 0.01  5.45 * 0.29
-a4; o 1.26 + 0.0% - 3.67 £ 0.65 .
~274 1.02 + 0.04 12.75 t 0.77 .
=278 o 1.25 * 0.04 16.52 + 0.91
-1035 - " 2.32 * 0.02 14.87 + 0.43
-8B oo 0.87 + 0.02 2.57 + 0.35
-sc " 0.72 + 0.02  9.46 *+ 0.48
-8p " 1.21 + 0.03 33.89 + 0.69
=3 " 1.39 + 0.06  77.74 + 1.66
-18" " 1.26 + 0.02 8.15 + 0.44
-337 " 2.08 + 0.06  14.70 + 1.19
-65  bl-gr. . 1.85 t 0.03  4.56 * 0.53
-27P ¢co bl 0.73 + 0.02 24.27 + 0.55
-82 " 1.14 * 0.02 19.05 * 0.49
~270  black 1.42 + 0.05 22.23 + 1.10
-89 " 1.52 + 0.03 23.87 + 0.69
-27D " 1.30 * 0.0%5 17.42 * 0.58
-27C " 1.33 + 0.05 17.10 + 1.09
=277 green 1.14 + 0.04  9.58 + 0.87
Mean and RMSD 1.43 £ 0.86 « 13.29 +18.55
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Table 172. continued

Sample * Color Co - Sc

-30C  co bl. 145.77 + 1.17  0.69 + 0.02
—271 " 20%.45 + 1.58  0.75 .+ 0.03
-207 " 276.25 + 1.61 - 1.27 z 0.0%
~30D " 282.14 + 2.88 1.28 + 0.04
~27K d 291.45 +2.22  0.72 : 0.03
—27E - " 423.60 *4.26 1.12 + 0.04
-276 " 484.63 +5.21 0.98 $0.05
-27B " 526,44 +2.99 1.10 % 0.04
-27F " 686.89 *+5.03  1.12 % 0.05
-27H " . 800.03 £7.95 1.83 & 0.07
-1442 " 944.8% t 6.78 1.2% & 0.07
~33 " 1,152.10 + 9.87 1.96 +.0.10
920  dich.  ° 101.98 * 0.64 0.88 : 0.01
-27 " 116.00 £0.73 0.83% % 0.02
-2330 " 141.29 +0.99 1.41 + 0.02.
-278 " 145.50 + 0.86  0.94. + 0.01
-7 © 208.13 * 1.45 . 1.02 1 0.02
-1794 " 257.18 +1.67 1.36 #0.0%
-279 " ©278.14 t2.11  3.14 +0.04
~855 L 300.70 * 1.74. 1.37 +0.03.
-1411 " . 384.18 +2.57 2.27 +0.03
-1 oo 415.63 +3.61 1.41 +0.05
-27L " . 430.07 *4.66 1.08 *0.05
-1  434.70 £3.86 1.30 :0.06
-27M " 444.82 *4.78  1.53 +0.04
-1 " 472.98 *4.23  1.58 £0.05
~94B " 642.44 *6.88 1.55 *0.06
~94C o 668.62 *+7.18 1.16 *0.06
-183 " 1,125.10 +9.42  2.50 +0.09 .
~278 v 86.60 +0.76 0.79 +0.02
-1030 " 526.79 +5.71 1.30 +0.06
-84 " 372.59 +3.23  1.33 £0.04
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Table 17a. continued
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Sample Color . v Co : Sec
_27"0" bl-gr.  295.15 % 2.23 1.66 + 0.03
-27V. " ©297.77 + 2.24 1.56 * 0703
~276 " 300.43 + 2.25 1.57 t 0.03
-2TR " 305.89 t+ 2.30 1.65 % 0.03
-863 "o 31.55 ¢ 0.35  0.47  0.01
-3 " 110,73 ¢ 1.17  1.24.% 0.02 . -
~100 " 166.09 + 1.31 1.16 * 0.02
~304  co bl. 226.59 + 2.29 0.63 * 0.03 -
-1386 " 243.74 t 2.09  1.43 * 0.03
~94p " . 267.09 £+ 2.71 1.07 £ 0.04 -
-278 " ©353.99 + 3.55  0.91 * 0.05 _
-27B " 483.67 * 4.84 2.11 * 0.07 .
-1035 . "  644.48 * 5.43  2.12 * 0.06
-8B " 157.60 % 1.24  1.02 % 0.02 .
-8C - " 327.15 ¢+ 2.41 .0.76 * 0.03
-8D " 620.42 * 5.31 1.45 * 0.05
-3 " 1597.10 + 5.92 2.42 * 0.06 -
-1B " 945.10 + 7.90 1.73 * 0.08
~337 T 1,054.50 £ 10.42  2.77 * 0.13
-65 bl-gr.  1.89 + 0.07 0.89 * 0.01
=27P  co bl.  805.21 + 5.93 2.20 t 0.06
.82 noo 823.16 * 6.89 1.84 * 0.07
~270  black 1 307.59 * 3.35 5.19 * 0.05
-89 a , 389.21 *+ 2.88 6.75-% 0.05 |
-2 | 402.35 t 2.98  4.48 * 0.05
-27¢ " 405.68 t 4.38  4.40 * 0.05
-277 - green 33.77 + 0.43  1.97 * 0.02
" Mean and RMSD 413.03 £275.52  1.67 * 1.13
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Te (%)'

Cs

Sample_ Color Yb . _
~30¢ co bl. 0.22 # 0.01 0.63 & 0.05 6.20 + 0.20
~2771 " 0.25 + 0.02 0.55 + 0.07 10.30 * 0.30
-207 " 0.48 +0.02 0.52 + 0.06  1.10 # 0.20
-30D " 0.37 £0.02 0.94 t0.10  8.20 * 0.30
-27K " 0.21 % 0.02 0.70 + 0.07 14.80 * 0.30
~27E " 0.28 + 0.03 0.62 +0.12  9.50 £ 0.40
-276 " 0.34 +0.03 0.65 +0.12  6.70 * 0.40
-27B " 0.30 *0.02 0.85 + 0.08  7.60 t 0.30
-27F " 0.19 +0.03 1.72 * 0.09 2.40 + 0.40
. -27H " 0.45 +0.04 1.27 % 0.17 4.40 * 0.60
~1442 " 0.29 +0.04 2.27 +0.14 4.00 * 0.60
-33 " 0.43 +0.06 =-0.24 + 0.21 7 5.10 * 0.80
=920 dich. 0.30 +0.01 0.43 + 0.04 7.30 + 0.10
-7 " 0.22 +0.01 0.42 + 0.04 4.50 *+ 0.10
-2334 " 0.28 +0.01 0.3%8 * 0.05 5.60 + 0.20
-274 " 0.32 +0.01 0.82 %0.04  8.00 * 0.10
-17 " 0.35 +0.01 0.3% +0.07  2.50 * 0.20
1794 " 0.44 *0.02 0.46 *0.06  3.60 * 0.20
-27J " 0.29 +0.02 1.6% * 0.09 3.70 * 0.30
-855 " 0.40 £0.02 =0.12 * 0.06 3.50 * 0.20
-1411 " 0.60 $0.02 0.60 *+0.08 10.00 * 0.30
-1 " 0.30 +0.03 0.07 *0.14 9.00 * 0.40
-27L oo - 0.26 t0.03 0.68 *0.13 - 10.40 * 0.40
-1 " 0.31 *0.04 =-0.05 #*0.17 8.60 * 0.50
~27M " 0.26 *0.03 1.52 #0.13 9.70 * 0.40
-1 S 0.47 +0.03 0.14 *0.10 5.30 % 0.40
-94B " 0.31 +0.04 0.35 *0.13 8.60 * 0.50
-94C " 0.29 +0.04 0.78 *0.16 9.10 * 0.50
-183 " 0.29 *0.05 2.67 *0.18 7.70 % 0.70
-27N " 0.34 *0.01 0.48 *0.05 7.30 *0.20
-1030 co bl. 0.22 $0.04 0.55 *0.15 2.20 *0.40
-8 A dich. 0.33 $0.02 =0.04 *0.09 8.80 *0.30
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Sample. Color Fe (%) - Yb Cs
~2770" bl-gr.  1.35 + 0.02 0.95 * 0.08  8.50 * 0.30
~27V " 1.39 + 0.03 1.09 *0.09  8.10 * 0.30
270 " 1.45 £ 0.02 0.90 *0.07  8.30 * 0.30
-27R " 1.54 +0.03 0.94 *0.09  8.20 % 0.30
-863 . " 0.20 + 0.01 0.58 * 0.04 2.20 *0.10
-30B " 0.31 + 0.01 0.47 *0.06  4.60 * 0.20
.100 " 0.29 +0.01 0.45 t0.06  8.40 * 0.20
2304  co bl. 0.16 +0.02 0.34 *0.07  8.50 % 0.30
-1386 " 0.41 +0.02 0.42 *0.07  3.30 * 0.20
-948 " 0.24 +0.04 0.43 t0.21  8.40 * 0.30
-274 " 0.12 + 0.04 0.76 *0.22 10.10 * 0.40
-27B oo 1.00 + 0.06 1.19 *0.30 10.80 * 0.50
~1035 " 0.57 +0.03 © 2.75 t0.13  14.50 * 0.50
-8B " 0.23 +0.01 0.42 *0.06  4.00 *0.20
-8C " 0.20 # 0.02 0.50 *0.07  2.70 *0.30
-8D " ©0.29 +0.03 0.34 *0.11 2.10 *0.40
-3 " 0.22 +0.04  7.87 *0.29 5.20 * 0.40
-1B " 0.39 + 0.04  1.12 *0.13  5.10 * 0.60
~337 " 0.48 £0.10 1.78 * 0.46 14.80 * 0.80
-65  bl-gr. 0.59 +0.01 0.59 *0.04 - 4.00 * 0.10
-27P  co bl. 0,35 +0.03 1.96 *0.12 . 3.10 * 0.50
-82 " 0.42 + 0.04 0.39 *0.12 17.50 * 0.60
-270  black  5.09 + 0.08 1.65 *0.14  6.40 * 0.30 - .
-89 " 4.94 % 0.05 2.08 +0.11  5.00 * 0.40
-27D " 4.71 + 0.05 1.58 *0.12  6.80 *0.40
-27¢C " 4.85 + 0,08 1.25 +0.14. 7.30 *0.40
-27T  green  2.46 * 0.04 0.72 *0.07 10.30 *0.30
Mean and RMSD ~ 0.34 * 0.147 0.95 * 1.13  7.02 * 3.46
o © 1.43 : 0.83° |
4.41 +1.10°
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Sample Color Ta Th -

-30C. co bl. 0.46* 0.00 0.67 * 0.04
271" 0.84* 0.01 0.60 % 0.05
-207 " 0.58* 0.01 9.90 +1.11
~30D .. 0.72% 0.01 0.42 * 0.09
-27K B ~ 0.57* 0.01 0.44 * 0.06
-27E " 0.54* 0.01 0.66 * 0.11
=276 " 0.83% 0.01 0.46 *0.11
-278 " © 0.31* 0.01 0.48 * 2.05
~27F " 0.23* 0.01 1.30 * 0.10
~27H h '0.30 * 0.01 0.84 *0.17
~1442 " 0.33 *+ 0.01 1.02 *0.14
-33 i 0.66 + 0.01 0.88 * 0.20
-920  dich. 0.25 *+ 0.00 0.62 * 0.39
-27 " 0.37 % 0.00 0.50 *0.46
~23%4 n 0.70 + 0.00 1.13 * 0.61
274 n 0.65 *+ 0.00 0.71 *0.56
-17 " 0.19 * 0.00 . 0.31 * 0.91
~1794A " 0.44 + 0.00 1.34 *1.45°
-27J " 0.54 % 0.0l 4.31 *0.07
-855 " 0.39%* 0.00 1.04 *1.21
-1411 " 0.55 * 0.01 0.78 * 1.68
-1 " 0.24 * 0.01 1.49 *0.12
-27L " 0.43 % 0.01 0.33 +0.11
-1 oo 0.40 * 0.01 3.10 *0.15
-27M " . 0.22* 0.01 0.50 *0.10
- 0.43 * 0.01 1.33 *0.10 -
-94B " 0.22 t 0.01° 0.39 *0.14
-94C" " 0.99 % 0.01 0.67 *0.15
-183 " 1.10 * 0.01  4.30 *0.22
—27N " 0.67 * 0.00 1.19 *0.04
-1030 - co bl. 0.19 * 0.01 0.71 *0.13

