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ABSTRACT

Glass Deads from archaeological sites of sub-Saharan Africa were
analyzed by neutron activation and by X-ray fluorescence, and the results
interpreted archaeoclogically. 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. The glass artifacts from
Ife (Nigeria), dated to approximately the tenth to twelfth centuries A.D.,
were mostly potessium glasses, with some soda~lime glasses. DSome close
. resemblances were found between the glasses of the two sites. Evidence
for glassworking which exists at Ife is interpreted as evidence of rework-
ing, rather than manufzcture from raw materials. A European provenience
is suggested for the potassium glasses, but the proveniernce of the soda-
lime glasses is unclear.

Blue-green glass beads from Bambandyanslo (Republic of South Africa),
dated approximately to the eleventh century A.D., chemically match large

beads knowr as garden roller beads found at Bambandyanalo and other sites.
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The hypothesis, known in the literature, that the garden roller beads were
made at Bambandyanalo by reworking the blue-green beads is supported by
this chemical match. Certein other glass beads found at Bambandyénalo,
but pot typicel there, were found chemically‘€o>matéh glass ﬁeads from the
nearby site of Mapungubve.

Semples from a large series of glass beads known as trade wind
beads were found to be chemically elike. These beads occur in archeeolo-
gical sites of sputhern and eastern Africa. and in the Philippine Islands,
end are dated srchaeologically from ¢. the eleventh century A.D. &t Bamban-
dyanalo to c. the end of the seventeenth and early eighteenth centuries
A.D. at Dambarare, Dhlo Dhlo, and related sites (Rhodesia), with a possible
archeeological occurrence im the nineteenth century at Kilwa (Tenzenia),
and with a twentisth-century occurrence as heirlooms among the Lovedu and
probebly other groups of the Transvesl (Republic of South Africa). The
long time span of archaeclogicel dating of this group is difficult tc re-
concile with the chemicsal similarity of the beads. If the archaeclogical
deting is correct, the long time sban of the group indicates tﬁat Ehemical
groups of glass mey not always be semnsitive indicators of relative date.
The hypbthesis, known in the literature, of Indian manufacture of these
beads was tested despite its questionable neture, and the availeble evi-
dence was found inconclusive.

The beads found in archaeological sites of eestern and southern
Africa are all soda-lime glasses. The origins of all beads of soda-lime
glass found in African archzeological sites are unclear. Sode-lime compo-
sitions are undisgnostic and could be consistent with European or Near

Eastern origins. BSuggestions of provenience hinge on the dating of the
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samples rather than on links to factory sites, and even so are only con-
Jectural. _It is noted that data from gless factory sites are nceeded, and

it is suggested that future research turn in this direction.



L it

PREFACE

This Adissertation presents the results of research into the chem-
istry of glass beads found in archseological sites of sub-Saharan Africa.
Ia the earlier stages of the research a great many beasds were exemined,
and selections were mede fo‘r chemicel analysis. The institutions at
which the euthor examined glass beads are related material were as follows:
the British Institute in Eastern Africa, Nairobi; the Fort Jesus Museum,
Mombasa; the National Museum of Tanzanie, Dar es Salaem; the National
Museum of Rhodesia, Bulawayo; the University of the Witwatersrand, Depart-
ment of Archaeology, Johsnnesburg; the University of Pretoria, Department
of Anthropology; the Museum of Man and Science, Johannesburg, the Museum
of Carthage; the National Museum of Bardo, Tunis; the University of Alla-
hebad; the Allshabad Museum; the Deccan College Postgraduate end Research
Institute, Poona; Benares Hindu University; the Government Museum, Madras;
the Archaeologicel Survey of India, Madras and New Delhi; the Asutosh Mus-
eum, Calcutta; the Hyderabad Museum; the M. 5. University of Baroda, Depart-
ment of Archaeology; the Depa.rtmeut of Historical ‘Archives of Goa; the
Nationsl Museum of the Philippines; the Victoria and Albert Museum; the
British Museum; the University Museum of Archaeoclogy and Ethnology, Cambridge;
the Pitt~Rivers Museum, Oxford; the Corning Museum of Glass; the Museum of
Industri;a.l Arts, Prague; the Museum of Glass and Bijouterie, Jablonec nad
Nisou; the Museo del Vetro, Murano; the Musée des Antiquités, Rouen; the
Musée du Verre, Liége; the Vleeshuis Museum, Antwerp; the Tropical Museum,

Amsterdam; end the Museum of Geogresphy and Ethnography, Rotterdan.
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CHAPTER 1. RESEARCH GOALS

A Classification

Glass beads are a frequentlyrencountered class of artifacts in sub-
Sﬁharan African archaeological sites of the past two millennia. These glass
beads are considered to be imports, and in many sites they form the only
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, it 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 ccntinuing or comperative 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
previously proposed, often only for limited use, have utilized such class-
ification criteria as shape, size, and color. All tac often these criteria
have not been clearly communicable to others. 1In recent years a realiza-
tion of the need for & cormon terminology heas led some authors to adopt the
Beck typolcgy (1928), often simplified, and it is used in the descriptive

aspects of thirf investigation.



However, because beads are often very simple to make, the same
shapes, sizes and colors may be made in many different places. A class-
ification in the Beck pattern masy have no relationship to the manufactur-
iﬁg source of the beads. Therefore, the Beck system is unsuited for a
classification which has as its goal the reflection of menufacturing
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 such that it would question the validity of the classification.
Presumabtly 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 hes been successful as a chemical classification, it repre-
sents the result of sempling from a very few visually-recognizable bead

assemblazes. Such beads were picked because they looked slike. In other



cases beads were analyzed simply because they came from a particular site.
By and large these beads form an unclassified residue, for example, Ife
Class IT (below). We shall have more to say on this subject in our last
chapter.

The clessification which has resulted from this research is showm
in Figure 1. This classification, although hierarchical, should not be
construed to reflect any evolution, development, chronology, or distance
between factories. The diagram is not drawm "to scale", metephorically
speaking. The exact placement of the nodes, or levels, is not important
except as they show mutual 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", tut 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) group. 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 other
hand, a chemical classification may give a number of origins that is in-

flated with respect to the "true"

nunber of glass works, because cne glass-
works may have produced more than one chemical Zroup.
It follows from our definition of origins that origins will fall

into groupings exactly corresponding to bead groupings. Nested bead groups

will have correcpondingly nested origins. We believe that the nore
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specific the beed group, the more limited in space-time its origin
must be. .

In an investigation involving such chemical groups, it is important
€6 consider groups at levels of generality which are sppropriate for the
problem being investigated. In histofical studies, we are oftten concerned
with entities that reflect human behavior, for instance, the behavior of
the glassmakers. We are not necessarily lnterested in the most specific
chemicel groups we cen find. The latter will often be a function of the
limit of resolution of our techniqueé end not necessarily historically
meaningful. As archezeologists we are usually interested in that group,
at wkatever classificatory level it happens to be, which is relevant fo
human behavior, or which is heuristic for & pertieuler investigation.

An intelligent choice of the classificatory level which will
figure in one's investigation would seem to require that our classification
be interpretable in terms of glass menufacture, in sther words, how a
chemical bead group relstes to a glass factory. One cannot safely assume,
for example, that chemical groups ﬁhose members look alike correspond to
single product lines of a factory, and that their subgroups correspond ‘o
different batches of the same product, and that our techniques do not
resolve intrarbatch differences 1ﬁto further subgroups.

We are not yet able to interpret our classification in terms of
glass manufacture, and it is largely for this reason that we adopted our
tautological definition of origin. We have carried out no deliberate con-
trol investigations. TFor example, extensive analysis of samples from
factory sites would presumably yield information ebout the chemical varie-

bility reasonably expectable between batches of the same product from year



to year. Were such an investigation carried opt, it may still be diffi-
cult to evaluate whether the factory investigated was represeatative 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 place our bead classification into perspective. Such
investigations are a life's work, as yet undone, and not available for us
here. For these reasons our classification remains largely uninterpreted
and open to further research.

Specification of Origins

Some investigators may wish to sttempt to specify the origin of a
bead group, that is, neme the factory, despite the difficulties in inter-
preting bead groups as discussed above. No doubt, if a specification were
successfully made, it would aid in the interpretation of groups in general.
However, presently there is not enough information sbout glass factories
to enable one systematically to search out an origin as if "keying" a
biological orgamism. 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 tc its origin on the bases 5f empirical--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. ILet us see why this is so.

The muin reasous for the difficulty in trecing glass to a very

precise

recion of origin lie in the faet that gluss is often
mede by mixing ir redients from disperate sources. Such a "fingerprint"

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



geogrephical region in which the factory lies. The writtsn history of
glass contains numerous notices of an international commerce in all the
classes of materials used for glassmaking: silica (ibn Yakut, al Biruni,
in Lamm 1941), alkalis both soda and potash (Neri 1612, Kunckel 1679),
cullet or other scavenged material (Hettel 1960, Honey 1946, Chambon 1958a,
¥unckel 1679, Theophilus, in Chambon 1955, D::Lkshit 1969), colorants
(Kunckel 1679), and even possible glass ingots and similar material (Pliny,
in Winbolt 1933, Charleston 1963, Lemb 1965, Hall et al. 196k, Newton 1971).
Locally-obtained ingredients may have already been somewhat refined before
even reaching the hands of the glassmaker. A glussmaker might buy his
copper colorant in the form of copper sheets from his Iocal coppersmith
(Neri 1612), but the coppersmith mey have obtained his ores from distent
places, and he may have even mixed different ores together. Much of the
material that has gone into glasses may be derive& f;om ﬁines which are
now exhausted, so that samples from them will never be availeble for
research.

Even if such samples wsre ﬁvailable, it may be doubted whether an
extensive knowledge of ores wpgld ectually be very often helpful. The ores
mey heve been refined beyond recognition befors use in the glass. But in
any case, when materials are placed in a glass their trace element patterns
become "scrambled" with the trace element patterns of other ingfedients.

In favorable cases it may be possible to "unscramble" these patterns if
suitable samples ere avzilable (many semples of glass of each color plus
colorless fron one factory site), but in other cases the fluctuations in

. . T
roce elementzl concentrations mey be so great and the "scrambling” so



intricate that the "unscrambling" cannct be accomplished with acceptable
statistical certainty on the number of semples available.

It is possible that some glasses were made entirely from local
ingredients, particulaerly in times and pleces where the glassmeker's occu-
pation was rather undifferentiated from other occupations, or vhen a crude
gless was all that was required. Examples include some glasses made in
medieval Eurcpe (Rademecher 1933), im the country of the Nupe in Nigeria
(Passarge 1695 : 470-472; Nadel 1942 :27L=278), or in rural Indis (Dikshit
1969). In such situations trace element patterns may exist which it may
be possible to show are attributeble to the genchemiéal region in which
the factory lies.

However, it seems unlikely that the glass beads fcund in African
archaeclogicel sites came from such primitive en.erprises. Because ideal
ingredients, particularly colorants, are not universally distributed, such
primitive enterprises are often restricted to the manufacture of crudely
fashioned items in only one or two colors. The bead assemblages fourd in
Africa indicate much greater proficiency in the glascmaker's art than that.
Moreover, these primitive enterprises sre characterized by relative isola-
tion from long distance trade routes. To some extent it mey be their iso-
lation which restricts them to local ingredients. It is simply not plaus-
ible thaf a distribution and marketing system which could get its beads
nundreds of miles into Africa did not have opportunities for commerce in
glassmekers' materials, and was not interested in buying its materials in
the cheapest market.

Then, if gless cannot easily be tied to a geochemical or geograph-

ical region, one might ask if it can be tied to a cultural region, perhaps
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through consideration of stylesjanq recipes. In a broad and imprecise

vay this can be done. For instance, one can say that as a rule of thumb
potassium glasses are cheracteristic of medievel Europe. But we are inter-
ested In a more specific designation of origin than that.

The rule of thumb, that potassium glasses were made in medleval
Burvpe, rests on no theory but on generalization from empiricsl data. If
we are interested in rules-~of-thumb for cultural regions more specific
tkan "medieval Burope" then we shall require empirical dsta from more
limited regions. .Perheps, after future comperstive investigations, it
may be possible to demonstrate cases of regionalism in custom and recipe,
as well as in trace elements.

However, it is most necessary not to lose sight of two factors
which counteract regionalism in glassmsaking. Firstly, factories may heve
acted independently of one another in the procurement of ingredients and
in the choice of methods, particularly if there were secrets to be guarded.
Secondly, & factor which counteracts regiomalism in glassmaking is the
international character of this art.

In some respects glassmakers participeted in a common body of know-
ledge akin to some international cult. They visited one another, copied
one enother, and attempted to learn each other's secrets. There are fre-
quent accounts of rather large-scale migrations of glassmakers and their
families, and to a large extent the occupation itself spread along fanily
lines. The ingredients used in glass were obJects of commerce. Because of
the communication among glassmakers, styles and technigques were quick to

spresd. For example, patterns which have been discerned in the use of



manganese and antimony (Seyre 1963) are internationsl. Indeed it has been
remgerked that it is sometimes_easier'to Judge the date of a piece than its
place of manufactufe.'ffl E

A gquest to name the origins mey be complicated by the possibility
that different stages of bead manufacture may have heen carried out in 4if-
ferent places. Around the beginning of the sixteenth century, canes mede
in Venice (from imported ingredients no doubt-~for mines do not exist in
Venice) were sent to "Germans" for formation into beads (Gasparetto 1958).
An analogous situation existed in the twentieth century, when canes mede
in Venice were sent to Czechoslo#akia for cutting and shaping (Peﬁatové
n.d.). Other exsmples might be given (Newton 1971).

Another varisble interposed between bead factory and archaeologicsal
site is the marketing system by which the bead arrived at the site. A
host of middlemen may heve complicated the situstion in ways difficult to
evaluate. For example, in the early twentieth century the Czechoslovakian
firm of A. Sechse and Company was purchased by the Veretlian firm now en-
titled Societd Veneziana Conterie e Cristallerie (Pasquato 1953) and there-
after, beads made in Venice were sold under the name of the Sachse company
(LukeS 1970). |

Another camplication in a search for origins is the possibility
that sucéessful styles might be made by several factories, particularly
if they were simple. This situastion is observable in preserved nineteenth-
century bead sample sets.

In sum, the specification of origin of a bead group requires empir-
ical evidence from sources which have not yet been identified or investi-

gated.
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In any case, it depends on the nature of the research being
attempted whether or not the "name and sddress" of origin of & bead is
crucial information. Although useful information may be gained from spec-
ification of the source of & bead, it is important to keep source identi-
fication in proper perspective. The ultimate goal of the archaeologist
is the elucidation of = history, in our case the history of trade with
Africa. Identification of the place of manufacture of certain glass beads
is a servant of our ultimate goal and is not itself the goal. Information
pertaining to the history we seek may often be gained by other means. It

is to aﬁch matters that we turn in the chapters to follow.
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CHAPTER 2. A BACKGROUND ON GLASS

This chapter presents general information concerning glass and
glass beads, so that the reader will have some background for the material
ﬁ§ follow. We shall first discuss the ingredients of glass and their his-~
tory, so @hat the reader will be able to place our chemical analyses into
perspective. We then define our terms in a short discussion of bead nomen-
clature.

Glass Ingredients

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

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

«..an inorganic substance in a condition which

is continuous with, and analogous to,; the

liquid state of thet substance, but which, aes

a result of & reversible change in viscosity

during cooling, has attained so high a degree

of viscosity as to be for ell practical pur-

puses rigid.
Several different materials}can exist in the glasey state. The present
research is concerned only with man-made siliceous glass.

Men-made glass is a mixture of ingredients rather than a chemical
compound. Therefore it has no single formula, and the proportioms of its
ingredients may vary. Nevertheless there are some general rules, which
allov the ingredients of glass to be divided into the following three

classes, designated by Roman numerels.

I. The basic ingredients are:

a. silica (Sioa). In e conventional soda-lime glass 5102 may
form about 60% of the glass by weight. This is obtained from siliceous

rock or seand.
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b. an ingredient which lowers the temperature of fusion of
the silica. One or béth of the alkalis Na20 or K20, obtained from soda
or potash respectively, serve this purpose. PbO also serves this purpose.

. c. other ingredients which provide chemical stability or act
as a flux, such as oxides of calcium or aluminum. Some major ingredients,
often iron, may be considered impurities.

The most commonly-encountered gless compesition is probebly the
soda-lime glass, which conventionally contains v 60% $i0

“ 15% Ne,.0, and

2’ 2

~ 5% Ca0.
Another commonly~encountered composition, with which we will be

concerned, is the potassium glass, characterized by ~ 15% K.O rather than

2
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

" 5-20% CaC.

II. The glassmekers' additives.

In addition to the basic ingredients there exist the glassmekers'
additives. These are added for en artistic or technical purpose, such &s
to coleor, to decolorize, to opacify, or to clarify. Certain elements have
traditionally been used in these capacities for centuries, and they are
discussed further below. When the additives are present in a high range of
concentretion, such as percent or tenths of percent, they mey be considered
to have been intentionally used. VWhen present in a low range of concentra-
tion (perts per million), they mey be considered unintentionally-included
trace clements. Exceptions must be mzde, of course, in the case of addi-
tives which perform their desired function at a low coacentration, such as
cobalt, which gives a very dark blue vhen present only as a few hundred

perts per million.
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III. Trace elements.

A third class of ingredients is formed by the trace elements, or
impurities. These are the elements present in low concentration (perts
per million) over which presumably the glassmakers exerted no control.

Some scrap glass, or culleht, was and is almost always included in
glass batches in order to aid vitrification. If imported, cullet may have
introduced elements, including glassmakers' additives and trace elements,
which might no% have arrived im the glass otherwise, obscuring regicnal
patterns.

Glassmakers of the past probably did not see their ingredients
vith our perspective--indeed modern chemistry did not exist before the
eighteenth century. It has been said-that glassmekers were nct always
avare that lime (Ce0O) is desirable for stability, but their ingredients
vwere so impure that they put in sufficient lime unawares (Turner 1956e:
45-47; 1956c:2T77). Similarly. the fact that alkalis could be divided
into tyo types, soda and potash, was not clearly understood until the
eighteentr: mentury (Turner 19563:HHT), although some had en inkling of it
{Kunckel 1679). Our snalysis and discussion are carried out in terms of
pure elements, but it should not be thought that glassmakers used pure
elements to make the glass. Indeed, some glassmakérs may have been aware
only of the silica, alkali, and additive, the latter two probebly eadded as
salts to the silica (sand). Only in the case of common metals, such as
copper, night the glassmakers have added an ingredient as a fairly pure
element.

It may be coavenient to think of past glassmaking as a craft car-

ried out according to a good deal of unwritten lore. Glessmekers vere
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aiming at a result, not a chemical composition. Alchemist and glassmaker
had much in éommon, and even todsy not every glassmaker's trick is under-
stood according to modern chemicel precepts.

The Additives

The glassmakers' additives resporsible for coloring and opacity
require further discussion. This subject is extensive, and the interested
reader is referred to Weyl (1951) for further information. In order to
understend most beads found in Africa, it is necessary to know only a few
simple facts about the additives. Indeed up until the ninreteenth and
twentieth centuries the common conventional means of coloring glasses were
very few, end these traditional methods are reviewed below.

Opaque red, also known as Indian red, sealing wax red, brick red,
terra-cotts red, or oxblood red, is the range of color created by suspended
perticles of metallic copper and/or cuprite (Cu20) (Weyl 1951, Brill 1970).
This range of color approximates No. T.SR,3/6 on the Munsell scale (Munsell
1961).l Glasses of this color, viewed grossly, virtually alwsys look
opague, but under msgnification the red partizles can be seen, in an often
trensparent metrix, if the specimen examined is a thin chip.

Blue-green results when copper is present as Cu++. This color cen
range from about No. 2.5BG to No. 10BG on the Munsell scale, but it is

~ typically around No. 7.5GB,6/8 on this scale. The seme copper-conteining
1

The Munsell system of color notation is described and explained in the
work referenced, especially pages 13-2k. It is elso presented in

"eolor". A useful and inexpen-

Webster's Dictionary, 3rd edition, under
sive color scale for the daily use of the investigation is known as the
Nickerson Color Fen, available from the Munsell Color Company of Baltimore,

Maryland.
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glass will be Indian 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 CuH or by iron (FeH and Fem). Iron impure
ivies in glass commonly give a greepish color. The color from iron can
range from brown to & bluish-green, but are typically near No. 10Y on the
Munsell scele.

It is often desirable to remove the greenish tinge from glass, and
for this purpose a decolorizer may be used. Until the twentieth century
the chief decolorizers vwere manganese or antimony.

Besides serving as a decolorizer, manganese, as Mn+++, is the agent
used to achieve purple. This color may range from pink to broim, but it
is typically about No. T.5RP on the Mmseﬁ scale.

Cobalt blue, also known as royal blue if dark, and powder blue if
light, about No. T7.5PB,3/1l and No. 5PB,6/8 respectively on the Munsell
scale, is ceusad by cobalt. An experienced observer can usua.ily easily
discriminate a pale cobalt blue from a copper blue-green.

Opaque yellow is created from undissolved compounds of antimony
and lead or of tin and lead. This color is about No. 2.5¥,8/12 on the Mun-
sell scele. These same elements are also used to achieve opaque white.

Opeque orange (amber) glasses may be considered as yellow glasses
which in;:lude zine, as indicated in Chapters 5 and 7. The orange coler is
approximately No. 7.5YR,7/11 on the Munsell scale.

Black, upon close exemination, usually consists of either exceed-

ingly dark green, purple, or cobalt blue.



Horizons in the Use of Ingredients

A complete survey of the history of glass is not entirely appro-
priate here. Such surveys can easily be found in the literature (e.g.,
Honey 1946, Derry snd Williems 1960, Turner 1956s,195¢b,1956c). However,
it is appropriate'here to review, from the history of glass, that infor-
ration whiech is useful for purposes of "diagnosing" the origin or affini-
ties of glass artifacts. For exemple, the date of invention of a certain
process mey be important in estimating the date of beads which show evi-
dence of that process. Therefore we shell review the horizons and land-
marks of glass history up until epproximstely the nineteenth century,
that seem relevant to this research, in order that the basis of our "diag-
noses” may be clear to the reader.

Most glass ingredients are not diganostic of time and place of
manufacture, but there are & few ingredients which are helpful in this
regard. These are reviewed below.

Alkelis. Most ordinary glasses are soda-lime glasses containing
a preponderance of sodium over pot.assium. Some potassium, however, usually
appears in soda-lime glasses, and patterns cf the use of potassium in
ancient and very early medieval soda-lime glasses have been discerned
(Seyre and Smith 1967). Soda-lime glasses are typical of the ancient Near
East, the ancient Occident, the medieval Near East, and the modera world.
Only medieval Europe is a well-known exception: here the potassium glass
is typicel.

The dateof beginning of manufacture of potassium glass in medieval
Europe is poorly knoun, 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 Smith 1967:279). During the cen-
turies after the Renaissance, potassium glass gradually ceased to be used
generally, but continued to be used for certain specialized types of
glass, including luxury and utilitarian types (Honey 19L6). Its use for
utilitarien objects, such as bottles, persisted well into the colonial
period (Honey 19L6). Although potassium glasses are chiefly associated
with medieval and modern Europe, they cannot be restricted to this time
and place. For example, they are known from the U.S.S.R. (Besborodov and
Zadneprovsky 1967) and a specimen presumably made irn China in Hen times
was fowrd to be potassium glass upon analysis in our laboratory (in prep-
aration).

Opacifiers and Decolorants. Antimony was used both a5 a2 decolorant

end 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, 196L4). TIts use as g decelorant may have persisted until the
end of Sassanid times in Persie (Sayre 1963), and it very occasionally
occurs &8s an opacifier in medieval specimens in combination with a tin
opacifier (Turner and Rooksby 1962). The common use of antimony reappeared
around the seventeenth century A.D. (Turner end Rooksby 1962, Neri 1612,
Kunckel 1679), and it is commonly used today. Thus, entimony was out of
use from about the fifth to seventeenth centuries A.D.