0.01 =0.06 *0.08
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Table 17a. concluded . -

Sample Color Ta = " Th

-27"0" Dbl-gr. 0.95 + 0.01  1.33 % 0.06

~o7v " ©0.95 £0.01  1.19 * 0.07
~27Q " 0.94 *0.01  1.22 * 0.06
2R " 1.00 *£0.01  1.19 * 0.07
-36%3 " 0.24 *0.00  0.90 * 0.0%3
-30B " 1.61 *0.01  1.10 * 0.05
-100 " 0.45 £ 0.00  0.64 * 0.04
~304 . co bl.  0.40 ¥0.00  0.26 * 0.06
-1386 " 1.16 t0.01  0.94 * 0.06
-94p " ©0.57 *0.01  2.39 £ 0.22
~27A " 0.39 * 0.01  4.39 * 0.25
-27B h 0.97 *0.01  5.73 * 0.34
-1035 "o 2.10 *0.01 2.03% * 0.13
-8B " 0.38 *0.00 0.98 * 0.04
-8c " 1.53 +0.01  0.58 * 0.06
8D " 0.25 *0.01  0.93 £0.11
-3 " 0.63 *0.01 1.95 *0.20
-1B " 0.96 t0.01  2.36 t0.18
~337 " 6.36 *0.03 10.80 * 0.62
-65 bl-gr.  1.14 *0.00  6.80 *0.05
-27P ~ co bl.  0.13 t0.01  5.23 *0,12
-82 " 2,99 t0.01 . 2.55 *0.16
-27U  black 2.04 *0.01  2.02 *0.10
-89 " ©1.85 *0.01  2.81 *0.09
=27D " 1.86 t0.01 - 1.77 t0.09
-27C " 1.80 *0.01 1.17 *0.11
-277  green - 2.38 *0.01  1.63 *0.05
Mean and RMSD 0.88 *+0.95  1.82 * 2.15
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fable 17b. Bead from Igbo Ukwu: Neutron Activation

a,i

knalysis

‘Sample Description Color » AL (%)

IGB-N3C bead, reheated cane cobalt blue 6.56 + 0.22

ca (#) ™ Ne (B K (A

10.43 + 1.41 7,928 + 141 2.28 + 0.07 3.43 + 1.86

VA | La . Co Sc

1.58 *0.05 18.64 *0.99 1,104.80 % 9.47 2.99-* 0.10

Pe (%) Yb Cs - Ta

0.66 +.0.06 0.94 *0.21 12.80 * 0.80 1.64 * 0.01

Th

1.7 * 0.20
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Notes to Table 17

All data are given in parts per million unless otherwise indicated.
Negative numbers are an grtifact of the calculations, meaning that the
element is so loﬁ in concentration as to be undeteétable. Within'sample
categoriés,_the semples are arranged approximately in order of increas-
ing cobélt.‘ Stripes and trimmings were, of cdurse, analyzed separately‘
or not‘at'all. |
Impreciseiy—determined'elements are exciuded frdm'this Table. Those
for whiéh a mean concentratioﬁ could be determihed-are (with mean and
root mean square deviation): V, 45 + 91 bpm; Dy, 5 i‘3 ppm; Eu, 0.8

+ 1.1 ppm; Sr, 576 + 457 ppm; Ga, 228 + 174 ppm; Tu, 0.12 + 0.13 ppm;
Na, 12.8 + 17.8 ppm; Sn, 130 *+ 84 ppm; Ba, 268 + 254 ppm; Ni, 110

+ 65 ppm; Tb, 0.29 * 0.4k ppm; Hf, 1.18 + 0.71 ppm. 'Préciseiy—deter—
mined lanthanides averaged: Sm, 2.60 * 3.78>ppm; Ce, 26.6 1.17.7 ppm.
For the remaining elements;-the fbllowing uppef limits of concentration
werevobtained, given'with an estimated represenfatiﬁe counting error:
Mg, 3;6 + 240%;’Cu, when not used as an additive,‘280 + 150 bpm; cl,
0.2 ¢ 6.1%; In, 30 % 12 ppm; As, 90 * 65 ppm; Ti, 0.20 % 0.09 ppm; Au,

0.3 * 0.3 ppm; Mo, 10 £ 1.ppm; W, 2 £ 1 ppm; Ho, 5.0 * 0.3 ppm; Ag,

I+

6 *+ 2 ppm; Sb, 20 + 1 ppm; Ir, 0.02 + 0.0l ppm; Cr, 95 * 2 ppm; Hg,
assuming none is lost in the reactor, O;7 * 0.8 ppm; Rb, 600 £ 50 ppm;‘
Zn, BOO.i 50 ppm. Pb Was determined by X~ray.flﬁorescénCe‘on_the fol—
.1oﬁing seventéen samples of Group I: ITA-27B, ITA-920, ITA-2TA, ITA—SSS,
ITA-1411, ITA-1386,‘ITA—1035, ITA-89, KOU-1, GAO-1, OLD-27, ILE*233a,
OLO-~1B, ORU-183, ORU;17, ORU-207,.ORU—179a. In all cases the result

was below the approximate limit of detection of 0.05%.
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This érucible lining also has green regions.

Not determined.

Root mean square deviation (see.Chapter 3).

For all samples except the four "casual" and :f‘ive"black and green
samples.

For the four "casual" samples, ITA-27"0", ITA-27V, ITA-27Q, ITA-27R.

For the five 5lack and green samples, ITA-89, ITA—27D,.ITA—2TC, ITA—QTT,
ITA#27U.‘ »

The upper limits given in note b are éll appropriate for IGB-N3C. For

those for which means were calculated for Group I, IGB~N3C gave the

following concentrations: V, 67 + 42 ppm; Dy, 12 + 1 ppm; Ga, 753

+ 192 ppm; Sm, 2.75 * 0.02 ppm; Lu, 0.16 * 0.03 ppm; Nd, 15.9 + 3.1 ppm;
Ce, 48.7 + 1.6 ppm; Sn, 250 * 18 ppm; Eu, 0.5 * 0.1 ppm;vBa; 318 + 143
ppm; Ni, 138 + 58 ppm; Tb, 0.28 + 0.08 ppm; Hf, 1.83 % 0;68,ppm. Each
of these is similar to the concentrations displayed by Ife Group I. |
The vacontent of IGB~N3C was estimated by X-ray fluoreScence analysis

to be < 0.1%.

.
;
i
i
i
i
i
j
(
i
i
.
i



-289_

Table 18. ~ "Corded Bead" and "Dichroic Bead" Trial Subgroups :
Means and Standard Deviations of the

Means of the Elemental Concentrations

Element - _Corded.. : o ... Dichroic
Al - 6.22+  0.12 . 6.51 + 0.13
Ca 11,71+ 0.32 11.10 £ 0.27
Mn - 3631. + 538. 3093.. * 356.
Na 1.98 + 0.21 : 1.52 £+ 0.05
K 5.22 £ 0.35 - 6.62 + 0.17
| | 1.47 £ 0.17 ©1.73 ¢ 0.34
La 10.54 + 2.1 1k.4b6 = 6.93
Co , 518.13 + 91.51 386.32 + 62.03
Se 1.17 + _ 0.12 1.4k9 £+  0.15
Fe 0.32 + 0.03 0.34 + 0.02
Yb 0.87 +  0.19 0.65 + 0.17
Cs 6.69 + 1.08 6.89 + 0.63
Ta 0.53 + 0.06 0.48 + 0.06
Th 1.47 ¢ 1.35 0.31

0.77

I+
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Table 19. Ratio of Manganese to Cobalt in Group.I

Sample Ratio - Sample Ratio
ITA-30C 10.2 ITA-9LC .6
ITA-27I - 7.9 ORU-183 .1
ORU-20T7 6.4 ITA-27"0" .5
ITA~30D 8.2 ITA-27TV .8
ITA-2TK - 10.4 ITA-27Q .3
ITA-2TE 7.1 ITA-2TR T
ITA-27G 7.3 ITA~30B i
ITA-2TB 7.3 ITA-100 .0
ITA-27F 6.2 ~ ITA-863 .9
ITA-2TH 6.9 (ITA-65 .1
ITA-1442 6.2 ITA-30A 9.3
ORU-33 6.5 ITA-1386 7.0
ITA-2TN 1.4 ITA-OLA 9.0
ITA-1030 7.5 ITA-2TA 6.9
0LO-8A 6.2 ITA-2TB 8.5
ITA-920 11.9 ITA-1035 8.8
ORU-27 12.9 0L0-8B 12.4
ILP-233A 18.2 0L0-8C 7.4
ITA-2TA 13.6 0L0-8D 6.5
OLD-17 7.5 0LO-3 7.3
ORU-1T9A 7.2 0LO-1B 7.6
ITA-27J 7.2 OLO-337 7.1
ITA-855 11.5 ITA-27P T.7
ITA-1411 9.1 ORU-82 7.7
KOU-1 8.6 ITA-89 9.2
- ITA-2TL 7.0 ITA~2TD 11.9
GAO-1 7.5 ITA-27C 11.8
ITA-2TM 7.2 ITA-2TT 21.6
0SS-1 6.7 ITA-2TU 10.5
ITA-9LB 7.5 (IGB-N3C 7.2

8Not included in mean, 9.3 * 3.8.
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Table 20. Ife Class II: Neutron Activation Analysisa’b

Sample Description Color.

ITA-22B bead, biconical : . opaque yellow

ITA-21A " , short cylinder opaque grayish yellow

ITA-21B " , long cylinder - opaque greenish yellow

ITA—91h'_ " , short cylinder - . transparent blue-green

ITA-1421  crucible lining " "

ITA 885 " 1" n "

Tm&;—lO'(Y " o 1 ) n

ITA-20 ‘bead, reheated cane opaque blue, with four stripes

: of opaque white framed by

. Indian red

ITA-19A trim, composite bead  Indian red

ITA-198  core, - . " " transparent dark green

1 1"

ITA-19C trim, opaque yellow

ORU-5TA bead, cane, éubdiscoid translucent blue-green

ORU-2068 " " " opaque to translucent blue-
' green

"ORU-206A " wound, " translucent blue-green

ORU-179C " fragment :  blue-green .

" "

ORU-179B : trahslucent blue-green
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Table 20. continued
' Bample Color M (%) c1 (%) Mn

~22B yellow 1.10 + 0.09 0.99 +0.18 6,939 + 166
-214 gy-yel. 0.84 + 0.27 1.10 + 0.17 4,617 + 136
-21B gr-yel. 1.08 + 0.31 1.31 + 0.16 3,677 + 106
~914 bl-gr. 1.83 + 0.06 0.89 + 0.09 365 + 20
-1k21 " 3.58 + 0.17 ‘0.53 + 0.05 620 + 14
-885 " 3.42 £ 0.36 0.57 + 0.05 273 + 13
-1077 " 6.21 *+ 0.25 0.39 + 0.11° 379 + 12
-20 blue 3.92 + 0.06 0.72 + 0.10" 613 + 16
~19A IR 3.56 + 0.13 0.75 + 0.10 1,103 + 21
-19B - green L.hh £ 0.59 0.53 + 0.10 1,272 29
-19¢C yellow 2.82 + 0.18 0.96 + 0.23 L,924 + 104
-5TA bl-gr. 2.41 '+ 0.28 1.46 + 0.2 396 + 26
-206B " 3.26 + 0.21 0.54 + 0.15 1,355 + 28
-206A " 2.30 %+ 0.26 1.36 + 0.09 Lo6 + 20
-179¢C " 3.79 + 0.29 1.27 + 0.27 925 + 39
~179B " 1.55 + 0.06 1.33 + 0.15 357 + 31
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Sample Color Na (%) Cu

~22B yellow '10.65 + 0.17 < 200 0.81 £ 0.0k
-21A gy-yel. 10.79 + 0.16 11,678 + 272 1.28 + 0.16
~-21B gr-yel. 11.86 + 0.17 L,o7h + 202 -0.29 + 0.22
91k bl-gr. 7.37 + 0.11 11,361 + 21k 0.39 +°0.13
~1421 " " 5.64 £ 0.05 6,418 + 92 0.63 * 0.02
-885 " © 6.10 + 0.05 7,80k + 96 0.54 + 0.02 .
-1077 " 5.80 + 0.06 4,486 + 93 1.05.% 0.05
-20 blue 7.93 + 0.09 7,344 + 127 ~1.82 * 0.0k
~19A IR 9.0 + 0.10 10,063 + 153 1.24 + 0.03
-19B green 8.03 # 0.08f' | 9,389 + 160 0.83 + 0.10
-19C yellow 11.22 + 0.11 1,214 + 157 4.21 + 0.13
~-57A bl-gr. 1k.07 + 0.12 - 13,849 + 167 1.20 + 0.06
-206B " 10.82 + 0.1k 10,277 + 191 1.15 % 0.0k
-206A " 13.42 + 0.11 12,948 + 156 0.75 + 0.03
-179¢ " 9.20  0.16 9,01k + 281 0.50 * 0.22
~179B " 64 + 0.21 11,991+ 26k + 0

- 13.