Presumably antimony opacifiers were replaced by tin opecifiers
when antimony went out of use in about the fifth century A.D., but evidence
for the use of tin opacifiers is scant. They are not thought to nccur
earlier than the fourth to fifth centuries A.D. (Sayre 1963, Sayre and

Smith 1967), but our Chapter T, Part 2, mentions some possible exceptions
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to this generalization in India. Tin is found in occgsional ﬁedievél
specimens (Turner and Rooksby 1962), end is rather welil-attested after the
fourteenth century A.D. (Turner and Rooksby 1962, Neri 1612, Frothingham
1956). It did not drop out of use when antimony was rediscovered around
the seventeenth century A.D.

The use of menganese esg a decolorant was introduced in Roman times
(Seyre 1963) before antimony had gone out of use. Poth were used for a
few centuries. Manganese remained in use after antimony diseppeared, and
it has remeined in use ever since.

Arsenic received its first undoubted literary references ia the
seventeenth century A.D. (Neri 1612, Kunckel 1679), and came into consid-
erable use in the eighteenth century as en opacifier (Turner and Rookshy
1962). A possible Assyrian reference to arsenic has been discounted by
Turner (1956b:179T) becsuse of Aifficulties in translation, and because
arsenic haes not been found in enelyzed specimens of ancient or medieval
glasses except in cobalt-conteining glasses where it may have teen asso-
ciated with the cobalt.

Barium in amounts grester than tenths of percent as the oxide has
sometimes been thought to be diagnostic of ancient (pre~Han and Han) Chinese
glass (Ritchie 1937:219). Its occurrence in glass beads found at lo Yang
is well lmown (Seiigrann 1937). However, high smounits sre elso found in
glass of medieval European cathedrel windows (work in preparation) and glass
from Tripuri (Dikshit 1969). Therefore high amounts of barium canmot 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).
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Boron is best known today as s constituent of modern laboratory
and kitchen glassware which can withstand sudden and extreme temperature
changes. Its mention by Kunckel (1679) is usuelly considered the eerliest
evidence of its use, but there is a thirteenth-~century Chinese mention of
borax, as g substance used in the Middle East to meke an elastic glass
(Hirth and Rockhill 1912&227). Glass from Aphrodisias, a factory site in
Turkey, shows close to 1% B,04 (Brill 1968:52).

Aventurrine, not an ingredient but a special effect, was invented
in the seventeenth century A.D. in Murano (Zecchin 1955:63). In this
glass, small flakes of copper are dispersed which can be seen with the
unaided eye and which give the glass a specular appesrance. Aventurrine
is commonly used in beads and trinkets. It is said that the Bohemians
discovered how to make it in 1887 (Urben n.d.). .

Bead Terminology

The modern name for mass-produced glass beads i> the collective
noun "conterie™. TIts first known appearance in e glass context (Zecchin
1955, 1964) is in some correspondénce dating to the period 1601-1611
between the Portuguese Emanuel Ximenes and the Italian Antounio Neri. The
latter is considered the father of modern glassmaking and author of the

first modern text of glassmeking, L'Arte Vetraria, first published in 1612.

The term conteria appears in Neri's book.

The meaning of this term was not understood by Merret, who tran-
slated Neri's book into English (1662). The historical implications of his
mistake are discussed by Zecchin (196%).

Duiing the century or so preceding Nerl, the word, conta, for

bead(s), was used in numerous Portuguese documents and eccounts (e.g.,
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Lobate 1960, Pigafetta c. 1589). Thus one might speculate that the word
conteria may have entered the Italian language from the Portuguese. A1l
during the sixteenth century the Portuguese purchesed glass beads, some-
times Venetian (e.g., Lobato 1960), and many opportunities may have arisen
for such & linguistic borrowing to have taken place.

In its original meaning in Portuguese, conta, meant "eount” or
"account”". Such & meaning may easily be transferred to beads, which were
often used as currency by diverse pecples, particularly during the period
of exploretion and discovery.

The referent of the term "conterie" has changed since the term was
first used. In the letters of Ximenes it referred to large cane beads
(defined below), probebly not reheated, or if so, probably reheated indiv-
idually on a spit and not by tumbling in pans or barrels. To the eighteznth-
century encyclopedist Savary des Bruslons it meant "large" trade beads
(Savary des Bruslons 1723:I, col. 1481-2). To the nineteenth-century
Bussolin (1842) it meant all trade beasds except margarite and beads made

a lume (Zecchin 1955:91). Margarite is snother term whose meaning has

changed over centuries, but to Bussolin it meant quite small cane beads
used for embroidery. Beuds made a lume are those vhich are wound and/or

individually decorated a lume, that is, at the glassmakers lamp, or flame.

AL present the term "conterie” includes ell these varieties of glass beads.

Descriptive Terminology

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

is mede emung disce, short barrels, cor shert cylinders.
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The Beck report does not deal et length with method of menufecture,
but these processes have been frequently described 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 "wound" methods.

In the cane method, the iron blowpipe is dipped into the molten
glass and & "gather" of glass obtained on the end. The gather is blown
to form a hollow ball. The end opposite the blowpipe is then attached to
an iron rod (a2 "puntil"), and the hollow ball is pulled to form a long
hollow tube, known as a cane. The cane, efter cdoIJj._ng, is broken into
segments which constitute the beads. The beads may be reheated to round‘
off the sharp edges, or they may be left sharp. In Neri's doy, if one may
Judge by his vocabulary (see Zecchin 1955:81-99), beads were reheated by
manuel stirring in shallow pans held over a fire. In Bussolin's time
(1842) beads were reheusted by tumbling in large barrels suspended over a
fire (see Zecchin 1955:81-99). This method is still in use in Murane
(Venice) todey, where f;he author observed it in 1969. The difference
between the two methods mey give some indication of the relative amounts
of beads which may have been produced in the nineteenth century compared
with the early seventeenth.

In the wound method, a solid rod of glass is wound around an iron
rod celled a "mandrel” like thread on a spool, thus constituting the beud.
When cool, the bead may be slipped off the mandrel.

Less cormicnly encountered in Africa are beads made in various

kinds of molds.
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Flgure 2 diagrems the measured dimensions of a beed. The length
measured is ordinarily that of the performation, and the diameter is
the meximum, except thet impegfections should be avoided.

Figure 3 diegrems some shapes of beads. The shapes are idealize-
tions to which few beads correspond perfectly, since they ere not preci-
sion-made. Reheated cane beads in particular are quite varieble with
respect to the exaect conformetion of their ends, since their shape depends
on the rounding-off of sn accidental geometry. In general, any shape can
occur in any size.

In a chemical texonomy the exact size of a glass bead is not of
major importance. Generally the manufacturers mske the beads first and
sort them into size renges later, by means of sieves. Therefore approxi-
mate designations of size are sufficient for ordinary purposes. The size
renges we have distinguished ere "extra large", "large", "medium", "smell"
and "minute". Extra large beads are those which are trapped in = Tyler
Standard Screen Scale U.S. No. 3. Large beads are trapped in No. h;
medium in No. T, and small in No. 16. Beads which pass through No. 16 are
minute. For a general comparison, a walnut is extrs large, a garden pee
is large, a coriander seed is medium, & sesame seed is small, and a poppy
seed is minute. In practice we usually judge the size of beads by eye
and not by sieving.

All destroyed beads were precisely measured to the nearest milli~
meter, except in cases of samples Judged to be alike on account of mass-

production. In such cases & few typicel specimens were measured.
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Structural Aspects of Coloring

A glass bead may be monochrome or polychrcme. The first case is

self-explenatory. The second case may be leyered, striped, or decofated.
' A layered, or "flashed", bead, most often & cane bead, has one or

more outer coats, each one monochrome, over an inner core, usually of
another color. Common forms of this type are "Indian red over green", or
"elear reé over opaque white".

Striped beads are akin to Tbhe layered, insbfa.r as the stripes may
be regarded as a discontinuous layer.

in mass production stripes and outer layers were usually placed
on the gather before it is drawn out into a cane, and thus the leyers
and stripes stay with this type of bead throughout its manufacture.

A decorated bead exhibits designs which have been applied by hand
to the individual bead g lume. Decorsted beads, as found in Africa, are
frequently wound and usually polychrame.

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

This report presents the résults of neutron activation enalysis.
This method of analysis of archaeological ceramics has been described in
detail by Perlman and Asaro (1969).

In the present context a brief explanation of the technique may be
helpful. Each bead is analyzed individﬁally. The bead, .r bead fragment,
is ground and mixed with cellulose and silicon dioxide or silicon metal.
It is pressed in a die to form a disc-shaped pill. This pill, along with
others, is subjected to two neutron bombardments in the.nuclear reactor
of the Nuclear Engineering Department of the University of California at
Berkeley, and the resulting gamma radiations are detected in the Lawrence
Berkeley Laboratory of the same University. The first bombardment is
brief, and the pills are analyzed immediately aftérward for short-lived
radioactive isotopes. The second bombardment is intense and lasts for
elght hours. After it, the pllls are set agide for a few days, then
analyzed for medium-lived isotopes, set aside again, and later analyzed
for long-lived isotopes.

The data fror the analyses are put directly onto magnetic tape.
Computer programs reed the data from the tape and calculaete the relatijre
abundances of the elements detected in the sample. The results can be
presented in seversl ways, but usually they are printed on paper, while
the gamma-ray spectra are printed on microfilm for reference and perma-
nent storege. The data on magnetic tape is permanently stored.

The elements are detected from their characteristic gemme redia-
tions, represented as peaks on a gamma-ray spectrum (Figure k). The mag-

nitude of the peak indicates the ebundence (amount) of the element. For
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every element, factors which enter the calculation of : ;s ebundance in

the sample include: the net number of detected decay events in the gemma-
ray peak(s) belonging to the element, the gamms-ray abundance (or, the
probability that the gamma ray will be emitted), the efficiency of thé
detector, the neutron flux during bombardment, the element's cross-section
for neutrons (or, the probability thet a neutron will be absorbed in the
elemental nucleus), the duration of bombardment, the time elapsed since
bombardment, the duration of the detection period, the half-life of the
element, and the weight of the sample. Wiih appropriate standards several
of the above factors cancel out. Complications can occur when radiations
from different sources have a similar energy, but these complications can
be recognized and corrected for.

The accuracy of the method rests largely on the use of standards.
One important standard is known as "standard pottery", developed and cali-
brated to include the elements normally encountered in pottery at appro-
_priate concentrations (Perlmen and Asaro 1969). This standard is eppro-
priate for man-made glass as well, since glass contains many of the ingred-
ients found in pottery.

The results of neutron activation analysis are supplemented by
results of non-destructive X~ray fluorescence analysis. This is the only
me-thicd by which ifead was nnalyzed for all tie specimens. The method hos
been deseribed by 3owmen et al. (1966, 1970). In this technique, X~rays
of variable known energy are directed at the sample. These X-rays stimu-
late X-ray emission Trom the elements contained in the sample. The emitted
X-rays are detected, and are used to identify the elements preseni end
calculate the amount of each (Figure 5). Again, the accuracy of the

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

Counting Error. This is the error given after each determination
of an element by neutron activation. Radioactive decay events occurring
in the irredisted samples are, obviously, counted by our equipment or we
would mot be able to tell the amount of an elément present. The statis-
tical error ir counting is given by the square root of the total number of
counts detected. Clearly the counting error is = minimum error, and it
¢oes not consider other sources of experimental error which may comtine
to make the true error larger than the counting error. The counting error
represents the precision of the elementel determinetion.

Roo% Meen Square Deviation. This error, gbbreviaeted RMSD, is also
known as the standard deviation. Ik 2ll menipulations of activation aneal-

ysis data, the RMSD is consistently calculated as

(X - %)%+ (T-%)° + (T-%)%,..., (- x)°

n-1

where xl, 7[2, X3,.. . ,Xn are the values being averaged, X is their mean,
end n is the mumber of samples being averaged. In suitable ceses the stand-
ard deviation of the .mean (standerd error) is used. It is calculated as
705 s Where o is the RMSD of the sample end n is the number of items in
the semble,

Thz error given with the results of X-ray fluorescence is not a
simple countinz error, but is a standard deviation taking into account all

anticipated exgperimental errors.



Choice of Elements

The elements presented in the tables differ from group to group,
that is, from table to tatle.. The reasons for these differences arise
from the following three considerations.

Precision. The analytical tebles present the results of neutroa
activation enalysis of all elements precisely determined. The definition
of precision which was adopted for consistent use is as follows. If,
within a set of results relevant to a particular investigation, such as
the heirloom bead investigation of Chapter 6, the counting error for a
particular element is greater than 20% of the concentration in one-third
or more of the samples, then that element is nmsidered imprecisely-
determined. This situation is almost always the result of an elemertal
concentration near or below the lower limit of detection by our method.
The actual identity of these elements varies.from group to group; these
imprecisely-determined elements are presented in the notes to each of the
tebles.

The lanthanide Series. In addition, it is desirable to avoiad

over-representation from the lanthanide series of elements (the rare
eartlis, or those elements from lanthanum to lutetium inclusive in the per-
iodic teble), bacause these elements tend to show common "vehavior" in
their occurrence. Therefore, when comparisons are drawn up as in Figure 6,
only two elements from the lanthanide series are 2ncluded. The two chosen
are those two precisely-determined elements which are furthest apart in
atomic weight. The actual identity of these varies from group to group.

The Glassmakers' Additives. When comparisons among our samples

are made that cross—cut color categories, such as in Figure 6, the colorants
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are left out of the comparison. This does not mean that they have not

been considered. The colorants and cther additives are considered at the
time of group formation. The. use of the glassmakers' additives must show

a consistent psttern for specimers to be placed in the same group. For
example, if a group conteins specimens opacified with tin, then an entimony-
opacified semple would not be admitted into the group.

Sample Designation

A straightfo:ward naming method was adopted to reflect the pro-
venience and identity of the samples in a name which would be brief, infor-
mative, and unique for each sample. The first three characters of the
sample name refer to the site or source and usuelly consist of the first
three letters of the site name. The following cheracters refer to identi-~
fying traits, such as particular localities on a site. Such characters
may be omitted. Lestly asre ordinal desiguatinns.

For example, s bead from Skeleton 26 at Bambandyeanalo would receive
~ the sampls name BAM-S526. If more ther one bead were anelyzed from that
skeleton, they may be named RAM-S26a, BAM~326b, BAM-S26c, etc. Further
subdivision may occur, e.g., BAM-S26al, BAM-326a2, BAM~Sz8a3, ete. To take
another example, a bead of Type L3 from Igbo Ukwu would receive the desig-
nation of IGB-L3. If more than one were analyzed, the designstions would
be 1GB-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 are plass 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 process of group formation must be summed up in one
word, that word would be “judgment”.

As a first approximat':io;.z. a beed grouping is suggested chiefly by
visual similarity, from the point of view of manufacture, and by evidence
of spproximate contempcoraneity. Very often such tentative bead groups
correspond to glass bead essemblages recognized ir the litereture, such
as the "Mapungubwe oblates". There must be an initial judgment of this
sort, or there would be nothing from which multiple samples could be taken.

Clearly a circularity in' reasoning can occur if samples are taken
fram an already visuslly-recognized assemblage and then are later "found"
to form a chemical group. However, in practice it frequently turns out
that samples originally =analyzed as members of & visually recognizable
group are split up into different chemical groups after analysis. We are
not the slaves of our first approximations.

As a rule of thumb, a chemical group must displsy likenesses in
mejor ingredients, in the.pattern 61‘ occurrence of glassmekers' additives,
in trace elements, particularly in peculiarities in trace elements; and it
must be distinct from all other such groups. In g=neral, a glass group dis-
plays considerable scatter in the composition of samples which belong to it.
This scatter is represented by the RMSD. The likenesses rea_gired by our
rule of thumb are not blindly seerched for, but are searched for in the form
of a central tendency in & group. Allowance is made for scatter. Despite
the scatter within groups, that is, the rather large RMSD's for each elemental

average, We are able to recognize a number of mutuslly exclusive groups.



When a group is resolved, or proposed, it is then possible to com-
pare a bead against it to see whether the single bead might match the group.
In this process of comparison we have adopted the following criteria of
mutching. The single bead must be the same type of glass as the group
(e.g., soda-lime glass, potash glass, or other), end the elemental concen-
trations of the single bead must fall within one standerd deviation of the
mean elemental concentrations of the group for two-thirds or more of the
elements. The remaining elements must show similarity to the group.

For example, the garden roller bead desigﬁated BAM-P18a (from
Bambandyanalo, Pit 18, our sample a) msy be compared ageinst the Group of
M beads (Chapter 5). The garden roller and the M, beads are soda-lime
glasses with similar concentrations of the major glass ingredients. The
elemental concentrations of BAM-P18a sgree with those of the M1 group
within one standard deviation for the following elements, as may be seen
from Figure 8 and Tuble 4: Al, Mn, Nz, Cu, Sm, Co, Sc, Fe, Yb, Ta, Sb,

Sn, Th, and Hf.

In addition, the remaining elements are similar and show no evi-~
dence that would render absurd the statement thatABAM—PIBa matches the N&
group. Thus, by the criteria we have adopted, the bead BAM-P18a matches
the group of l& beads. Material from this site is discussed in Chapter 5.

it is probably a truism to point out thet in comparisons the clas-
sificatory level of the groups under study plays an important role. If a
cherical group is exceedingly genersl and broad, then very many glasses
will mateh it. If a grcup 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.



PART ITI. RESULTS AND DISCUSSIONS
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CHAPTER L4. INTRODUCTION TO AFRICAN GLASS BEADS

Glass beads are found in sub-Saharan Africen archaeological sites
of the past two millenris, chiefly the second millennium A.D. Sites and
beads of this entire time spaﬁ are of interest to archaeologists, although
material from the nineteenth and twentietﬁ centuries is usually omitted
from archaeological consideration. The glass beads found in African arch-
aeological sites are considered to have been brought to Africa by foreign
traders.

In the study of African glass beads the main issue of interest has
been, and is, the origins of the beads. This is of interest, not for any
intrinsic value of the beads, but for the light which it may shed on Afri-
cén history and archaeology, as we stated in our opening chapter. TUlti-
mately, a knowledge of the origins of the beads mey shed light on trade
routes to and within Africa, and it may help to date beed-containing sites.
However, as pointed out before, little actual ground has been gained in
pursuit of these ultimate goals. The present research was carried out in
an gttempt to initiate & classification of the beads which may reflect
their origins and aid in the identification of these origins.

We have investigated problems which are somewhat unrelated to one
enother. Therefore éhe particular problems investigated are introduced
and presented separately in Chapters 6 through 9, with a summarizing survey
in Chepter 10. At the present time a brief general introduction is offered.

It has been said that sub-Saharan Africa is separated from the rest
of the wor%d by two seas: the sea of salt water that surrounds its coasts,
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



-39~

exchanged made their impressive Journéys worthwhile. Gold was a frequent
item of tré&e, as well es ivory, leopasrd skins, slaves, and other things.
In return, traders brought items needed or desired by Africans, such as
salt, clot.., and the glass beads under study in this investigation.

For many centuries the only two "shores" which sub-Ssharan Africa
presented to Lraders were the southern edge of the Sahara and the east
coast, facing the Indian Ocean. To the medieval Arabs, the zone south of

thz “=hara was known as bilad es Sudan, "the land of the blacks", while the

east coas’ wvas known as bahr el Zanj, "the coast of the blacks". These
names live on in "Sudan" and "Zanzibar".

It is not thought that regular andfrequent trade crossed the Sahara
in ancient times, but the stage may have been set in Roman times by the
introduction of the camel (Bovill 1958). It is usually thought thet 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). Islamic kingdoms grew up at the
southern termini of this trade (Bovill 1958).

After the Portuguese exploretion of the Atlantic coast of Africa
in the fifteenth century, traders began visiting West Africa by sea, and
the medieval Sanaran routes were gradually eclipsed in favor of sea routes
in the sixteenth =2nd subsequent centuries.

In East Africa, sea commerce existed by the time of the Periplus
A.D., describing navigation and trade in the Red Sea and beyond. Af that.
time, trade with the East African coast was dominated by South Arabians,

who in turn were dominated by the South Arasbian kingdow of Himyar (Mathew
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1963:95; Schoff 1912:28, 30, 34, 96, 106, 109). Afterwards, the power

and influence are thought tc have shifted to yet another kingdom of South
Arabian ancestry, this one logated in Ethiopia:‘ the kingdom of Axum.

This kingdom is thought to have dominated South Arabia and the trade to
East Africa from ebout the third to the seventh centuries A.D. (Schoff
1912:63, 96, 103; Freeman-Grenville 1962:5). However, pertinent documented
archaeological evidence'from such early times in northeastern Africa is
lacking.

The chief period of expansion of the trade to Xast Africa, as in
West Africa, corresponds to the Islemic era (see Chittick 1965, Mauny 1961,
Freeman-Grenville 1962). Beginning in the ninth to tenth centuries A.D.,
traders established entrepbt towns on the East African coast, where &
number of mosques were built in stone. To this day inhabitants of the
Arab-influenced coastal strip profess Islam and speak a language conteining
much Arabic voeabulary, although African in structure (Swahili).

There are a very few glass beads in subFSaharan Africa which may
antedate this medieval period. The earliest glass beads known are some
dozen which belong to the Early Iron Age in Southeast Africa (Summers 1967T),
an industrial complex associasted with radiccarbon dates ranging from the
second to tenth centuries A.D. (Summers 1967). These beads are very few,
and their significance is hard to weigh. In the present research we have
concentratéd on beads vwhich exist in larger numbers, such as the hundreds
or thousands. Once these beads are understood, it may be possible to form

an understanding of the rare earlier beads.
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Previous Investigations

Previous literature on African glass beads is very fragmented.
Past reports have usually beep rather straight-tforward descriptions of
beads and have usually been organized around specific sites or specifiec
sets of beads. Even the longer articles are subdivided in this manner,
s0 that, while they are comprehensive, they are not general (Beck 1931,
1937; Schofield 1938, 1942, 1958).

The important comprehensive treatments of the subject are those
of Schofield (1938, 1942, 1958). He divided the beads found in archaeolo-
gical sites in Southern Africa into three Series (1938, 1942). Later
these Series names were dropped, but the concepts remained intact in his
work (1958). The First Series largely corresponds to our Mapungubwe
oblate group (Chapter 6). The Second Series no longer has integrity as a
grouping. It is difficult to know exactly which beads Schofield included
in his Secoad Series, but it prohably corresponded in part to trade wind
beads (Chepter T) of small size. The Third Series correspords to eighteenth
end nineteenth century beads not the subject of this imvestigation.

Aside from the three Series, Schofield distinguished a variety of
other sets of beads, such as ancestral beads, beads of the East Coast, beads
of Malawi, and beads of the Zulu. These various sets and Series were never
satisfactorily related to one another in his work, and indeed they were
defined by different criteria: sometimes by use, sometimes by geography,
sometimes by appearance.

Other asuthqrs have addressed particular subjJects in African bead
archaeology, such as van Riet Lowe on besds of Mapungubwe (1955) or on heir-

loom beads (1937), Robinson on beads of Zimbabwe (1961), Shaw on beads of
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Igbo Ukwu (1971) and many others. Schofield (1938, 1942, 1943, 1958),
Beck (1931), Laidler (1934), and van Riet Lowe (1955) all gave accounts
of documentary mentions of beads with respect to Southern Africa.

These particularistic studies, and others, are treated in the
eppropriate chapters below, where we present summaries of the literature
as relevant to the problems we investigated. A general classification,
for further testing, is proposed in Chapter 10.

A persistent feature of the African bead literature has been
attempts to identify beads known archeeologicelly with beads known fram
documents. Sﬁch a procedure can rarely yield defensible identificetions
because the documentary descriptions are ambiguous and incomplete. Mc ~
over, it is rare that, solely on the basis of archeeological evidence,
beads can be placed in contexts plausibly relevant to the documents.