0.91

17
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S

Sample - Color La Co - Ag
-22B yellow 6.93 + 0.89 6.12 +0.18 2.6 + 0.5
-21A gy-yel. - 8.30 + 0.38 L.96 + 0.12 L.7 +0.3
-21B gr-yel. T7.97 £ 0.41 5.04 +0.16 1.7 +0.3
~91k bl-gr. 10.40 * 0.3l 7.21 + 0.12 L4.9 £ 0.3
-1421 " 11.66 + 0.47 56.03 + 0.56 1.8 + 0.5
~885 " 10.26 + 0.L7 15.18 + 0.21 3.0 0.3
-1077 " 7.36 +1.14  21.39 + 0.k40 2.0 + 0.8
-20 blue 8.43 + 0.79 11.19 + 0.22 3.0 + 0.6
-19A IR 13.40 + 0.7k 99.66 * 1.01 5.1 £ 0.7
-19B green 5.98 + 1.92 5.18 + 0.5k 4.0 + 1.3
-19C yellow 11.67 + 2.29  13.61 * 0.61 10.0 + 1.7
-5TA bl-gr. 1h.b7 +1.78 11.44 + 0.3k 9.1 + 0.8
-206B " 11.78 + 0.87 57.86 + 0.61 4.8 + 0.6
~206A " '11.75 + 0.81 5.47 + 0.21° 6.2 + 0.5
-179C " 15.33 + 0.6k 76.63 + 0.60 4.8 + 0.7
-179B " 11.31 + 0.48 7.38 + 0.13 7.6 + 0.4
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Sample

Color Se Fe (%) s
-22B  yellow 1.66 £+0.02  0.61 *0.02 0.54 +0.08
-21A gy-yel. 1.96 + 0.01 0.57 +0.01 1.16 +0.05
-21B gr-yel. 1.74% +0.01 0.64 *0.02° 1.45 4 0.07
-91h bl-gr 1.75 £0.01° ~ 0.51 #0.01 " 1.01 +0.05
-1hk21 " 2.00 + 0.02  0.71 *0.02 0.84 * 0.06
-885 A 1.57 +0.01 0.4k *0.01 0.78 % 0.05
-1077 " 2.02 +0.03  1.08 *0.03 0.97 # 0.10
-20 blue 2.27 £0.02  O0.Th *0.02 1.20 # 0.10
-19A IR 3.62 + 0.03 '1.73 + 0.03 1.07 + 0.09
-198 green 3.77 £0.05  1.09 *0.06 1.75+0.23
-19¢C yellow 3.67 +0.07 0.97 *+ 0.05 1.06 +.0.24
~5TA bl-gr. ~ 3.87 #0.03 1.09 + 0.0k 1.81 # 0.13
-206B v b.11 + 0.02  1.31 *0.02 0.99 +0.05°
-206A " 3.4k £ 0.02 . 0.87 £0.02 1.19 £ 0.09
-179¢C " 3.85 # 0,03  1.35 + 0.02 1.23 % 0.08
1798 " 3.32°¢ 0.02  0.93 * 0.01. 1.05 + 0.05
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‘Table 20. continued
Sample Color .. ... Ta. ..... ... ... . S .. Sn
-22B yellow 0.19 # 0.01 13.0 £ 0.6 10,869 * 22
-21A " gy-yel. 0.45 + 0.00 40.8 + 1.1 5,597 + 15
-21B gr-yel. 0.36 + 0.00 112.0 + 3.5 . 6,779 + 1k
-91L bl-gr. 1.47 + 0.01. 28.2 +. 0.9 b
-1k21 M 0.46 *+ 0.00 11.9 + 0.6 b
-885 " 0.21 % 0.00 . 17.6 * 0.8 b
-1077 " 0.52 +0.01  10.8 * 0.6 b
-20 blue 3.40 + 0.01 16.0 £ 0.8 666 + 10
~19A IR 2,17 + 0.01 21.7 + 1.0 517 + 8
-19B green 1.61 * 0.01 k6.4 = 7.2 9,908. + 33
-19C yellow 10.68 + 0.02 23.6 * 1.5 8,083 + 3k
-5TA bl-gr 0.39 * 0.01 - 67.0.% 2.6 b
-206B " 1.07 + 0.01 35.1 £ 1.5 354 £ 5.
-206A " 0.28 * 0.00 83.0 + 3.8 220 + T
-179C " 0.73 *0.01 22.2 * 0.6 b

" 0.30 * 0.00 21.7 + 0.6 b
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concluded
Sample Color Th: " Hf Zn
-22B yellow 2.62 + 0.05 “2.43 * 0.15 b+ ok
-21A gy-yel '2.31 *# 0.03 9.77 + 0.18 788 + 5
-21B gr-yel. '1.97 + 0.0k 3.32 + 0.12 149 + 4
~914 bl-gr. 2.61 * 0.03 3.26 + 0.10 133 + 3
-1k21 " 2.57 * 0.05 2.38% 0.1 - 69t 5
-885 " 2.26 + 0.04 2.51 * 0.12 61+ 3
~1077 " 1.83 + 0.07 1.72 + 0.22 216 + 8
-20 blue 2.74 + 0.06 2.10 + 0.17 27T+ 6
-19A IR 3.35 £ 0.07 2.97 £ 0.20 329t 8
-19B green 7.04 + 0.17  2.48 + 0.41 68 + 13
-19¢C yellow 16.37 £ 0.22 4.56 + 0.45 429 + 18
~5TA bl-gr. 4.03 + 0.10 3.19 * 0.26 103 + 8
2068 L '3.66 + 0.05 k.22t 0.17 652+ 8
~206A " 3.12 + 0.07 2.62  0.18 311 +
-179¢C " 3.50 + 0.06 3.34 + 0.18 345 %

" +0.03 2.87 + 0.10 100 *

-179B

2.93

-+
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Notes to Table 20
All déta are given'inrparts per million unless otherwise inéiéafed.
Stripes ahd‘trimming are, of coursé, analyzed separgtely'of not at all.
For the folloWing elemenfs, the upper limits of éohcenﬁratién, with a
v representative counting efror, are: Mg, 3% 2%; Ca, 7.7 # 1.7%; V,
75 * 50 ppm; Dy, 30 * 5 ppm; K, 6 * 2%; Sr, 0.2‘5‘0.3%; Ga, 275 + 120 °
ppu; In, 11 * 7 ppm; As, 400 + 70 ppm; Sm, 2.29 + 0.05 ppms Ti, 0.35
+ 0.10 ppm; Lu, O.lT‘i 0.04 ppm; Au, O;3h + 0.01 ppm; Nd, i8 +h ppm; 
Mo, 10 * 2 ppm; W, 12 * 2 ppm; Ho, 1.6 * 0.3 ppm; Ce, 30 + 1 ppm; Cs,
ll.é + 0.3 ppm; Ir, 0.019 * 0.003 PPm;_Cr, 55 * 3 ppm; Hg? §ssgming
none is lost.in the reactor, 0.5 * 0.3 ppm; Eu, 0.6 + 0.2 pém;'Ba,
L50 + 100 ppm; Ni; 60 + 20 ppm; Rb,.620 + 30 ppm; Tb, 0.33 * 6.05 ppm.
Pb was determined by X-ray fluorescence ansalysis as follows: -22B, -
8 + 2%; -21A, 3.6 * 0.6%; -21B, T + 2%; -91k, 0.12 * 0.05%; -1h21,
" 0.0U%; 885, v 0.05%; ~107T, v 0.06%; -20, "~ 0.05%; ITA-19 as a
whole, 2.3 + 0.4%, probably mosfly froﬁ the’yeiloﬁ ﬁrim;‘—SYA;f< 0.05%;
-206B, 0.08 * o;oh%; -206A, 0.12 * 0.05%; -179C, 0.2 ¢ 0:1%; ¥i79B,
" 0.04%. o

Crucible lining also had streaks of Indian red.
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Teble 21. Ife Study, Class III (Miscellaneous):

Neutron Activaton Analysis®

’b..

opague pale_coba;t'blue

Sample Site . 'Description .. .

IFE-291 Ife sherd

CLO-1  Glozel ‘cullet

GLO-3 " "

GLO-2 " "

WUN-10A Wunmonije Head No. 10 bead, cane, short cylinder

OLO-2 Olokun Grove . fragment, corded

OLO-8E " " sherd

ILE-235 Ilesha bead, short cylinder

OLD-117 014 Oyo bead, céne; long cylinder 
Sample Color Al (%)
291  dichroic 2.06 + 0.10
-1 " L.57 + 0.12
-3 ", opal 4.37 £+°0.16
-2 transparent green: 2.06 % 0,09
-10A very: dark (transparent) cobalt blue . : 5.60 # 0-37
-2 ‘transparent cobalt blue’ . ' 0.55‘1 0.26
-8E bright, transparent cobalt blue B 0.27 * 0.07
-235 transparént green (? "Annagrun') 7 ' 0.37 + 0.0k
117 ' ' 0.88

0.05

e
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Table 21. continued

Sample Color . .. Ca (%) ... . Mn
-291 dichroic 12.61 * 0.89 4,484 + 3ho
-1 " 7.24 + 0.80 5,407 + 92
-3 " 8.85 + 0.92 5,953 + 89
-2 green 9.0k + 0.92 6,202 + 104
-10A co bl. 0.k9 + 2.27 12,085 * 193
-2 " 6.54 £ 0.72 1,357 + 32
-8E " 7.55 £ 1.31 386 + 26
-235 green 1.05 * 0.59 o7 £ 15
-117 co bl. 6.81 £ 0.71 3,282 + 94
Sample Color Na (%) K (%)
-291 dichroice 4.90 + 0.70 1.10 £ 1.09
-1 " 1.07 + 0.0k 8.90 + 1.21
-3 " 0.81 + 0.02 6.15 + 0.53
-2 green 1.72 + 0.05 10.23 + 0.33
-10A co bl. L.sh + 0.06 L.22 + 1.36
-2 " 12.56 + 0.11 0.84 + 0.75
-8E " 13.13 + 0.1k 2.45 + 1.00
-235 green 5.40 + 0.09 10.12 + 1.19
~117 co bl. 8.43 + 0.13 6.59 + 1.53
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Table 21 . continued

Sample Color .. .. ... ... SCao U
291 dichroic b 1.27 + 0.03
-1 " b 7.59 + 0.06
-3 " b 6.20 + 0.05
-2 green b 2.k + 0.04
-10A  co bl 3,260 + 208 1.47 £ 0.06
-2 " b 8.68 + 0.15
-8E " b 5.22 + 0.08
-235  green 4,382 * 126 2,803, +53..
-117 co bl. b  n.d.
Sample Color La "~ Co