If, for example, we should find by some means that the Ml beads
of Bambandyenelo belong to the early si“.xteen.th century (1), only then
would it be proper to ask whether they may be identified with blue trans-
parent {(eristalina) glass beads of Venice mentioned in Portuguese docu-
ments from Sofala of.the period 1498-1508 A.D. (Lobato 1960:45) and only
then would it We proper to ask if the approximetely eight million beads
which van Riet Lowe (1955:3) estimated were imported inte Africa from
Sofale during Jjust one sample year, 1508-1509, might have something to do

with the millions of beads at Mapungubwve.
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CHAPTER 5. MAPUNGUBWE AIID BAMBANDYANATLO

Introduction

The closely neighboring sites of Bambandyanalo (Ka) and Mapungubwe
lie in the Limpopo River valley of the Republic of South Africa (Figure 11,
Chapter 7). Discovered and excavated in the 1930's, the sites are described
by Fouché (1937), Gardner (1963), Fagan (196L), and others. Excavations
presently being carried out may fill in some of the remsining gaps in our
knowleGge of these two related sites.

Mapungubwe is situated on a hilltop, vhile Bambandsyanalo lies at
its foot about a kilometer awsy. On the basis of stratigraphy, artifact
content, humen skeletal mcrphology, and radiocarhqn dating, Bambandyanalo
is thought to be akin to the Rhodesian Iron Age Industry Leoperd‘s Kopje,
phase 2 (Robinscn 1966, Summers 196T) and to correspond more or less to
Zimbabwe phase 2 (Period II). The major, or rich, haebitation at Mespungubwe
is thought to correspond to Leopard's Kople phase 3 end te Zimbabwe phases

3 (Period III) and 4 (Period IV), but more especially to phase 3 if we may
Judge by the beads. Evidence for phase 4 at Zimbsiwe itself is quite thin.
Thus, Bambandyanalo pre-detes Mapungubwe.

A radiocarbon date from "Beagt Burial"® No. 6 {B.4, 8.6) at Bam-
bandyanalo gave the result 1050 * 65 A.D. (Y¥-135-17) (Fagan, 1964 and 1965),
and the corresponding phase 2 at Zimbabwe is thought to date between
330 + 150 A.D. (M-193, Summers et al. 1961) and 1075 * 150 A.D. (M-91k,
Fagen 1965). TFor brevity, these Ffirst and third dates immediately above

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

2'l'he so-called beast burials are humen burials containing fregments of

bovids.
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emphasized that the dates actually span sapproximately the early tenth to
early thirteenth centuries in onme case (M-91L) and the late tenth to early
twelfth certuries in the other case (Y-135-17). These "eleventh century"
dates mark the border, or transition, between pheses 2 and 3, both in the
Limpopc River valisy sequence unde: discussion, and at Zimbabwe.

The radiocarben dates associated with the major habitation at .
Mapungubwe are 1420 * 60 A.D. (Y-135-9, Fagan 1965) and 1380 = 50 A.D.
(Y-135-64, Fagan 1965). At Zimbebwe the corresponding phase 3 is “framed"
by radiocarton dates of 1075 % 150 A.D. (M=514, Fagan 1965) and 1L4kL0 * 150
A.D. (M-915, Fagan 1965). An additional date, stratigrasphically between
M-9ik and M-915, gave a consisteat result, 1390 * 90 A.D. (5R-47, Phillip-
son 1970). These dates asre consistent with others obteained for the Iron
Age in southern Africa; and we shall return to the subject of rediccarbon
dates below.

Part 1. Mapungubwe

Description of Beads

Mapungubwe is said to have yielded millisns of gless beads, clearly
mass-producéd- Prominent among beads from that site is a series of small
cene beads which has come to be known as the Mapungubwe oblate series.
These beads are typically oblete, and we shall sometimes call the series
the "oblates", but cylindrical forms do occur. The beads are sbout 1-L mm
in length and 3-6 mm in diameter. Extremely nunerous, f£illing numerous
Jars and boxes, they occur in the common colors of glass, particularly in
biue-green, green, yelluw, dull orange (amber), black, and cobalt blue.
Indian red is rare or absent. Clear colorless has been observed ty the

guthor in rare cases. The Munsell equivalents for the colors are:
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blue-green, No. 53G,6/T; yellow, Ho. SY,7/10; orange, No. 10YR,5/6; cobalt
blue, No. T7.5FPB,3/11; end zr=i:n, No. 5GY,5/6. |

This series of small beads, mostly oblate but with a small percen-
tége of cylindricel beads, is visually indistinguishable from a serieé
found in phase 3 at Zimbabwe (Test I, layers 10-1k, Robinson, 1961a), =
fect which has been previously noted (Robimson, 1961b). In part of what
follows we provisionally assume that the series found st Zimbebwe is "the
same” as thet found at Mapungubwe whence came all our samples. The results
of X-ray fluorescence analysis of beeds from this series from Mapungubwe
and Zimbebwe, presented in Teble 1, sre entirely consistent with this
assumption. With this assumption it is poasible_ to allow information from
Zimbabwe to add to the small smount ¢f satisfe~ ory information available
from Mepungubwe, 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 111.,'3 are shown adjacent to beads from
Renders Ruinh at Zimbabwe. These beads from Reuders Ruin are the "larger
oblates...matched by those from the [Mepungubwel Grave area" (Schofield
1958:202). The appearance of these beads is like that of phase 3 oblates
from the 1958 excavations of Surmers and Robinson, except that muny samples

.om the 1958 excavations are smaller than those in the photograph in P’ate

I. Exarples from the 1958 ei.cavation are shown in Plate II.

3Buria.l 1k is @escribed in Fouché 1937:126, 149-151, and its location is
shown on & map following p. 163,
the Renders Ruin excavetiom was cerried out in 1943 by Goodall. The cir-

cunstances of the recovery of the beads ere 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 lowe 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 anslysis of a number of beads from
the Mapungubwe oblate series, as recognized visually, are presented in
Table 1. The beads came from Skeleton 1 ¢t 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, particulerly 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 »>ther, but the results are consistent with this Judgment.

Nineteen samples from Mapungubwe, all from Skeleton 14, were sub-
Jected to neutron activation analysis, the results of which are presented
in Table 2Zb. Table 2c¢c gives one béad from the Mjelele Valley burial of
Rhodesia (see Chapter 6).

An estimate of the Pb content of the beads, by color, is given in
the notes to Table 2. This estimate was reached by X-ray fluorescence
analysis of grouped samples of oblate beads from Skeleton 1k gt Mapungubwe,
no% necessarily the same samples that received neutron activation analysis.
Discussion

The Mapungubwe Chemical Group. It is apparent from Table Za that

chemical resemblznces exist among the beads analyzed from Skeletcn 1% at

Merungubve. These recerblances 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 Chemical Group I.

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

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

A zobalt blue oblete from Skeleton 1L wé.s analyzed (Table 2a,
notes). Because of the tiny weight of the sample (4.8 mg) we do not place
confidence in the quantitative results, but certain qualitetive traits are
clear. The bead is a soda-lime glass, colored with cobalt, and not con-
taining sufficient manganese, tin br antimony to indicate intentional inclu-
sion of any of these elements as a glassmakers additive. Visual inspection
of the numerous Jars and boxes full of oblates from Mapungubwe revealed
many cobslt blue exampies. However, we cannot show tim.t any cobalt blue
bead belc.:ngs in the Mapungubwe Chemical Group, because the one sample we
analyzed is simply too small to give relisble results. All the cobalt blue
oblates at our disposal looked comparably tiny, and therefore we did not
analyze further beads of this color.

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

into the Mapungubwe Chemical Group I. Although it resembles the other
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blue-green beads visually, the bead MAP-18 (Table 2a and Figure 6) is
slightly different from them chemicelly, having been made without the major
additive tin. There are other chemical differences as well, of & sort
wnich suggest a different coloring recipe and perhaps a slightly different
set of raw material. This sort of veriation might be reasonable to expect
in one factory since glassmakers aim at & visual result rather than a
chemical composition. This bedd is omifted 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 Qccurrence of Beads Matching the Mapuneubwe Chemical Group at

Bembandyanalo. Comparison of some small beads from Bambandyanalo (Table

2b) with the Mapungubwe group indicates that some samples from Bambandyenalo

chemically match the Mapungubwe Chemical Group. The three from Skeleton 18

were oblate in shape, and the two from Skeleton 21 were short cylinders

(a 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 i;to it.”

Figure 6 shows the mean concentration, with the root mean square
deviatioﬁs, of the precisely determined elements in the Mapungubwe Chemical

| Group I. In Figure 6 this mean concentrstion is compared with the concen-

trations (with counting errors) of eight individual beads from

5It is curious that the three purple beads from Bambandysnalo contain tin

in an additive range of concentration (average " 0.2%). Tin is usually an

opacifier, and yet these beads are very transparent.
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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 ere compared with the mean elemental concentrations of the
Mapungubwe oblate group, eech bead cgrees with the group for over two-
thirds of its elements. That is, the elemental concentrations fall within
or overlap the group concentration distributions in over two-thirds of the
elenents for each bead. One would not expect more than two-thirds of the
elements to fall within renges defined by.standard deviations (our root
mean square deviation), and therefore by this test each black bead from
Bambandyanalo fits into the Mapungubwe Chemicai 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 irclusicn in the group.
The fifth black bead, BAM-S18a, is barred from the Chemieal Group by its
drematic 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 sguare
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 purpie beads from
Bermbandyanalo. 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
lapungubwe Group as nmuch as the black beaﬁs do.” Similarly, the bead MAP-18

differs from the Group.
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Of the nearly LOO beads that we have anulyzed by neutron activa-
tion, we have found only one other bead that resembles the Mapungubwe
Cremical Group as much as do the black beads from Bambandyanalo. This is
& single black reheated cane bead (MJE-15b), short—cylindricel in shape,
from & burial in the Mlelele Valley df Rhodesia, which is thought to date
from the eighteenth or ninefeenth 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 diemeter. Although this bead may belong to
the Group, it is excluded on aécount of its dissimilarity of size. We
think it advisable to wait to see if more such beads may be found from
this burial before meking a final Judgment.

The finding that some beads from Bambandysnalo matech beads from
Mapungubwe confirms earlier judgments made or 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 semples 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 M, 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, cven in L¥2 and Z2. These first occurrences are at Bambandyanalo,
as discussed immediately above, and at Zimbabwe, where the oblates typical
of 23 oceur in & lower laeyer which belongs to Z2 (Test I, layer 1k).
As previously pointed out, the border between LK2-LK3 and Z2-Z3

hes been given approximately eleventh-century dating, by radiocarbon dates

it Bambandyanzlo, at Zimbabwe, and at other sites. The oblates at Zimbabwe
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that occur in the leyer belonging to Z2 were found stratigraphically below
the layer tha® yielded the eleventh-century rediocarbon date (Test I, layer
13). It thus. appears that the eafliest occurrence of these oblates is
eround the beginning of the seecond 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. TFor example,
the absence of the use of b 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 ebsence of
Indian red is probably due to fashion rather than to manufacturing ability.

The distribution of these oblates is limited. Their main occur-

' rences are at Mepungubwe and Zimbabwe. No such series has come to light
on the East Coas%. The oblates are appropriately dated to have been dis-
tributed by Arab traders, but possible Arab distribution does not prove
Areb menufacture.

It is rather surprising to find such beads as the Mapungubwe ohlates
in contexts datable in their earlier portions to e¢. 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,
hoth at Mupungubwe and Zimbabwe, snd one of the radiocarbon dates (M-915,
1440 * 150) spans virtually the entire sixteenth century, which brings us

into the period of Kuropean discovery.



A later dating is less surprising than the eleventh century dating.
If the earlier dating is truly a.pi:lica‘ble to the beads it would be of very
great interest to find the center where such manufacture was carried out
e;ﬁ such an early date. Moreover if the dating is correct it is interesting
to find a possible member of the Chemical Group in & 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 (Ka) site is best known in its aspects as s
burial site, having yielded approximately seventy separate human burials.
The anstomical traits of the skeletons place the populaticn in a Khoisan
phenotypic grouping (Galloway 1959), a group which 1s associated with
several IK2 sites (Summers 1967, Robinson 1966).

Meny of the burials conta.inéd gless beads, which were exceedingly

similar from burial to buria.l.6 The skeletons and associeted finds are

6Ma.ny criticisms have been directed at the excavaetions of Bambendyanalo

end their documentation, to the extent that it mey be doubted whether the
beads wei-e truly associsted ﬁth the buried skeletons. There is every
likelihood that the associations 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.

Bambandyanalo is the only presently-known site in Africa where the M1 beads



individually described by Gardner (1963:40-51). The main type of besad
present was a small transparent to tramslucent blue-green (v No. 7.58BG,8/5)
reheated cane bead, as shown in Plate IIIwhich has come to be recognized |
" as a stylistic type (Gardner 1963, Lowe 1955, Robinson 1961, Schofield
195¢, and personal observations). This type is here designated the M1
type, & designation adopted from the excavator, Gardner, but restricted
in meaning to only the small transpﬁa.rent.to translucerit reheated cane
cylinders and short cylinders, and perhaps é. few nbletes (compare Gardner
1963:33)-

Like the Maspungubwe oblates, the M'.L beads have & limited distribu-
tion. Their main occurrence is at Bambandyanalo. A few dozen occur in .
phase 2 at ZimbabWET; a few occur at Mapungubwe; judging by published
descriptions two occur at lLeopard's Kopje (Robinson 1966), one occurs at
the Gokomore Tunnel Site, and one, bearing the label "Sofela" exists in
the collection of the late Dr. van der Sleen. The Ml type does not in-
clude the blue-green snapped cenes found in LK1 and IK2 sites {Robinson

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

s(continued) occur in lurge numbers. The gite does not eppear to represent
a long period of cultural develomment, and the Ml beads may be virtually
contempox_'a.ry with one another regardless of their association or lack of
same with particular skeletons. |

Tone designation "Ml" 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 suthor, who

saw 211 but one of the thirty-nine beads excaveted from layer 1Lk, noted no
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Besides the beads of M1 type other beads were present with the bur-
ials and in éther parts of the ;ite. Included among these were the so-
called garden roller bead;.

There is evidence that the gardcn roller beads were made onnthe
site of Bambandyanalo. This evidence consists of clay ring-like objects,
found at Bambandyerelo, interpretable as molds for the garden roller beads,
plus possible firing pits at Bambandyanslo (Gardner 1963:7-8). Ven 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 rollcer hbeads, the latter being formed by the melting and rework-
ing of N& beads. Some.qualitative spectrographic analyses gave results
consistent with that hypothesis (van Riet Lowe 1955:11).

Results

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

Results of neutron activation anelysis of Mi beads from Bambandy-
analo are presented in Table 4a. In Tsble 4b 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 among them. This small disagreement has
little effect on the present discussion since the bulk of the Mi beads
at Zimbabwe (which the author does confirm) ceme from Test IX. The two
vwhich the suthor analyzed by X-ray fluorescence (Table 2) are rather

large examples of the N& type.
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Discussion

Ml Beads. The X-ray fluorescence presented in Teble 3 are consis-
tent with the previous usual observation that the Ml beads of Bambandyanslo
are the same type of bead as the "blue-green transparent cylinder" of
Zimbabwe (Robinson 1961b), and, by extension, IK2 sites generally.

The Manufacture of the Garden Roller Beads. Our results cannot

prove that the actual site of manufacture of the garden roller beads was

ur was not Bumbandyanalo, but they can be used to judge whether or not the
glass of the garden roller beads matches éhat of the Mi beads, as it ought
to if the former were made from the letter. Our results are also relevant
to the guestion of whether or not any other beads besides the Mi beads
might have been included in the gerden roller beads. Mapungubwe yielded

a large number of blue-green oblate beads, and without chemical analysis

it might seem reasonable to suggest that the Mapungubwe oblates may have
been vsed in the gerden roller beads. This might be suggested despite

the fact that the occupation of Mapungubwe is considered to have been later
than the occupation of Bambendyanslo, in the interest of thoroughness, and
in view of the fact that Mapungubwe oblates are found on burials in Bamban-
dyanalo (Part 1).

The following line of reasoning shows that the garden roller beads
belong to the same chemical group as do the M1 beads. When the elemental
concentrations of the individual garden roller beads, with counting errors,
ere compared against the mean concentrations, with standard deviations
(root mezn =zguare deviation), of the elements in the M1 group, each garden

roller bead agrees with the Ml.group for over two-thirds of its elements

(Figure 7). One could not expect a higher percentage than about two-ihirds
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to fall within a range defined by a standerd deviation, and therefore by
this test the garden roller beads may be considered indistirguishable
from the M1 beads.

If the mean concentrations for eggh element, with standard devia-
tions, are computed for the gerden roller beads a; a unit and compared
with the means for the M1 bead group, the mean concentrations agree within
their standerd deviations fof all 15 elements. Moreover, it can be shown
by calculation that the two groups agree within the standard deviations
of the means (standard error) for ten of the fifteen elements. This behav-
ior is consistent with what may be expected for two sets of samples from
the same larger population (Young 1962:92-97).

For the above reasons, then, the garden roller beads are Judged to
match the M beads chemically. Indeed of nearly L0O beads snalyzed as a
part of this study no other beads resemble the Mi beeads as closelyAas do
the garden roller beads. This finding is consistent with the hypothesis
that the garden roller beads were made from melted‘Mi beads.

While the garden roller béads match the M1 beads on comparison,
they do not bear such a resemblgnce to the Mapungubwe Chemiéal Group I.
When the mean elemental concentrations for the garden roller beads are
compared sgeinst the mean concentrations for the Mapungubwe Chemical Group,
the values, within their standard deviations, disagree for seven of the
fifteen elements (Figure 8). In particular, the Mapungubwe Group has a
high mean tin concentration, whileAthe N& and garden roller beads 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 closely than they resemble the Mapungubwe oblates (Figure 8), it
might be suggested that the garden roller beads could have been made from
2 mixture of M1 anéd Mapungubwe oblate beads. We do not detect such a
ﬁixture, on thepbasis of the following considerations.

One of the most dramatic dif:erences between the Ml and Mapungubwe
oblate blue-green beads is in their Sn content. I the garden roller beads
contained very many blue-green tin-containing Mapungubwe oblates, like
those anelyzed here, then the tin content of the garden rollers would be
higher than the tin in the M1 beeds. As little as 3% Mapungubwe teads
would be detectable, since this amount would give the garden roller beads
" 0.05% tin, which is more than one standard deviation higher than the M1

mean for tin (Sn):

(97 * 0.03% San)+(3 © 0.76% SnMa)

= 0.05% Sn .
100 GR

However, no such elevation of tin content is observed in the
garden roller beads (Table kb).

Our samples ylelded one blue-green oblate bead from Mapungubwe,
designated MAP-18 (Table 2), which did not show a high:tin content. Is it
possible that a number of beads like MAP-18 may have been included in the
garden roller bteads? Again we detect no contribution of beads from Mapun-
gubwe. In this case, the limit of detection is " 30% beads like MAP-18,
and the clue is an expected dilution of the element uranium. Omitting the
six highest uranium values, which are unusually high, the averzge uranium

in M, beads 21.9 * 4.0 ppm. The uranium content of MAP-18 is 1.69 * 0.CT

ppm. I many bends like MAP-18 were mixed with the M1 beads to form the
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garden roller beads, one would expect a dilution of uranium in the garden
roller beads. Thirty percent beads like MAP-18 and 70% beads having 21.9
ppm uranium would give the garden rollers 15.9 ppm uranium, which is more

than one standard deviation less than the mean urenium (U) in the Ml beads

(30 ¢ 1'69 PPm UMAP—].B) + (70 * 21'9 Ppm UMl)

lo0

However, we detect no such dilution in the garden roller beads.

On the basis of the foregoing, the inference is masde that beads
from the Mapungubwe Chemical Group I were not used in the manufacture of
the garden roller beads from Mapungubwe and Bambandyanalo. The hypothesis
that it was the Ml beads of Bambandyanalo which were used to make the

garden roller beads is borne out by our analyses.

Subgrouping Within the M1 Beads. In order to test the hypothesis
that garden roller beads match Ml beads, it was appropriate to consider
as one group 2ll the Ml beads that we have anglyzed. These 29_ beads form
a chemical group which is ¢learly separsble from all other beadé we have
enalyzed except from the five gafden roller beads that we analyzed.

It is possible to discern some subgroups of M1 beads, which,
however, are of no use at the present time. They are merely notable. The
major subgroup contains thirteen beads from Skeleton 43 (BAM-Sk3a through
-Sh3m, Table 4). These thirteen beads form s "tighter" group than is
formed by the larger group of twenty-nine M’.L beeds. Left over are three
beads from Skeleton 43 and thirteen beeds from Skeleton 45. Some of these

sixteen left over beads combine into a few other small subgroups.
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When our pre-anelysis records were reviewed in the light of our
results, no'notes were recorded for the thirteen beads from Skeleton 43
which would have segregated them from the other Ml beads on a visual basis.
All 29 M1 beads appeared to be nearly as alike in appearance as possible
with conventional glass head mass-production techniques (as done in the
nineteenth and twentieth centuries). Although there were slight varistions
among the M1 beads, these seemed to be the random varistions found in s
mass-produced item and not variations produced by design and recognizable
irndependently to different archeeologists. The thirteen beeads 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. M1 lengths and dlameters were spproximately 2-3
mm. The thirteen beads were very transparent, as were gll other Ml besads
except four.

Therefore we feel that it is not possible on the basis of appearance
to divide the M1 beads into groups that correlate with chemical groups.

In other words it is not possible to predict the chemicel grouping of the
beads on the Sasis of small varietions in their a.ppearance.8

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.T ppm).
There may be some kind of relationship between the uranium concentration

and the translucency, but nothing of thls sort has been established.
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date of Bambandysnalo and of the border between Z2 and Z3 at Zimbsbwe.

The problem, if we may anticipate subsequent chapters slightly, is this:
in terms of their ingredients, these Ml beads of the Middle Iron Age
(Summers 1967) show a strong resemblance to the trade wind beads of the |
Later Iron Age, discussed in Chapter 7. This resemblance might be inter-
preted to mean that the Ml beads and the trade wind beads are of the same
manufacture even though there is é. substantial chronological span involved.

If this is true then we face the possibility that glass beads of
the degree of resemblance displayed by the uranium-bearing beads might have
been made over centuries, a much longer time span than was previously felt
to be reasonsble. If bead groups or families of groups can span such a
long time, then they may not be as useful an archaeoclogical tool as had
sometimes been envisicned. For a bead group to be useful archeeologicelly,
especlally in dating, it should reflect a pgriod of manufacture consider-
ably shorter than the time span of the a.rcha.éological entity under investi-
gation. Similar consideratlions apply to the time span of the Mapungubwe
oblates as well.

On the other hand, if bead groups cannot span such a long time,
then there must be errors in the dating of at least some of the sites at
which the uranium-bearing beads occur. Such an eventuslity may have far-
reaching implications in the southern African Iron Age sequence, which is
dotted with radiocarbon, ceramic, and documentary dates consistent with
those that have come into the discussion here.

A re-examination of southern African archaeologicael dates mey not
be warrented on the basis of the Ml beads alone, since they are not indub-

itably stratified in a pre~"eleventh century" time span. At Bambandyanelo
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one might raise questions concerning the adequacy of the excavations and
the relevance of the radiocerbon date, since the semple which was dated
was obtained some twenty years after the orilginal excavatlons (Fagen 1964).
At Zimbabwe, most of the M1 beads occur in Test IX, from which no radio-
carbon-dated materials was obtained. Althougﬁ.Test IX yielded artifacts
distinctive of Z2, it is possible that the bgads do not belong with the
artifacts, for the deposit was not sealed, and the excavator has expressed
some doubts along this line (Robinson 1961b). At Leopard's Kopje itself
({LK2) only two such beads, judging by descriptions 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 archaeologicel dating
may not be warranted on the basis of any Ml beads or of any evidence from
Bambendyanalo, there are other sites where trade wind beads indistinguish-
able from those of the Portuguese period occur in stratigrephically pre-
Portuguese time levels with more certainty than do the Ml beads in the sites
discussed here. The present discussion of Bambandyanalo has provided a con-
veniently simple context in which to introduce a thofny dating problem, to
which we shall return in Chapter 7.