=291  dichroic 16.42 + 0.76 5.70 + 0.15
-1 "o 40.47 + 0.81 4.32 + 0.10
-3 " 47.31 + 0.81 7.98 + 0.15
-2 green 42.35 £ 0.85 _ 4.96 £ 0.12
-10A co bl 21.00 + 1.66 1,533.70 +12.97
-2 " L.62 + 3,22 283.09 * 2.k49
-8E " 3.32 £ 1.60 891.99 * 6.53
—235 green n.d. 1.19 £ 0.27
-117 co bl n..d. 419.83 + 8.52
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Sample Color Sc .. Fe (%) Yb
-291 dichroic 2.49 + 0.02 0.75 * 0.02 1.31 + 0.08
-1 " 4.0k £ 0.02 0.85 + 0.02 2.93 + 0.09
-3 " k.32 + 0.02 1 0.86 .+ 0.02 2.57 + 0.09
-2 green 1.80 + 0.02 0.52 + 0.01 1.21 * 0.07
-10A co bl. 3.57 + 0.15 0.7h4 + 0.09 0.26 * 0.3k
-2 " 0.k9 + 0.0k 0.25 * 0.05 2.90 + 0.21
-8% " 0.37 + 0.08 0.10 * 0.05 0.63 £ 0.18
-235 green 10.30 + 0.01 0.07 * 0.02

-117 co bl 1.55 + 0.31 1.k2 = 0.61  n.d.
’Sample Color Ta Sb Sn

-291 dichroic 0.35 + 0.00 12.8 + 0.7 86t 7
-1 " 1.69 + 0.01 L + 0.1 202+ 5
-3 " 1.47 + 0.01 1 * 0.1 185+ 5
-2 green 0.79 + 0.01 L + 0.1 156 + 5
-10A co bl.- 0.57 = 0.02 7.9 * 0.6 63 + L1
-2 " 0.27 + 0.01 k2.2 +29.3 ks + 16
-8E " 0.13 + 0.01 85.3 + 3.3 76 + 1k
-235 green 0.05 + 0.01 2.8 + 0.2 33 + .37
-117 co bl. 0.67 + 0.14 L4,560.7 +141.9 52 + 222




Table 21. concluded

Sample Color Th. - . ... .Ba Hf

-291 dichroic 3.97 * 0.06. bs7 £ 6h 2.43 + 0.16
-1 " 21.48 * 0.11 1,265 + 57T L4.09 + 0.17
-3 " 18.52 * 0.10 1,438 £ 64 0 . 4.31 +0.18
-2 green 7.48 + 0.06 . 1,262 + 57 1.89 + 0.1k
~10A co bl. © 5.16 + 0.3k 616 + 381 2.52 + 1.10
-2 " 1.10 * 0.15 2,851 + 220 '1.88 + 0.39
-8E " 0.61 * 0.16 1,275 + 11k - 1.03 + 0.59
-235 green | n.d. n.d. 51.45 + 0.9k
-117 co bl. 2.91 * 2.71 1,202 * 808 17 + h.17

10.
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Notes to Table 21

A1l data are given in parts per million unless otherwise'indicated.
Most imprecisely-determined elements are omitted from this Table. For
the remainder, the following upper limits, with a representative count-
ing error, are: Mg, 5.0 + 1.5%; V, 90 + 75 ppm; Cl, 1.0 + 0.1%; Dy,

1k + 2 ppm;.Cu, where not used as an additive, 400 + 200 ppm; Sr, 0.11
+ 0.06%; Ga, 900 * 150 ppm; In, 2 + 1 ppm; Ti, 0.16 + 0.03 ppm; Lu,

0.37 * 0.03 ppm; Au, 0.04 *+ 0.01 ppm; Nd, 42 * 3 ppm; Mo, 6.5 + 1.0 ppm;

W, 1.8 * 0.5 ppm; Ho, 2.6 * 0.2 ppm; Ag, 4.0 + 0.5 ppm; Ir, 0.08 + 0.01

ppm; Cr, Sl.i 46 ppm except for ILE-235, which gave the result 646 + 6
ppm; Hg, assuming none is lost in the reactor, O * O ppm; Eu, 4 + L4
ppm; Rb, 900 + 80 ppm; Tb, 1.0 + 0.6 ppm; Zn, 210 + 5 ppm; Ni, 80 ¢ 50
ppm except for WUN-10A, which gave the result 488 *+ 82 ppm, and for
OLD-117, which gave the result 341 + 193 ppm; As, 83 *+ 2 ppm except for
0L0-2, 2424.2 ppm, OLO-8E, 471.9 * 11.6 ppm, OLD-117, which gave the
result 0.12 * 0.05% by X-ray fluorescence; and ItE—235, which gave thev
result < 0.05% by X-ray fluorescence. WUN-10A has no detectable As.
Upper limits for the precisely—determined lanthanides are: Sm, 8.8

* 0.03 ppm; and Ce, 70 + 2 ppm, except for ILE-235, in which Ce was not
determined. Pb was determined by X-ray fluorescence analysis with the
following results: GLO-1, < 0.02%, GLO-2, < 0.02%; WUN-10A, v 0.1%;
ILE-235, 0.2 + 0.1%; OLD-117, 0.3 * 0.1%. For the others it was not

determined.
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CHAPTER 9. BEADS FROM IGBO UKWU

Ihtroduction

The site of Igbo Ukwu (Lat. 6°1' N., Iong. 7°l' E.) lies in Eastern
Nigeria (Figure 16). It was excavated by Thurstan'Shaw, and a complete
report has been published (Shaw 1970).

Over 150,000 glass beads were excavated from this site, nearly all
from the two localities Igbo Richard and Igbo Isaiah. These beads were
divided by'the excavator into seventeen glass Types, designated by letters
of the English alphabet, with numbered subdesignations according to size.
The Types and sizes are completely described by Shaw (1970), and Shaw's
Plate V may be consulted on the appearance of the beads.

It will be appreciated that with some 150,000 glass begds'falling
into only seventeen Typeé, large numbers of beads of the différent Types
were present. In our study one, or a few, of each Type were aﬂalyzed.
Results

Tables 22 and'23 présent the results of neutron activatioﬁ analysis
of beads from Igbo Ukwu.

Discussion

The beads from Igbce Ukwu can be dividéd into four mutually exclu-
sive Classes on the basis of thelr ingredients, particulariy'the sodium and
aluminum. The majority of beads falls into Class I (Table 22). Beads in
Class I are generally characterized by a relativély high sodium and loﬁ
aluminum. They show relatively low tantalum, low scandium, low cesium, and
a frequent use of manganese. .

Bead;.in Class II are generally characterized by a relaﬁively medium
sodium and high aluminum. They éﬁgw a relatively elevated scandiuﬁ and a

sparing use of manganese, or no use.



~306~

Class III consists of three beads which did not fit into Classes
I or II (or IV). These beads show a relatively high aluminum and high
sodium. Class III should probably be regarded as a class of miscellaneous
leftovers.

Beads in Class IV are generally characterized by a relatively low
sodium and high aluminum. They show a high calcium and low zinc, antimony,
and tin, metals which are not correlated with one another in any of the
Classes. |

In all the four Classes the concentration of rare earths is similar.

There is no consistent manganese/cobalt ratio in the Classes, even
if only cobait.blue examples are considered. Nor is there any consistent
ratio of cobalt to arsenic or to nickel. We cannot Jjudge the question of
a possible relationship between cobalt and zinc, since the determination
of these two elements is not independent, where cobalt is high. Several
of the cobalt blue beads contain considerable copper (Table 22), but no
cobalt/copper correlation is demonstrable.

The Classes do not follow the division of the site into the local-
ities Igbo Isaiah and Igbo Richard. Each of the four Classes contains bead

Types that are common to both Igbo Richard and Igbo Isaiah (Types L, M, N,
and P, see Shaw 1970:225). Bead Types peculiar fo Igbo Isaiah occur only
in Class I.

Further research would be required to explore the relationship
between our Classes and Shaw's Types, since we have not analyzed a large
number of any Type. In a few cases we analyzed a few members of one Type.

With the limited data thus available, agreement of Shaw's Types with our
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Classes is fairly good. In only two cases do beads of the same Type fall
into different Classes. Beads of Type N fall into Classes I and IV, and
beads of Type M fall into Classes I and III.

Links with Other Sites

There are some péréllels between glasses of Igbo Ukwu and glasses
of Ife. The glaSS of Igbo‘Ukwu Class IV resembles Ife Group.I; and- the
soda—limé samples from Ife (Ife Class II) can be arranged so as td parallel
the three soda-lime Classes of Igbo Ukwu.

Let us discuss Igbo Ukwu Class IV first. The specimen IGB-N3C
probably.matches Ife Group I, as discussed in Chapter 8. In addition, the
five other beads of Igbo Ukwu Class IV resemble Ife Group.I (see Figure 20).
These five consist of three samples from Type V and two samples from Type S.
With respect to Type V, if the additives manganese and cobalt.are removed
from consideration, leaving twg;ve elements precisely determined for Ife
Group I, bnly IGB-V1 displays elemental Qoncentrations falling within one -
standard deviation of the means for Ife Group I for at least two-thirds of
the eleﬁents. Each of the other two beads presents matching concentrations
in less than two-thirds of the cases. Visually, IGB—Vi looks 1ike IGB-V2
and IGB-V3 rather than like any member of Ife Group I, and we,think‘it suit-
able that the same dispensation be made for IGB-V1 that is made for IGB-V2
and IGB-V3. These three samples give conflicting evidence as to whether
Type V méy be considered to‘maﬁch Ife Group I, and, for the present, Type V _
is considered not to match.

| With respect to Type S, if the thre? additives manganese, cobalt,
and iron are remqved'from consideration, lééving eleven elements precisely

determined for Ife Group I, then IGB-S3 matches while IGB-S2 does not. The
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evidence again conflicts as to whether a Type matches Ife Group I, and
for the present Type S is considered not to match.

'Analogous reasoning was not used for Type N on the basis of several
considerations. The.difference between IGBeN3C andeother Type N beads is
quite marked,‘wherees the differeneeé ameng Types S and V are not, and
thus it seems reasonable to'split Tyée N whereas it aoes not seem reasonable
to split T&pes S and V. Furthermore IGB-N3C shows the same additives and
ratiovof‘additives as does Ife Group I, making the resemblance easier to
recognize.

.Turning to the soda-lime glasses, we‘noted above that the soda-lime
glasses of igbo Ukwu fall into three Classes (which perhaps should be regar-
ded as two’valid Classes plus a Class of miscellany). On the basis of their
aluminum and sodium content the soda-lime glasses of Ife can be arranged
so as to.parallel_the Classes of Igbo Ukwu (see Figure 20). épecimens from
Ita Yemoo which parallel Class I, low aluminum and high sodium, are ITA-22B,
ITA—QlB, and ITA-21A. Those which parallel Class IT (high aluminum and med—_i
ium sodium) are ITA;911+, ITA-1421, ITA-885, ITA-1077, ITA-20, ITA-19A,
ITA-19B, and perhéps ITA-19C (since ITA-19A, ITA;l9B, and ITA-19C are all
from the same bead). Those which parallel Class III are ORU-5TA, ORU-206B,
ORU-206A,‘ORU—179C, and ORU-1T79B.

" According to our usual criterion of matching (agreement within one
standard deviation for two-thirds or more of the precisely-determined ele-
ments,.omitting glassmakers' additives where appropriate), many soderlime'
samples of Ifa Yemoo»can'be considered to match the Classes of Igbo Ukwu.
ITA-22B matches Igbo Ukwu Class .I, while ITA-91k4, I’I‘A—-lhzl_, ITA-885, ITA-
1077, ITA-20, and ITA-~19A match Igbo Ukwu Class II. Igbo Ukwu Class III is

too scant to bear discussion in this context.
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Some of the beads of Igbo Ukwu might‘be described as '"casual", in
the seﬁse’that we have.used this term for beads of Ife; These are the
Types G; H, and J,vall appearing to have been individually and laboriously
decorated.with spirals, dots, or other features, which'are often not mar-
vered in. The question naturally arises whéther these beads may have any
relationship to the glass-working industry of Ife. Present evidence does
not support any such link. A1l analyzed samples of G, H, ahd J fell info
Igbo Ukwu Class I,‘and no crucible lining or piece éf cullet from Ife
matched or paralieled Igbo Ukwu Class I. The three samples from Ife which
paralleled this Class were all beads.

On thé other hand, one bead, three crucible linings, a casual bead,
and an apparent Eufopean import bead of approximately the seventeenth cen-
tury (ITA-20), all from Ife, matched Igbo Ukwu Class II (see Figure 20).
There 1s thus more evidence of some commonality betweenbglass of Ife and
Igbo Ukwu Class II than there is between glass of Ife and Igbo Ukwu Class
I with iﬁ's casual Types G, H, and J.