Chapter Summary

This investigation has found one chemical group of beads consisting
of Mapungubwe oblates, and enother consisting of M1 beads. Beads metching
the Mapungubwe Chemical Group occur in burials at Bambandyanalo {Skeletons
18 and 21). Sanples ol garden roller beads from Bambandyanalo and from

Mapungubwe match the M1 Chemicel Grecup.
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In oui discussions we have assumed - thet the bead groups here dis-
cussed cross-cut sites. In this._particular case there is general agree-
ment with our assumption that the Ml beeds and oblates of Bambandyanaslo
and Mapungubwe are "the same" as similar beads at Zimbabwe.

With this assumption it has been possible to bring interpretative
evidence from Zimbabwe to bear cn'the beads from Bambandyanslo and Mapun-
gubwe, sites for which much of the presently-svailable information is not
satisfactory. In particular, the approximately eleventh century dating
of the M1 beads at Bambandyapalo is confirmed by similar dating from
Zimbabwe. Tnerefore it is not possible lightly to dismiss such early
dating when, enticipating slightly, it is found thai chemicslly the Ml
beads resemble the trade wind beads, a group found in Portuguese sites.

A rather thorny problem in the dating of sites and beads is introduced

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



Table la. Glass Beads from Mapungubwe:

X~-ray Fluorescence Analysisa

Color Mn Fe Cu Zn Sr Zr
bleck < 0.3 2.6 £ 0.1 0.18 % 0.0k < 0.1 0.04 £ 0,01 0.01
green < 0.3 1.0 £+ 0.2 0.6 * 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

+ 0.2 0.06 * 0.02 < 0.1 b . b

yellow 0.3 + 0,1 1.0

Br11 deta 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 emount of As. All samples
consisted nf several beads.

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



Table la. concluded
Color Sn Sv Ba Pb Shape Provenience
black n 0.007 < 0.02 0.05 * 0.01 0.02 obl. Skeleton 14€
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 1k4€
yellow 0.8 * 0.2 < 0.02 0.06 + 0.01 6.3 * 1.0 obl. Skeleton 14°€

®see Fouché 1937:126, 149-151, map following p. 183.

9l
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Table 1lb. Glass Beuds from Zimhabwe, Acropolis:
X-ray Fluorescence Analysis&
Color Mn Fe Cu Zn Sr Zr
black < 0.1 0.5 * G.1 0.12 + 0.03 0.02 0.03 " 0.005
" < 0.1 0.5 * 0.1 0.1% 0.03 0.03 0.03 " 0.005
" < 0.1 0.7 ¢+ 0.2 0.03 0.03 0.0k + 0.01 0.01
" < 0.1 0.5 *.0.1 0.03 0.03 0.03 0.01
" < 0.1 0.5 # 0.1 0.02 0.03 0.0k + 0.01 " 0.005
" < 0.1 0.h ¢ 0.1 0.03 0.02 0.0k £ 0.01 0.01
" < 0.1 0.5 £ 0.1 0.02 0.03 0.03 0.01
" < 0.1 0.5 % 0.1 0.02 0.03 0.0k + 0.01 0.01
blue-green < 0.1 0.6 £ 0.1 0.43 £ 0.08 0.03 0.04 + 0.01 0.01
" < 0.1 0.5 + 0.1 0.48 * 0.08 0.03 0.0 + 0.01 0.01
orange 0.3 £ 0.1 0.7 £ 0.2 0.04 £ 0.01 0.6 £ 0.2 b b
" 0.4 £ 0.1 0.7 + 0.2 0.07 + 0.02 0.5 *+ 0.1 b b

All data ere given in percent.

All specimens were analyzed for (o, As, Rb, and Sb.
lay below the limits of detection, which were 0.05% Co, 0.03% As, O. 01% K5, and 0.005% Sb.

These elements
The Pb

Comtent in the two orange specimens was too high to allow detection of As and Rb in small amounts.

All samples consisted of single beads.

b

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

=-Ll-



Table 1b. concluﬁed
Color Sn Ba, Pb Shape Provenience No. ¢
black < 0.005 0.06 £ 0.01 0.02 cyl. A3, No. b9 midden L4561
" A 0.005 0.06 ¢ 0.01 0.02 obl. " "
" 0.015 + 0.005  0.05 * 0.01 0.03 " " "
" ~ 0.008 0.06 + 0.01 0.02 u v "
" a 0.006 '0.05 + 0.01 0.02 " Test 1, layer 14 58413
" "~ 0.006 0.05 + 0.01 0.02 cyl. " "
" " 0.005 0.06 %+ 0.01 0.02 obl. Test 1, layer 12 58390
" 0.010 % 0.003 0.05 £ 0.01 0.02 eyl. " "
bvlue-green 0.8 0.1 0.06 * 0.01L 0.9 £ 0.2 " Test 1, layer 10 58356
" 0.9 ¢ 0.1 0.06 * 0.01 0.9 0.2 obl. o "
orange 2.1 * 1.3 0.06 + 0.01 10, t 2. " " "
v 1.h £ 0.2 0.06 + 0.01 +1.0 cyl. " "

6-5

Cpccession number in the National Museum of Rhodesia.

The firet four beads were recovered in the

excavetions of 1929 (Caton~-Thompson 1931), and the others were recovered in the excavations of
1958 (Summers, Robhinson and Whitty 1561). :



Table lc. Glass Beads from Zimbabwe,. Renders Ruins:
X~-ray Fluorescence Ana.lysisa

Color Mn Fe Cu Zn Sr Zr
black 0.05 * 0.02 0.8 + 0.2 0.13 # 0.03 0.01 0.05 + 0.01  o.01
green ' <0.1 0.7 * 0.2 0.6 * 0.1 <0.01 0.05 * 0.01 0.01
orange 0.5 * 0.1 1.0 £ 0.2 0.0k 0.45 * 0.10 b Db
yellow 0.8 * 0.2 0.9 £ 0.2 0.03 0.07 * 0.02 b .. b
cobalt blue 0.05 * 0.02 1.1 % 0.2 8.0k % .01 0.01 0.04 * 0.01 :3 0.01

®A11 date are given in percent. The cobalt blues specimens contained §5.07 * 0.02% Co and 0.06 % 0.02%
As. All other specimens contained less than the 1imit of detection of 0.05% Co. The black specimen

contained less than the limit of detection of 0.03% As. For the green, orange, and yellow specimens

the Pb ccontent was too high to determ’ne the As content. All specimens contained lsss then the liwit
of detection of 0.013 Rb. All samplées ronsisted of several beads.

b
Pb content teo high to gllow detection of small amounts of thls elament.



Table lc. concluded

Colox Sn Sb Ba Pb Provenience

bluck 0.07 + 0.02 <0.01 0.05 + 0.01 0.09 + 0.03  No. 59/kk,22 )

green 0.8 0.2 ~0.01 0.06 + 0.01 0.8 + 0.2 No. 59/44,3 van
orange 1.3 0.2 <0.01 0.06 = 0.01 8.8 *1.2 No. 59/u44,18 Riet Lowe
yellow 0.9 *0.2 <0.01 0.06 *+ 0.01 6.5 % 1.0 No. 59/bk,1k collection®
cobalt blue o.‘oz + 0.01 <0.01 0.05 + 0.01 0.03 No. 59/L4L,20 4

cSpeeimens donated by Goodall to the van Riet Lowe bead collection, 1944k, The collection is in the

Department of Archaeology, University of the Witwatersrand.
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Table 2a. Mapungubwe Oblates: Neutron
Activation Analysisa’b
Samnle Color Al (%) Mn®
MAP-16 blue-green 2.87 + 0.71 411 &+ 23
MAP=-21 u 5.97 £ 0.31 439 + 16
MAP~19 " 3.39 ¢+ 0.23 423 ¢+ 15
MAP-17 " 2.73 + 1.01 417 + 24
MAP-20 " 2.53 £ 0.70 371 +194
MAP=27 greei '3.12 + 0.26 418 %122
MAP-28 " 2.84 + 0.41 379 +144
MAP-25 orange 2.49 £ 0.18 3,352 *129
MAP=-26 " 2.14 £ 0.23 2,165 +124
MAP=23 yellow 3.39 + 0.40 2,383 = 46
MAP-24 " 3.93 ¢ 0:61 2,169 ¢ 43
MAP-11 black 3.55 + 0.28 387 + 16
MAP-13 " 3.54 + 0.26 535 & 27
- MAP-10 " 2.91 & 0.16 388 & 13

MAP-12 " ‘2780 + 0.39 484 + 19
MAP-14 " 3.28 + 0.31 498 32
MAP-15 “ 4.59 + 0.52 408 * 34
Mean and RMSD® 3.18 t 0.62 428 + 50°
MAP-18 blue=green 2.76 £ 0.13 417 t 15




Table 2a. continued
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Samvle Color

Na (%) Cu U
-16 bl-gr 13.16 + 0.12 6,123 + 152 1.35 & 0.10
-21 " 13.64 + 0.13 17,351 + 177 1.00 &« 0.11
-19 " 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 + 0.1l
-28 " 9.67 + 0.10 8,659 * 192 0.81 &+ 0.12
-25 orange 11.28 + 0.12 b 0.88 + 0.11
-26 " 10.64 + 0.11 b 0.64 + 0.11
-23 yellow 12.47 + 0,12 b 0.40 * 0.06
-24 " 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 RM3D 12.16 + 1.17 - 0.82 = 0.22
MLP-18 blogor 12.95 + 0.12 6,985 + 152 1.69 % 0.07
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Table 2a. continued

Samole Color Euf Ba sm®

-16 blegr  0.455 + 0.073 517 + 38 1.518 ; 0.028
=21 " 0.533 + 0.080 457 + 41 1.542 + 0.032
=19 " 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 + 0.070 353 + 36 1.379 + 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 + 36 1.233 + 0.030
~23 yellow 0.288 + 0.042 283 + 22 0.794 + 0.018
-24 " 0.512 + 0.060 478 + 31 L.453 + 0.025
~11 black 0.315 + 0.041 320 + 22 1.231 + 0.017
-13 " 0.363 + 0.052 317 + 26 1.158 + 0.022
~10 " 0.372 + 0.03%2 297 + 16 1.047 + 0.012
-12 " 0.419 x+ 0.043 302 + 22 1.396 + 0.018
-14 " 0.461 + 0.053 340 + 31 1.746 + 0,058
=15 " ©0.580 &+ 0.074 515 : 40 1.812 = 0.033
Mean and RKSD 0.461 + 0.132 403 + 85 1.389 *+ 0.249
~-18 bl-zr 0.877 + 0.061 170 + 24 3.661 + 0.027
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Table 2a. continued

Samnle Color Co Sc Fe (%)
-16 bl-zgr 3.85 £ 0.72 3.67 * 0.07 1.04 £ 0.08
~21 " 4.86 £ 0.48 3.67 £ 0.05 1.05 + 0.06
-19 " 5.05 £ 0.52 2.72 £ 0.05 1.02 + 0.06
=17 " 3.88 £ (.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 z 0.05
-26 " 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% £ 0.19 2.78 £ 0.04 0.74 * 0.03%
-13 " 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 + Q.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 t 0.57 0.86 +0.14
-18 blezr 79.67 + 1.18 7.59 + 0.08 2.46 *0.06