A WOrdvof caution must be inserted at this point. We do not main-
tain that there is a very meaningful link between soda-lime samples of Ife
and of Igbo Ukwu. We suspect that the Classes of Igbo Ukwu are taxonomically
general. Tests of matching of individual samples against general classi-
ficatory (taxonomic) groupings are not always meaningful, since, in principle,
if a claséification is general enough then anything'will match it. .Matching
becomes more significant in measure as the classification against which

individual seamples are compared becomes more specific and distinctive.

e e e = 2 e o



-311-

Origin ana Datipg

iGBeN3C probably matches Ife Group I, and therefore most likely
shares a common origin, perhéps in medieval Europe (see Chapter 8). The
fact that a:number of soda-~lime éamples from Ife match soda-lime Classes
from Igbo Ukwu indicates that these samples share, respectively, common
origins. As mentioned in Chapter 8, we are not able to name a specific
origiﬁ of these soda-lime glasses from their ingrédients. A reasonable
general'origin for them would be either the Near East of Europe after the
fourth to fifth genturiés A.D.

The radiocarbon date from Igbo Richard.indicates that the beads were
buried sometime after approximately the ninth century A.D. Wood froﬁ'a

stool in Igbo Richard gave the date 850 + 120 A.D. (I-2008, Shaw 1968).

‘Similar dates came from Igbo Jonah (a locality of Igbo Ukwu having no

significant glass bead content): 875 ¢ 130 A.D. (HV-151Lk), 840 + 110 A.D.
(HV-1515), and 840 * 145 A.D. (I-178&) (Shaw 1968, 1970).

On the other hand, two apbroximately fifteenth—century dates are
associgted with Igbo‘Ukwu. One radiocarbon date fr§m Igbo Jonah gave the
result 1450 tYYO‘(HV41516, Shaw 1968), and a date from charcoal associated
with artifacts'spylistically'similar to those of Igbo Ukwu gave the result
1495 + 95‘A.D. (GX-0942, Shaw 1968).

| If the ninth~century date is close to the true age of the beads then
ﬁhe soda;limé glasses may be considered 1ikely to havé been made in the Neér
East, or in Islamic lands. If the site is as late as the fifteenth century,
then either a Near Eastern or European‘provenience may be about equally
likely because by that time soda-lime éiasses were being made in Europe

as well as in the Near East.
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Further research is required in order to tie the beads of Igbo ;

Ukwu to specific regions of manufacture. In particular, there is a need : j

for research into factory sites, an issue which we touch upon in our last

chapter.

!
:
:
i
i

&y
-
h J?"
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"Table 22a. Igbo Ukwu Class I:

Neutron Activation Analysisa

LF

b

Sample Color - Mn Na (%)
IGB-L2A  yellow 8,522 * 138 11.13 + 0.1k
16B-114 - " 8,261 * 213 12.43 + 0.20
I1GB-L3C " 8,080 + 81 10.23 t 0.11
IGB-LUB - " 7,900 * 110 11.02 * 0.12
IGB-L2B " 5,589 * . 83 10.68 + 0.12
IGB-L3B " 9,399 * 12k 10.05 * 0.11
IGB-L1B " 11,423 * 238 12.03 * 0.19
IGB-L3A a 6,527 * 97 11.97 + 0.13
. IGB-L2C " 7,616 * 105 10.56 + 0.11
- IGB-J2A " 6,835 * 100 10.49 + 0.1k
IGB-J2B " 7,823 * 116 10.36 + 0.15
IGB-J2C " 4,523 = 69 11.38 + 0.15
IGB-K1B green 5,139 * 116 10.62 * 0.19
IGB-K1A " 4,087 + 93 10.9% £ 0.20
IGB-K2A " 3,354 £ 4o 10.95 * 0.11
IGB-K2B " 3,344 + Lo 10.97 + 0.11
IGB-P2 " 3,336 £ 53 11.54 * 0.15
IGB-J3 blue~green 288 + 26 11.4k + 0.12
IGB-MbA " 303+ 10 10.59 + 0.1Lk .
IGB-M3A " 314 = 18 10.41 + 0.09
IGB-MLB " 258 £ 10 8.96 + 0.12
IGB-M3B cobalt blue 2,664 + Lk 9.77 £ 0.09
IGB-M2B " 8,510 * 183 . - 11.83 * 0.20
IGB-M2A " 8,234 + 177 11.89 + 0.20
IGB-ML blue 8,779 * 106 11.49 £ 0.1h4
IGB-H2 cobalt blue 8,540 + 162 11.65 * 0.21
IGB-H1B " 9,609 * 185 11.22 + 0.22
IGB-H1A " 6,210 ¥ 119 10.81 * 0.19
IGB-H1C " 7,541 + 143 10.30 * 0.18
IGB-G " 11,hk0 = 215 11.45 + 0.20
IGB-N2A " 11,330 * 230 11.41 * 0.18
IGB-N1A " - 8,831 t 214 11.63 = 0.18
IGB-N3B " 8,380 * 199 10.97 + 0.24
IGB-N1B " 6,541 * 119 11.28 + 0.1k
IGB-N2B " 10,602 £ 129 10.43 + 0.1k
IGB-N3D " 10,522 * 245 11.00 * 0.23
IGB-N3E " 10,409 * 254 10.59 * 0.25
Mean and RMSD® 6,785 +3,282 10.99 £ 0.70
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Table 22a. continued

Sample Color

Cu U Ba
~-L2A yellow b 0.64 + 0.05 252 % 19
~L1A " b 3.48 % 0.05 173 18
-1.3C " b 1.26 * 0.11 278 £ 37
~LL4B " b 0.78% 0.08 241 £ 36
-12B " b 0.88 * 0.07 203 * 35
~-L3B " b 0.94 * 0.08 226 = 39
-11B " b 2.17% 0.05 203t 20
-L3A " o] 0.90% 0.07 245 + 30
-L2¢ " b 1.ks5% 0.07 167 £ 33
~J2A " . b 0.63* 0.06 195+ 29
~J2B "o b 0.6k* 0.09 209 £ L2
-Jac " b 1.02* 0.07 36L t 31
-K1B  green 12,998 + 255 0.61%* 0.04 194+ 20
~K1A " 4,925 + 276 0.60* 0.0L 152+ 22
-K2A " 5,096 .+ 159 0.60* 0.0 155 19
-K2B oon 3,814 = 154 0.56% 0.04 138+ 20
-p2 n 8,35k + 185 0.7h £ 0.07 223+ 3k
-J3 blue-green 7,362 £ 145 0.67* 0.06 89 + 23
-MLA " 18,821 + 193 0.64+ 0.05 122+ 20
-M3A " 10,673 + 121 0.75% 0.0k4 110+ 21
~-MLB " 8,151 £ 150 0.80% 0.0L4 125+ 18
~-M3B cobalt blue 6,943 * 100 0.79%* 0.0k 138+ 18
-M2B " b 0.51* 0.0k 205+ 22
-M2A . " b 0.64* 0.04 241 + 23
-ML blue b 0.78+ 0.04 231 + 23
-H2 cobalt blue b 0.67T* 0.06 285 31
-H1B " ' b 0.83* 0.08 2h6* 4o
-H1A " b 0.61* 0.06 228t 29
-H1C " b 0.69% 0.05 2h2* 26
-G " b 0.84% 0.06 327+ 30
~N2A " b 0.75% 0.04 270 21
-N1A " b S 0.Th* 0.0k 221+ 17
-N3B " ' b 0.73% 0.09 239t 43
-N1B " 2,026 = 122 0.63% 0.05 21k = 19
-N2B " 1,360 £ 249 1.34%* 0.07 248+ 37
-N3D "o : b 0.79% 0.07 35kt 36
~-N3E ' b 1.16* 0.10 363 50
Mean and RMSD 7,799 * 4,807° 0.90 * 0.5k 219 * 67
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Table 22a. continued

Sample Color

La Co

-L2A yellow 6.44 +0.92 5.79 +0.16
-L1A oo 7.36 *0.90 5.28 +0.19
~L3C " 7.35 *1.78 14.05 *0.46
~L4B " 11.37 +1.56 7.60 *o0.22
~-L2B " 8.33 *1.h47 8.12 *+0.28
~L3B " 6.7 t1.54 7.84 +0.31
~-L1B " 9.41 *0.91 2.53 t0.11
~L3A " 8.73 *1.25 6.04 *0.21
-L2C " h.96 *1.ko 4.30 +0.17
-J2A " 6.34 *1.34 5.60 *0.23
~-J2B " 6.64 *2.01 5.06 *0.33
-Jac " 8.73 1.4t 8.53 *0.21
-K1B green 6.12 *0.89 21.71 +0.32
~-K1A " 7.35 *1.00 31.31 % 0.45
-K2A " b.95 *1.02 27.55 *0.k42
-K2B " . 6.99 t1.03 26.38 +0.L4b
~-P2 " _ 19.18 *1.k2 " 5.90 *0.24
-J3 blue-green 8.63 t1.35 3.56 +0.18
~MhaA R 5.91 *0.95 36.93 '+ 0.49
-=M3A " 7.19 *0.88 19.1L +0.31
. -MLB " 2 “8.12 *0.95 364.20 * 3.27
-M3B cobalt blue . - 7.04 £ 0.76 - 198.06 *1.79
=M2B - " .-5.38 *0.79" 239.28 *2.08
-M2a M. 5.66 *0.82- 258.43 * 2.25
-ML . blue 6.76 £0.98 284.25 * 3,40
-H2 cobalt blue 6.99 *1.47 490.89 * 5.03
-H1B S C6.78 *1.97 6Lh1.84 +6.69
-H1A e 5.06 * 1.4k 1,097.90 *0.66
-H1C " T7.71 +1.25 582.19 * 5.76
-G " 7T.13 ¥1.la 770.57 *7.59
-N2A " 9.62 *0.97 615.06 *5.19
-N1A " 7.39 *0.85 377.14 £ 3.26
-N3B M 5.45 +1.98 ©.928.86 #10.62
-N1B " 8.43 *1.0k4 858.53 +7.38
~-N2B " 8.58 *1.63 1,388.90 *6.38
-N3D " 6.26 *1.62 490.26 +5.71
-N3E " 10.12 £ 2.20 829.88 *9.72
Mean and RMSD 7.33 +1.51 612.7 *332.0°
12.6 + 10.5T




Table 22a. continued

-316-

Sample  Color Sc Fe (%) Yb

-L2A yellow 1.41 *0.02 0.29 +0.01 0.65 +0.07
~-L1A " 1. 1 0.02 0.49 +0.02 0.48 +0.07
-13C " 1. *0.04 0.39 #* 0.03 0.86 *0.19
-LLB " 1. t0.02 0.36 *0.02 0.80 +0.10
-1L2B o 1. £0.03 0.33 +0.02 0.77 *0.12
~L3B " 1.97 *+0.03 0.43 +0.03 0.84 *0.14
-L1B o 1. + 0.02 0.61 *0.02 0.99 *0.07
~13A " 2. +0.03 0.60 *0.02 0.92 *0.12
-1.2C " 1. +0.02 0.37 +0.02 0.62 +0.09
~J2A " 3 1. + 0.03 0.38 +0.02 0.71 +0.1kL
~J2B " 1. +0.03 0.36 +0.03 - 0.73 *0.21
~Joc " 2. +0.03 0.75 *0.02 0.82 +0.10
-¥1B green 1. +0.02 0.31 *0.01 0.62 *0.06
“K1A " 1. +0.02. 0.35 *+0.02 0.59 +0.07
-K2A " 1. +0.02 0.45 +0.02 0.79 +0.09
-K2B " 1. +0.02 0.38 *0.02 0.55 *0.10
P2 " 2. + 0.03 0.70 + 0.03 0.7Th *0.10
-J3 blue_green 1. +0.03 0-76 +0.03 0.89 +0.10
-MLA "o 1. + 0.02 0.37 +0.02 0.74 +0.08
-M3A " 1. +0.02 0.40 *0.02 0.61 *0.07
~MLB "o 1. +0.05 0.55 +0.03 0.85 +0.14
-~-M3B cobalt blue 1. +0.02 0.57 +0.01 0.31 #*0.05
~M2B " 1. + 0.03 0.4b2 +0.02 0.50 *0.06
~M2A " 0. +0.03 " 0.20 +0.02 0.62 *0.07
-M1 blue 1. +0.04 0.49 +0.02 0.55 +0.94
-H2 cobalt blue 1. +0.08 0.68 0.06 0.89 +*o0.27
-H1B " 2. +0.12 0.79 *0.08 0.78 +0.37
~H1A " 1. +0.12 0.93 +0.08 0.88 +0.32
~-H1C " 2. +0.08 0.86 *+0.05 0.76 *0.23
-G "o 2. +0.10 0.90 *0.07 0.63 *0.29
-N2A " 1. +0.06 0.77 +0.04 0.69 *+0.13
~N1A " 1. +:0.05 0.64 +0.03 0.77 +0.11
-N3B " - 1. +0.16 . 0.88 +0.11 1.06 +0.49
-N1B " 1. +0.08 0.66 *0.0k4 0.52 *0.16
-N2B n 2. +0.13 1.23 +0.09 0.62 +0.30
-N3D " 1. +0.10 0.75 £0.07 0.97 *0.28
-N3E " 2. +0.17 1.13 #0.11 1.03 +0.k49
Mean and RMSD 1. +0.h42 0.58 *0 0.73 +0.17

.25
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Table 22a. continued

Sample Color Ta Sb Sn
-L2A yellow 1.0k + 0.01 4.8 + 0.3 9,941 + 20
~L1A " 0.20 * 0.00 21.9 + 1.0 - 4,936 + 12
-L3C " 0.50 = 0.01 12.2 + 0.9 19,777 + 52
~-L4B " 0.23 * 0.01 7.2 £ 0.4 11,461 + 2L
-L2B " - 0.35 % 0.01 8.8 +0.5 11,357 + 26
-L3B " 0.25 * 0.01 9.3 * 0.6 15,601 + 35
-L1B " 0.28 £ 0.01 3.5 + 0.2 7,721 + 16
-L3A " 0.57 * 0.01 1.8 + 0.2 - 1k,755 + 30
-L2C " 0.19 = 0.01 10.8 * 0.5 17,782 + 33
-J2A " 0.20 * 0.01 10.9 + 0.7 14,067 + Lo
-J2B " 0.19 * 0.01 25.2 * 1.5 18,638 + 57
~J2C " 0.39 * 0.01 1.6 + 0.2 6,861 + 23
-K1B green 0.17 * 0.00 k.5 + 0.3 1,833 + 9
-K1A " 0.16 * 0.00 11.8 + 0.8 2,647 +11
-K2A " 0.16 * 0.00 9.5 * 0.6 3,422 + 15
-K2B " 0.17 = 0.01 10.2 * 0.7 2,882 + 16
-P2 " 0.33 + 0.01 14.9 + 0.6 4,370 +16
-J3 blue-green 0.22 = 0.01 12.5 + 0.8 113 +12
-MLA " 0.17 * 0.01 22.9 +1.1 6,231 +15
-M3A " 0.17 * 0.00 18.8 * 0.9 5,780 +13
-MLB oo 0.25 * 0.01 17.4 £ 1.5 6,307 + 2k
~-M3B cobalt blue 0.22 * 0.00 9.5 £ 0.4 3,115 + 7
-M2B " 0.16 * 0.00 1.1 0.1 92 + 5
-M2A " 0.19 ¥ 0.00 15.6 *+ 0.8 134 + 5
-M1 blue 0.20 = 0.01 0.9 + 0.1 116 + 9
-H? cobalt blue 0.18 % 0.01 2.5 £ 0.4 1,193 + 33
-H1B " 0.25 + 0.02 -0.8 = 0.1 2Ls + Lo
-H1A " 1 0.23 £ 0.02 -1.7 # 0.1 829 + Lo
-H1C " - 0.19 % 0.01 -0.7 % 0.1 1,366 + 27
-G " 0.2k + 0.01 1.1 + 0.k 370 + 36
-N2A ) 0.21 £ 0.01 .5 +1.9 689 + 30
~N1A ) 0.26 * 0.01 0.7 1.2 102 +20
-N3B " 0.2k 0.02 2.3 £ 0.8 848 + k9
-N1B " 0.21 + 0.01 L.h 2.9 1,109 +43
-N2B " 0.27 * 0.02 2.2 £ 0.3 177 +33
-N3D " 0.25 % 0.01 0.6 * 0.4 152 +30
-N3E " 0.31% 0.02 2.9 £ 0.9 28L + 52
Mean and RMSD 0.26 + 0.16 7.6 £ 7.3 7,493 +6,070°

025 + 1770
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concluded
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Table 22b. Igbo Ukwu Class II:

Neutron Activation Analysisa’h

Color ' | A1 (%)

green 1.57

Sample Mn
IGB-T3A greenish-yellow 5.86 + 0.22 254 + 15
IGB-T3B " " 5.62 £ 0.29 643 £ 20
IGB-T3C Lo " €.31 + 0.36 304 £ 21
. IGB-R - cobalt blue 4.00 = 0.69 4,398 + 37
IGB-X - Indian red 6.23 + 0.19 562 + 11
IGB-U3 " " 5.44 + 0.1k Lo8 + 18
IGB-Ul o " , 4.45 + 0.10 . 415 + 15
IGB-U2 o " C 4.62 + 0.19 L1k + 12
IGB-P1 green - 3.93 + 0.18 376 + 8
1GB-Q blue-green ‘ , 2.11 * 0.05 233 + 7T
IGB-M5C " " o L.ho + 0.78 270 + 20
Mean and RMSD®  h.82 % 1.2k 388 + 1337
Table 22c. Igbo Ukwu Class III:
Néutron Activation 'Analysisa’l
Sample Color ' A (%) Mn
TIGB-M5A blue-green 3.18 -+ 0.57 - 626 + 27
IGB~M5B " " ' 2.13 + 1.00 353 + 35
IGB-Z2 + 0.91 1,045 £ 21




Table 22b. continued
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Sample = Color Na ( Cu U
~-T3A gr-yel. 6.07 * 0.06 3,390 + 109 1.40 *+ 0.07
-T3B " 5.36 + 0.06 3,462 + 123 1.45 + 0.07
-T3C " 5.41 % 0.06 2,772 + 117 1.32 + 0.07
-R co bl. 7.54 + 0.06 7,451 + 148 1.94% + 0.07
-X IR 4.99 + 0.06 3,012 + 73 1.42 = 0.03
-U3 " 7:65 * 0.08 11,588 + 153 1.k4 + 0.06
-U1 " © 8.54 % 0.09 12,564 + 153 0.98 * 0.05
-U2 " 8.58 + 0.10 12,494 + 180 0.97 * 0.05
-P1 green 8.96 + 0.07 8,807 + 92 0.80 + 0.03
-Q bl-gr 6. 74 * 0.09 7,140 + 120 0.72 = 0.03
~-M5C " 7.93 + 0.08 7,943 + 1ks 0.70 * 0.07
Mean and RMSD 7.07 * 1.43 7,329 * 3,803 1.20 * 0.39
Table 22c. continued

Sample  Color Ne (%) Cu v
-MSA bl-gr. 10.43 £ 0.11 10,886 + 210 0.96 + 0.11
-MSB " 12.25 * 0.13 15,499 + 273 1.1k + 0.13
-7Z2 green 10.68 + 0.07 11,020 * 133 0.91 + 0.06




Table 22b. continued
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Sample

10.39

Color " Ba, La Co
-T3A ~  gr-yel. 72 + 32 9.41 % 1.59 12.75 + 0.47
~T3B "o 99 * 33 10.67 + 1.59 16.22 * 0.55
-T3C " T7 £ 33 5.79 £ 1.59 11.04 £ 0.46
-R co bl. 202 + 23 9.94 + 1.49 504.81 + L.73
-X IR 93 + 11 6.41 + 0.60 39.90 * 0.4s5
-U3 " 155 + 22 8.93 + 1.37 9.32 + 0.28
-Ul - " 212 £+ 21 10.34 + 1.25 9.45 + 0.27
-U2 " 227 + 23 S 13.46 %+ 1.26 - 9.68 * 0.26
-P1 green 214 + 12 . 20.76 *+ 0.83 7.34 * 0.16
-Q bl-gr 207 *+ 12 9.58 + 0.63 4.30 £ 0.10
-M5C "o 153 * 39 10.37 + 1.71 ©5.43 + 0.26
Mean and RMSD 155 + 61 10.52 + 3.97 12.54 + 10.21
Table 22c. conﬁinued
Sample Color Ba La - Co
~M5A bl-gr. . 261 * 57 9.96 + 2.52 38.92 + 0.78
-M5B " 233 + 69 10.44 + 3.03 11.18 + 0.56
~72 green 166 = 22 + 1.4Y4 32.74 * 0.51
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Table 22b.

continued
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continued

Table 22b.
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Table 22b.
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Notes to Table 22

a. All data are given in parts per million unless otherﬁise indicated.

(7

Trimmings ére not inciluded in the samples analyzed.
Imprecisely—determined elements (see Chapter 3)_are omitted from this
Table.. Those which could be averaged for the Class gave the following
means and root mean square deviations: Al, 0.7 * 1.1%; Ca, L4.99 + 2.26%;
V, 45 £ 53 ppm; C1, 0.7 * 0.3%; K, 2.8 * 1.6%; Sr, 0.2 * 0.2%; Ga,

526 + 352 ppm} As, 59 * T8 ppm; Lu, 0.09 * 0.07 ppm; Nd, 5.4 + 2.3 ppm;
Mo, 3.9 + 2.8 ppm; Ho, 0.6 * 0.5 ppm; Ag, 4.7 + 13.6 ppm; Eu, 0.25
1‘0.09 ppm; Ni, ﬁl + 40 ppm; Tb, 0.15 * 0.05 ppm; Cs, 0.8 + O.8.§pm.

As -is not elevated in cobalt blue samples. Elements.for which uppef
limits of concentration for the Class could be determined are as followw,
given with an estimated fepresentative counting error: Mg, 6 * 5%; Dy,
36 + 8 ppm; Cu, vwhere not used as an additive, 0.09 * 0.05%; In, 28

+ 26 ppm; Ti, 0.35 * 0.05 ppm; Au, 0.27 * 0.02 ppm; W, 9 * 3 ppm; Ir,
0.047 * 0.010 ppm; Cr, 106 + 9 ppm; Rb, 120 * 100 ppm; Hg, assuming

none is lbstvin the reactor, 1 * l'ppm;vZn, 0.14% in high~-cobalt samples,
otherwise 200 ppm. Precisely-determined lanthanides omitted from the
Table averaged as follows: Sm, 1.13 * 1.17 ppm; Ce, 12.7 * 2.8 ppm.

Rooﬁ Mean Square Deviation (see Chapter 3).

In green éndbblue—green samples.

Where this additive is apbarently used (in the case of Sn, > 800 ppm).
Where this additive is apparently not used (in the case of Sn, < 7QO ppm).
Omitting IGB-N3B.

Imprecisely~determined elements (see Chapter 3) are omitted from this
Table. Those whiéh could be averaged gave the following means and root

~..
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‘mean sqﬁafe'deviaﬁiOns for the Class: Ca, 3.2 = 1.7%; V, 36 + 25 ppm;
cl, 0.5 + 0.3%; X, 3.2 + 0.8%; Sr, o.os'i.o.o6%;.ca; 71 + 125 ppm; As,
109 * 70 ppm; Lu, 0.09 * 0.05 ppm; Nd, 8.3 + 3.9 ppm; Mo, 3.2 * 2.3 ppm;
Ho, 0.8 + 0.5 ﬁpm; Ag, 4.5 + 4.0 ppm; Eu, 0.38 *+ 0.11 ppﬁ; Ni, 48 + 52
ppm; Tb,'0.2l * 0.06 ppm. As is not elevated iﬁ’cobalt blue samples.
Elements for which an upper limit could be detefmined are, with an
estimated representative counting error: Mg, L.6 + 2.5%; Dy, 6.6 + 1.1
ppm; In, 10 ¥'9 ppm; Ti, 0.36 * 0.04 ppm; Au, 0.1L *+ 0.02 ppm; W, 11
ppm; Ir, 0.007 * 0.007 ppm; Cr, 104 *+ 3 ppm; Hg, assuming none is lost
in the reaétor, 0.5 * 0.4 ppm; Rb, 434 *+ 30 ppm; Zn, 452 + 20 ppm.
Precisely-determined lénthanides omitted from the Table averaged: Sm,
1.62 * O.hs_ppm; Ce, 20.27 * T7.46 ppm.

Imprecisely—determined elements are omitted from fhis Table. Upper
limits of each, given with an estimated representative counting error
are: Mg, 0 + 3%; Ca, 9 * 4%, V, 150 + 90 ppm; Ci, 1;3 + 0.3%; Dy, 9

+ 2 ppm; K, 3 * 1%; Sr, 0.2 + 0.1%; Ga, 340 * 230 ppm; In, 16 *+ 12 ppm;
As, 200 £ éo'ppm; Sm, 1.88 + 0.03 ppm; Ti, 0.1 * 0.1 ppm; Im, 0.17

+ 0.08 ppm; Au, 0.24 * 0.0k ppm; Nd, 25 * 7 ppm; Mo, 6 + 3 ppm;vw,

2+ 2 ppm;.Ho, 3+ 1 ppm; Ag, 12 + 2 ppm; Ce, 26 + 2 bpm; Cs, 9.2 * 0.3
ppm; Ir, 0.004 + 0.009 ppm; Cr, 51 + 3 ppm; Hg, assuﬁing none is lost
in the reactor, OAt 1 ppm;_Eu, 0.6 t 0.2 ppm; Ni, 50 * 30 ppm; Rb,

80 + 15 ppm; Tb, 0.3 * 0.1 ppm; Zn, 460 * 20 ppm.




Table 23. Igbo Ukwu Class IV:

Neutron-Activation Anélysisa’b
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ca (%)

. O

‘Sample | Color a1 (%)

IGB-V1 colorless 6.64 + 0.32 13.9L4 * 1.58
IGB-V2 " T.84 £ 0.40 15.29 * 1.80
IGB-V3 " 7.29 *+ 0.46 15.43 + 1.76
IGB-S2 green T.37 + 0.36 14.87 + 1.k49
1GB-S3 " _ 7.07 + 0.43 11.83 +1.52
IGB-N3C cobalt blue 6.56 + 0.22 S 1043 £ 1.1
Mean and RMSD® | 7.13 + 0.L8 '~ 13.63 £ 2.06
Sample  Color Mn Na (%) U

-v1 none . - 638 £ 1k 2.81 £ 0.05 0.97 * 0.06
-v2 " b7 o+ 1k - 3.49 '+ 0.05 © 0.76 * 0.05
-V3 . " 578 £ 17 3.71 £ 0.05 0.72 * 0.05
-52 green Lhoo + 23 2.53 * 0.0k 2.49 + 0.07
-33 " 481 + 23 2.67 * 0.0k4 2.53 + 0.07
-N3C .co bl.. 7,928 +141 2.28 + 0.07 1.58 +.0.05.
Mean and RMSD 5o7 + 794 + 0.56 1.51 + 0.84
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Table 23. continued
Sample Color Ba La ~Co
-1 none- 108 + 22 b.47 + 1,10 3.64 + 0.17
-V2 " 176 + 22 4.29 + 1.03 3.94 + 0.2k
-V3 " 185 + 20 3.52 + 1.04 19.49 * 0.54
-32 green 150 + 21 9.37 + 1.11 6.31 + 0.30
-S3 " 166 + 20 7.73 = 1.08 6.21 + 0.22
-N3C co bl. 617 *+ 29 18.64 + 0.99 . 1,104.80 + 9.4T
Mean and RMSD 234 t 190 8.00 * 5.68 7.92 + 6.59%
Sample Color Sc ‘Fe (%) Yb
-1 ncnéf_‘ 0.93 * 0.03 0.30 # 0.02 0.95 * 0.12
-V2 e 0.81 *+ 0.03 0.27 + 0.03 0.79 + 0.1k
-V3 " 0.91 + 0.03 0.24 + 0.03 - 0.7k * 0.1k
-S2 green 2.06 + 0.05 c2.48+ 0.07 - 1.28 * 0.19
-33 o 2.07 * 0.03 2.60 + 0.06 1.25 £ 0.14
-N3C . ¢o bl. 2.99 + 0.10 0.66 * 0.06 0.94 + 0.21
Mean and RMSD 1.63 + 0.88 0.37 + 0.20% 0.99 * 0.23
| 2,54 + 0.85%
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Notes to Table 23
All data are given in parts per million unless otherwise indicated.
Imprecisely-determined elements are omitted from this Table. Those
which couid‘be.averaged fqr the Class gave the following means and
ro§t mean square deviations: 7V, 86 * 80 ppm; C1, 0.16 + 0.10%; K,
3.2+ 0.9 %'; Sr, 0.10 * 0.08%; Ga,vl66 + 293 ppm; Lu, 0.09 * 0.06 ppm;
Na, 6.7 % 5.3 ppm; Mo, 3.9 * 2.4 ppm; Ho, 0.7 + 0.4 ppm; Bu, 0.27
+ 0.13 ppm;.Ni, 33 ¢ 51 ppm; Tb, 0.17 t 0.06 ppm;'iThe following upper
limits were obtained (with an estimated representaiive'counting error):
Mg, 2 *+ 3%; Dy, 12 + 1 ppm; Cu, 233 * 110 ppm; In, i8 * 23 ppm; As,
5+ 3 ppm; Ti, 0.12 * 0.05 ppm; Au, 0.05 * 0.02 ppm; W, L * 1 ppm; Ag,
2+ 1 ppm; Sb, 1.2 * 0.3 ppm; Sn, 110 * 150 ppm; Ir, 0.01 £ Q.Ol ppm;
Cr, 27 * 3 ppm; Hg, assuming none is lost in the feactor, 0.5 * 0.5 ppm;
Rb, 330 * 60 ppm; Zn, 75 % 60 ppm. Precisely-determined lanthanides

omitted from this Table averaged: Sm, 1.22 + 0.78 ppm; Ce, 16.83

+ 15.97 ppm.

. Root Mean Square Deviation (see Chapter 3).

Where this additive is apparently not used.

Where this additive is apparently used.
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PART IV. CONCLUSIONS
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CHAPTER 10. CONCLUSIONS .
summary

This répprt has presented the results of neutron activation analy-
sis of nearly four hundred gléss samples,, méstly beads, from archaeoclogical
sites in sub-Saharan Africa. On the basis of thesé analyses, a number of
discrete groups éf glass have been distinguished, groups which cross—cut
sites. Thesé fesults érevsummarized iﬁ Figure 1 (Chapter 1).

We have a;sumed that these groups réflect cqmm§n§lities in the
origin of thé'samples. Thé origin of a group was tautologically defined in
Chapter 1 as "tﬁat entity, of whatever durstion and distribution in space-
time, which is responsible for the manufacture of a chemical (bead) group."
‘We feel that the more specific and limited thé chemical group, then the more
restricted in“spagéftime its origin must be.

At the present time it is not possible to néﬁe a very'specific origin
of any of our bead groups, ana the genéral origins ﬁhich we have suggested
are summarized in Table 2k. :Thé best-traced group is Ife Group I, for which
we have suggested a medieval Eﬁropean origin oh two gfounds: 1) that Group
I, being a potassium glass, resembles glésses of médieval Europe and 2) that
blue/yellow dichroic glasses are known from European contexts.

Although the potassium glasses point towards medieval Europe, the
soda-lime glasses from southern, eastern, and west African sites point to
no specifib origins.(see Tablef25). They would fit into European or Near

Eastern traditions of'manﬁfacturéQM,-although probably not medieval European.

2k

dea—lime:glassesxare well-known inside the Soviet Union as well (e.g.,
Besborodov and Zadneprovsky 1967). Indian and Chinese traditions of glass-
making are dimly perceived in many respects. Our small knowledgexis summary-—

ized by Dikshit (1969) and Ayers (1965), respectively.
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The same vagﬁe assessment has been made of glass beads found in Southeast
Asian sitesg vsoda—lime glasses which could fit into Occidental or Near
Eastern tradiﬁiéns of manufacture (Lamb 1965a, 1965b). Clearly further
research is neéded, especially a direct approach in the actual areas of
possible manufacﬁure, as distinct from the rather indirect approach taken

here.

Remarks and Prospectus

The Classificatory Approach. It follows from our hierarchical

classificatory approach and from ourvtautoiogical definition of origin that
the origin éf a very éeneral glass group may be so general that it includes
factories Which.are discontinuously distributed in spage—tiﬁe. In fact
factories may be combined into one origin in a manner which might appear
absurd if the identity,of the‘factories were independently known. This
situation.is mefely a consequence of insufficient resolution between the
products of twé or more factories. Presumgbly, as chemical groups become
progressiyely resolved through the accumulation of infbrmaﬁion, so will
their origins become'progreséively resolved.

Our classificatbry approach is suited to encompass an anticipated
growth in resolution: as soon as sufficient informafion is availablé, any
group may be subdivided, with a corresponding subdifision in its origin.

When it becomes possible to specify origins on the basis of empirical data
from factory sites, then our tautological definition of'origin will have

been outgrown and should be shed. In the meantime the classificatory approach
allows for an expression of the relative status of chemical groups even

though one is ignorant of their "absolute" status, that is, whether the
groups represent single batches, single factories, combinations of factories,

[

continents, and so forth.
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A classification must be regarded as a heuristic simplifying device.
Were all tﬁe glasses that ever existed fully analyzéd and documented, théy
may not fit neatly into a single large classification or "tree" of glass-
making. As in many other fields of endeavor, systeﬁs_bf order are conven-
iences for the research who bears in mind the "cdmpleméntarity between
truth and clarity."

SamEiing{ Glasses have been analyzed for major and trace elements
for years, but it has not been customary to follow the sampling procedures
taken here, that is, to take multiple saﬁples of objects that look suffi-
ciently.aliké to be considered ﬁass-ﬁrqduqed. l

This type of sampling makes pOsgible/aﬁ estimate of the degree of
variability expectable in glaés artifacts that visually ﬁppear to be "the
same". We have found tha£ the homogeneity in a group of like glass arti-
facts, although not greét wﬁen cdmpared.to poftery or obsidian, is suffi-~"
cient to alléw the formation of mutuélly exclusive glass groups.

It was stéted previously thaf the prbcedure of randdm sampling of
Africaﬁ beads was not carried out here. In the study of the Mapungubwe
oblates, of the M1 beads, of trade wind beads, and of dichroic and corded
beads, samples were taken of artifacts that.looked'alike, In two other cases
it was the scope of matérial'which was.sampied. These were the beads of

Igbo Ukwu and all the samples of Ife which were not dichroic or corded.

Except fof tho;é samples whibh fell into Group I at Ife, little interpre-
tation can be drawn from these samples; exceﬁt perhaﬁs that they might be
interpreted as a control for our abilities to recognizé chemical groups on
" visual cues. ‘This situation does not contradict our basic hypothesis that

chemical groups can be distinguishéd without regard to visual attributes,
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but it does indicate that chemicai groups can be distinguished with an
economy of effoft‘if visual cues are considered. of course, if our aim is
a chemical éhafaéterization of all beads in geheral; then restricting our
attention to a few visuallyvrecognizable styles of artifact introduces bias.
However, if our aim is to study a particular artifact style or chemical
group for thé light which it may shed on an archaeological problem, then

it is appropriate to focus'on a few visually recognizable entities.

\

Proposed Comprehensive Classification of Glass Beads in Southeast

Africa. We wduld like to propose, for further testing, a comprehensive
classification of glass beads in Southeast Africa. This hypothesized class-
ificatioﬁ is given in Table 26. 1In this Table we relate our hypothesizéd
‘assembl ages té Schofield's classifications (1938, 19L2, 1943, 1958).

For west.and central Africa,.we propose no cgmprehensive classifi-
cation becsause our,reséérch ih this area has been fesfricted. However, we
can say, on the'basisvof visual examination of many west African beads,
that we do not find the Southeast African assemblages recognizably present
in west Africa, and zigg_zggggé except for ninetéenﬁh— and twentieth-
century material;

The Study of Glass. As repeatedly indicated in our earliér chap-

ters, especiaily Chapter 2, very broad ethnic units, such as "India", are
inappropriate mdids in which to cast a detailed study of glass manufacture,
on account of the international character of glassmaking; Chemigal cate-
gories in glass need not réflect broad ethnic units.at all. For practical
purposes of tracing origins, soda-lime glasses must be regarded as nearly

-pan-cultural and pan-chronological.
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What is needed is a.very great increase in resblution within such
general categories of'glass. Until precise resolution is attained, pre-~
cise chemical categories like some of our groups cannbt be placed in per-
spective within general chemical categories, because the latter are not
known in cbmparable detail. The successful tracing ofiorigins of glasses
awaits extenéive, highly resolved, comparative, empirical reséarch.

Theré-are‘twd obvious ways to increase resolution in the study of
glass manufactufe;. The first is the comparative study of entities that are
restricted‘in time and space. It has been customary to study broad enti-
ties, such as‘médieval cathedral windows. It is now time to focus on
highly resolved subunits within such entities.

The second way to iﬁcrease resolution is by analyzing for trace
elements. However, we fail to see how analysis for trace elements can be
confidently interpreted unless carried out on samples restricted in proven-
ience in time and space.

Factory sites might be considered the naturai units of glassmaking.
A single factory site can be more or less delimited-in time and space.
Tests of relétionship of neighboring factories can be carried out if factory
sites are investigated. It would be desirable to estimate the degree of
chemical variability at one factbryﬁrelative to the variaﬁility between fac-
tories. be fhe'sfudy of theée énd-other»fundamentaivquestioné, it is to

factory sites that we should like to see future research turn.
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Table 24. Summary of Suggested Proveniences

Possible Pro-

Approximate ‘Glass . Glass venience, assum-
Dating® Group Type - ~ ing correct
s . o .dating
11th-20th TWBCG soda~lime unknown, perhaps
centuries ' o Europe and/or
[ , . Near Rast
9th-1Tth Ife Class II : " "
centuries | ' !
11th-15th Mapungubwe " Near East
centuries " Chemical Group
11th - |~ M; Chemical " "
century - Group ’
9th-12th - Ife¢Chemicalv' potassium ' Europe
. centuries " Group I
9th Igbo Ukwu soda~lime Near East
century Classes I-IIT :
9th ‘Igbo Ukwu ' pdtassium Europe

century Class IV

&a group need not span the entire range given as its dating, but may belong

to an unknown range within the span.
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Table 25. Chief Glass Types Commonly

Expectable for Selected Regions in

the Medieval Period

Médieval Near
East (and areas

X Medieval Medieval
of Europe in Furope Tndi
contact with op naia

glass ) _
types: soda-lime potassium uncertain
opacifier: tin, lead tin, lead uncertain
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Table 26. Proposed Comprehensive Classification

of Glass Beads in Southeast Africa

Visually Recbgnized Chemical Schofield's

Assemblage or Series Group . Classification

1. Unreheated canes of none none

Gokonmere, Zhizo Hill,

etc. (Robinson 1966,

Summers 1967)

2. Mapungubwe oblates Mapungubwe First Series (1938, 1942)

3. M; beads, garden
roller beads

4. Trade wind beads,
Series A heirloom beads

5. The eighteenth-century

- series (e.g., Mjelele Valley

Burial Assemblage, includes
Series B heirloom beads,
Series B at For Jesus,
"white crackle" beads, many
transparent beads)

6. The nineteenth-century
series (e.g., Dingaanstadt
Assemblage, see Schofield
1958)

7. The twentieth-century
assemblage (includes many
nineteenth-century styles,
and beads like Type 23 of
Igbo Ukwu (Shaw 1970)

"

Trade Wind
Bead

none,
under
study,
high
antimony
frequent

‘none

none-

Blue-green cylinders and
garden roller beads (fabri-
cated cylinders) (1938,
1958)

" Second Series (1938, 1942),

Arab beads (1942), coastal
beads (1958), some ances-
tral beads (1938, 1958)

none

Third Series (1938), Zulu
beads (1958), Lifecane
beads (1958), beads of
Malawi (1943)

none
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APPENDICES




Sample
FIE-AL-3
FJE-
remainder
'KIL-Ith.
KIL—IRll
KIL—HKCV3.
KIL-GM2
KIL-GRY9
KIL-GML
KII-IR13
KIL-IR12
KIL-GRY12
KIL~GRY8
KIL~LWK1
KIL-LWK2
KIL~GRY10.
KIL-GRY11l
KIL~GRY1
KIL-MBG
KIL-MBGl~5
KIL-IR15-18
KIL-GRY4-T
GER-1A-E
GER-2A-E
VOH-al1l
NYA-GRY16

'LUA-1-9

KA0-183G-J
KAO-1T72A

Appendix 1.
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Provenience of Beads:

Defails Not Given.in Text

Provenience arnd Excavsator

Fort Jesus, VII, AKhe, Kirkman

"o AL

,"_ .

X, A9D_, Ki

rkman

: Kllwa, Per. II SEB ZLL SS(2), Chittick
o "R of GM, Area K, SS(l), Chittick

".  Per. IIIA, HK, CV(3] | > "
" Per. IIIA-B, GM, SW, §S, W 100 cm., "

" 1"
" "

" T

" Per. IIIB, LW, K, SS(1) , "

" 1" 1" 1" " "

1] " " " " "

n " " n’ SS(Q) ,' 1"

" w | noon " "

- " Per. IV, KK, MBV(3) , "

. 7" " " " 1"

1" 1" " 1" "

1" " " . mG ( 3 ) . . "

" " ", MGB, soak pit s "

" 1" " " 1" 1"

" " 1" " " "

" Per. V, Gereza, A(2) 5"

" " " " n
Vohémar, No. 48-2-24, Poirier and Millot

Nyangwe Fort (Inyanga),

Summers

Iuanze, L, 1(2), Garlake _
Kaole House, 2C, SW Room: below possible floor, Chittick
» Tr. A1(L),

AL

 XXXIVb, 30-L0O" near wall, No.

7h72as'
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Sample
GED-all

MPL-k
DAM-1
DAM-2-3
MAT-all.
 MAK-1
MAK-2
LUS-1
- MOD-all
STA-all
POR-all
MAN-a11
KAB-all
BUT-all
CAL-&1l

SIR-3295

ITA-1030
ITA-920
ITA-855
ITA-1386
ITA-1035

ILE-233a

OLD-27
0Ss-1

KOU-1
GAO-1

ORU-206a

-Porac,

Kab'wan Cave, Lipuun Point,
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continued

Provenience and Excavator

Gedi, below floor of tomb, Kirkman
Mapela, JNF A(3), Garlake

* Dambarare, 64, CES 62 1/2, skull, Garlake

", 75, CES 6S~, "
Matendére, midden, No. 5950, Caton-Thompson

“Makoli, Type I, v. Riet Lowe No. 33/59, Inskeep

11" , Type II, . 1 . " 1"

" 18/40, Clark

Modjadje's location, " 33/37, Krige (not excavated)
Santa Ana (in Manila), Fox ’

Iusaka Cave,

"

Manuriggol Cave;ﬁChamber B, Palawsn Is., Fox
" "

Butohg, Fox

Calatagan, Fox

siraf, No. 3295, B, (386), S69-70, Whitehouse

Ita Yemoo, Tr. XTI, (3a), Willett

1" . 8B(2), "
" , Tr. XIII, (1B), "
" " . (‘19B) . oon
" ' ", (b)), "o

Ilesha, grave, rt. arm of Skeleton I, Willett
0l1d: Oyo, surface, "

Onikroga (Ossi River Site), found by R. Hide in a "cache" of

beads, no archaeological data

" Koumbi Saleh, No. MAL-49-195, Mauny and Thomassey

dad, surface, from medieval town, No. MAL-50-13, Mauny
Orun Oba Ado, Pit 11, Willett
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~_ Appendix 2. Cobalt Célorants in_Glaés

Cobalt.éoiorahts have occasioned some discussion in the literature
(Garner 1956&,_1956b),.and it may be appropriate to comment on this topic
here. 7 .

It is not pbésiblé.routiﬁely to diegnose the source of a cobalt
ore used in aiglaés from s pgttern of trace eleménts in the glass. 1In order
to do so,.not oniy must & trace element pattern diagnos£ic of some cobalt
source be. demonstrated to eiist,'but also one muét show that the pattern is
recdgnizablé in thevfinished gléss. These are formidable reguirements.

It méy-ﬁé doubtedehether there exist many patterns of trace ele-
ments éssoéiated.ﬁith cobalt that point exclusively to single mines or
sources. The égme cobalt ores can occur globally,'aﬁd'different cobalt
'oreg can Qécufiih'the éaﬁe minef Certainly the burden of proof lies on
-the pérson*who‘égsefts such'associations.

The.cébait 6tes are uéually grouped into.threé broad chemical
types: afSenic—conpaiﬁing oreé,,Sulfur—contaihing'oreé, and product-of-
'oxida‘tliori:E’Jresj(on;Jyng‘AJ..-96_'2._2 Andrews 1962).. Some ores are chemical ‘com-
poﬁnds; otﬁers é;é mixtures. The ar;enic—‘and sulfur-containing ores are
thevpommopest'(U.S. Bur. Mines 1950).

--The product-of-oxidation ores are worthy of ¢omment iﬁ the present
context. Thé ore erythrite has a fed color, which may aid in its identifi-
cation in historical texts, such és in a Persian description of.a faience
téchnique‘(Ritter 1935:35). Another product-of-oxidation ore is asboiifé
(asbolane); a special class of wad, an ore of cobalt rich in manganese,

as discussed in Chapter 8.
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Besides occurring as above, cobalt often occurs in manganese ores
(u.s. Bur.‘Mines 1950, Andrews 1962, Young 1962), and also in association
with several metals éuch as copper and zinc. Indeed, cobalt ores almost
never occur along in naturé: their mining is almost always the by-product
of some oﬁher mining endeavor._ |

It has been stated in the glass literaturé (Garner 1956a, 1956b)
that cobalt ores gccurxing in the Near East are arseniferous ﬁhile those
occurring in China!areﬂméngénifefbus. Thesé-generalizations should be
regarded‘with_the’gféateSt céution. They rest upon no analyses of ores,
and they were put forward essentially without documentation (Garner 1956a,
1956b). |

In point'of fact, little is published of cobalt ores in the Near
"East. Reéent authoritative works do not list this fégién as even a minor
supplier of cobalt, nor do they s&stematically discuss this region. Only
some miscellanéous information is reported (see U.S. Bur. Mines 1950,
Andrews 1962).

In Garner's work, the evidence which was supposed to characterize
Near Eastern, arsenical, non-manganiferous (or very low manganese) cobalt
colorants in use from antiquity until c¢. the fourteenth century A.D. con-
sisted of a single piece of glass, for which it was assumed that the color-
ant was loéally_pbtaiqed, which contained a trace amount of manganese, and
in which arsenic waé neVer‘detected (Garner 1956a, 19S6b).

Garner's high-arsenic, low-manganese prescription for Near Eastern
cobalt colorants seems poorly substantiated,‘not only because of inadéquate
reported analyses, but also because of the range of possibilities in the

global distribution of cobalt ores. Arsenical ores of cobalt occur
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aﬁundantly dufside of the Near East and manganiferous ores of cobalt occur
abundantiy'ouﬁside of China. It has not Been proven ﬁhat manganiferous'
ores.ofwéoﬁaltHCahnbt occur in the Near East or that arseniferous ores can; ‘
hot océﬁr'in China. The.finding of ancient Néar Eastern glasses appearing:
td contain mangéniferous cobalt colorants (Sayré l963,‘i96h) need démand no
cobalt soﬁrée exétiC'to the Néar East. The'éame may_bé»said of maﬁgani-
ferous cobalt blue glasses found in the Occidént (Sayre 1963, 1964), and
the reverse mﬁi be said of arsenical cobalﬁ ores appearing to occur in
Chineée glaies (Garner 1956b, Banks and Merrick 1967).

Clearlyxcéution is reéuired.when Qonsidering»generalizatidns about
ores, and appropriate notes of caution are indeed implicit in more recent

studies (Sayfe i963, l96h),
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