Table 2a. continued

Samnle Color Ce Yb Ta

-~14 bl-gr 17.0 ¢+ 2.0 1.45 + 0.31 0.388 + 0,016
=2 " 20.0 £+ 1.4 1.69 +0.21 0.378  0.010
-19 " 17.6 + 1.5 1.26 + 6.22 0.371 &+ 0.011
=17 " 17.8 + 1.4 1.43 £ 0.22 0.941 : 0.012
-20 " 15.2 + 2.1 1.06 * 0.34 0.381 z N.016
-27 green 16.3 + 1.3 1.37 + 0.21 0.406 + 0.010
-28 " 17.1 + 2.1 1.47 +0.32 0.381 + 0.015
=25 orange 14.4 *# 1,7 1.00 %z 0.25 0.444 : 0.012
-26 " 15.9 + 2,0 1.15 #0.28 1.199 : 0.015
-23 yellow 8.4 + 0.9 0.43 + 0.13 0.211 + 0.007
-24 " 17.3 + 1.3 1l.15 ¢+ 0.16 0.449 : 0.010
=11 black 14.9 + 0.7 0.73 £ 0.1C 0.329 : 0.007
=13 " 15.4 ¢+ 1.1 0.82 & 0.16¢ 0.313 : 0.011
~-10 " 12.4 + 0.9 0.6% + C.08 0.267 + 0.005
~-12 " 15.1 + 0.7 1.00 : 0.11 0.867 + 0.008
-14 " 21.6 * 1.4 1.31 +x0.20 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 + 0.33 0.52 +0.28

-18 bl-gr 33.4 £ 1.3  1.%4 +0.20 2.159 : 0.01%
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Table 2a2. continued

Sample Color sv° Snb'c Cr

=16 bl-gr 111.7 =+ 5.8 7,040 & 39 42.7 + 4.3
«21 " 125.2 + 6.4 9,440 : 32 41.0 + 3.0
=19 " 131.2 + 6.8 74634 + 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
-23 yellow 18.9 =+ 1.2 3,815 * 19 17.0 + 1.8
=24 " 40.9 =+ 2.3 .T,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 =z 1.5
-14 .o 9.7 + 0.8 b 58.9 + 2.9
=15 " 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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Table 2b. Beads from Bambzndyanzlos
Neutron Activation Analysisa’g

Samole Color A (%) . Mn©

BAM-S18a black 2.90 + 0.74 387 = 28
BAM-318b " 2.54 + 0.60 530 + 21
BAM=-518c " 1.98 *+ 0.76 472 + 19
BAM=S521a " 2.52 +0.25 554 + 18
BAM=-S21h " 3.73 * 0.63 581 + 23
BAM~S29%1 vourole 3.84 £ 0.32 13,738 = 197
BAM=-§29b2 " 4.25 * 0.55 15,079 + 231
BAM=-529b3 " 4.39 + 0.93 14,074 + 411

Table 2c. Beads from Mjelele Valley Burial:
Neutron Activation Analysis2rh

Samvle Color Al (%) MnC

MJE-15b black 3.1% ¢+ 0.16 610 :+ 18
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Table 2b. continued
CyE

Samvle Color Na (%) cu 1]
-5185 black  13.44 & 0.12 g 1.19  0.09
=518b " 13.17 + 0.12 g 1.11 + 0.07
-S18¢ " 13.52 & 0.12 g 0.62 + 0.06
-521a " 12.98 + 0.12 g 0.75 + 0.07
-521b " 12.96 + 0.12 g 0.63 + 0.08
=529b1 obpurole 10.00 &+ 0.10 g 1.28 + 0.12
-829bh2 " 11.45 + 0.12 g 1.29 £ 0.13
Tsble 2¢. continued

Sample Color Na (%) cut'P u

-15b black 12.06 £ 0.05 h 1.19 * 0.06
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Table 2b. continued

Samnle Color Euf Ba Smf
~518a black 0.465 + D.043 3795 ¢ 24 1.746 + 0.029
=318b " 0.465 = 0.041 441 * 24 1,602 + 0.023
-318¢ " 0.472 +* 0.032 462 * 19 l.404 + 0.018
-521a " 0.421 £ 0.040 423 + 23 1.522 * 0.02%
-521b " 0.498 * 0.045 451 * 25 1.571 = 0.027
-S29b1 ournle 0.540 * 0.089 631 * 48 1.833 & 0.03%3
-3529b2 " 0.481 ¢+ 0.099 741 £ 5% 2.071 = 0.039
=329%3 " 0.312 £ 0.116 602 % g2 2.161 = 0.046
Table 2c. continued

Samnle Color Euf Ba Smr

-15b blilack 0.284 + 0.126 432 + 48 1.459 * 0.020
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Table 2b. continued

Sample Color Co Sc Fe (%)
—5188 blac,l{ 4-42 t 0u26 4;0!3 i‘ 0505 1-10 i Ouo4
~-318b ” 3.65 £ 0.13 3.86 * 0.03 0.8¢ + 0.02
-518¢ " 4.66 £ 0.18 3.42 £ 0.03 0.83 + 0.03
-3212 " 8.92 +0.30 3.87 * 0.04 0.83 * 0.03
-3521b " 11.49 * 0.37 3.64 t 0.05 1.10 £ 0.04
=329b]1 nurvle 14.26 + 0.57 4.49 * 0.07 1.12 £ 0.05
-529%02 " 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 2c. continued

Samole Color Co Sc Fe (#)
-15b blzck 8.59 = 0.30 3.48 Q.04 1.01 ¥ 0.03




Table 2t.

continued
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Sample Color Ce Tb Ta

-318a bl=ck 19.0 # 1.1 1.12 = 0.11 0.859 * 0.012
-3518b " 19.0 * 0.5 1.00 * 0.05 0.471 = 0.005
-318¢c " 16.9 + 0.6 0.81 £ 0.06 0.378 % 0.006
-321a " 18.2 * 0.8 0.89 % 0.08 0.605 * 0.008
-3521b " 16.4 £ 0.9 1.12 £ 0.09 0.717 £ 0.009
~-5329b2 " 27.7 * 1.8 1.63 £ 0.26 0.807 * 0.018
-329b3 " 29.8 + 2.2 2.25 *0.31 1.211 * 0.023
Table 2¢. continued

somonle Color Ce Yb Ta

~15b black 17.0 £+ 0.9 0.71 % 0.08 0Q.357 % 0.008




Table 2b. continued
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Sampnle Color Sb°

Snc Og

Cr
~3183 black 3.0 + 0.3 g 259.3 ¢+ 3.8
-318b " 1.2 + 0.1 g 37.5 + 1.1
—SlBC " 106 t 001 g 33.2 * 1-3
-5218 w 3.6 + 0-3 g 39.8 + 1-7
-521b " 8.0 =+ 0.5 g 42.8 + 1.9
-329v]1 ourole 12.7 * 1.0 1,849 + 21 45.1+ 2.9
-529b2 " 13.7 ¢ 1.1 1,977 * 26 60.4 ¢ 3.5
Table 2c. continued
Samrle Color Sb th Cr
-15b black 7.1 % 0.5 h 34.8 2.2
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Table 2b. concluded

Samnle Color Th Hf zn®
-518s black 12.15 *+ 0.15 3.29  0.33 72 + 8
-318b " 6.90 £ 0.07 2.46 * 0.16 45 + 4
~S518c " 4.41 £ 0.07 2.23 + 0.19 48 + 5
-321a " 8.39 + 0.11 2.50 + 0.24 48 = 7
-S21b " 8.50 + 0.12 2.85 + 0.28 51 ¢ 8
=529b1 ournle 21.12 + 0.24 3.54 + 0.43 343 * 16
-529b2 " 29.15 + 0.31 3.12 + 0.52 235 + 19
=-3529b3 " 35.01 ¢ 0.39 3.54 + 0.61 349 * 22
Table 2c. concluded

Sample Color Th Hf Zn
-15b black 1.92 +0.10 2.40 £ 0.25 58 * 7




Notes to Table 2

All results are given in ‘parts per milllon unless otherwise indicated.
Imprecisely~determined elements (defined in Chapter 3) are excluded
from this Teble. The following are imprecisely-determined elements
for which & mean concentration (with root meen squere deviation) could
be determined for the Maspungubwe Chemical Group: Ca, 8.05 + 3.14%;
c1, 1.132 *+ 0.407%; Dy, 7.13 * 5.87 ppm; Ag, for blue-green, 4.6 t 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 % 0.10 ppm; Cs, 0.62 * (.26 ppm; La, 6.32

+ 3.15 ppm; Im, 0.10 + 0.04 ppm; As, 73.7 + T1.8 ppm; N4, 4.3 + 3.3 ppm;
Mo, 3.1 + 2.5 ppm; Ho, 0.9 % 0.5 ppm. The following are imprecisely-
determined elements for which epproximate upper limits of abundence
for the Mapungubwe Chemical Group could be estimeted. The approximate
upper limit is given with an estimated representatj.ve counting error:
Sn, where not used as en additive, 200 £ 15 ppm; Cu, where not used as
an edditive, 600 * 200 ppm; Mg, 3.0 * 3.0%; V, 50 * 50 ppm; K, 2.0

+ 1.0%; Sr, 0.04 * 0.04%; Ga, 300 + 200 ppm; In, 5 + 5 ppm; Ag, for
black, 0.7 1.3' ppm; Ir, 0.020 * 0.010Q ppm; Hg, assuming none is lost
in the reactor, 0.4 * 0.6 ppm; Ni, 50 * 20 pym; Rb, 60 * 20 ppm; and
W, 4.0 * 4.0 pom. A cobalt blue bead was analyzed by neutron activa-
tion, bwits tiny weight (4.8 mg) does not allow confidence in all the
results. However, the upper limits of concentration of the following
elements of pcssible interest are: Na, 11.3 + 0.1%; Mn, 434 # 54 ppm;
Cu, ~400 ppm; K, 4.1 + 1.7%; As, 2558 + 364 ppm; U, 1.7 * 0.3 ppe;

Co, 2134 + 22 rom; Se, 5.2 + 0.4 ppm; Fe, 1.6 + 0.2 ppm; Sb, 9 * 2 ppm;
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Sn, £ 200 ppa. Pb was determined by X-ray fluorescence analysis on
grouped samples of oblate shaped beads fram Mspungubwe, Skeleton 1k,
with the following results: black, 0.02%; blue-gréen, 0.1 to 1.0%;
green, 6.7 + 1.0%; orange, 10.0 * 2.0%; yellow, 6.3 * 1.0%; cobalt
blue, <0.1%.

Glassmeker's additive, or an element possibly correlated with a glass-
maker's additive. Such elements are used in comparisons where appro-
priate.

Root mean squere deviation (see Chepter 3).

A base-line mean, calculated from the specimens in which this glass- '
maker's additive is apparently not in use.

Element omitted from comparisons to aveoid over-representation from the
lanthanide series. |
Imprecisely-determined clements are excluded from this Table. For the
three purple beads, elements for which a mean concentration could be
determined are (with roct mean square deviation): Ca, 3.62 * 3.02%;
Cl, 0.T% * 0.19%; Dy, 4k.52 * 17.5T7 ppm; T, 0.30 * 0.06 ppm; Cs,

1.73 ¢ 0.67 ppm; La, 11.11 + 0.94 ppm; Iu, 0.24 + 0.05 ppm; N4, 9.3

* 1.4 ppm; Mo, 22.57 + 10.16 ppm; Ho, 2.13 + 1.72 ppm. For the three
purple beads, elements for which approximate upper limits of abundance
could be determined are (with an estimated representative counting
error): Cu, 350 * 230 ppm; Mg, 5.0 *+ 5.0%; V, 100 * 150 ppm; K, 4.0
+ 1.5%; Sr, 0.04 * 0.0k ppm; Ga, 300 * 150 ppm; As, 100 * 90 ppm; Ag,
3+ 2 ppm; Ir, 0.005 + 0.010 ppm; Hg, assuming mone is lost in the
reactor, 0.5 * 0.8 ppm; Ni, 70 # 35 ppm; Rb, 40 * 20 ppm; and W, 12

+ 4 ppm. Pb was determined by X-ray fluorescence enalysis on grouped
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purple samples, with the result 0.5 * 0.1%. For the five black beads,
elements for which a mean concentration could be detefmined are (with
root mean square deviation): Ca, T.03 * 2.70%; C1, 1.06 + 0.24%; Dy,
3.52 + 0.93 ppm; Tb, 0.21 * 0.02 ppm; Cs, 0.80 * 0.12 ppm; La, 8.95

+ 1.09 ppm; Lu, 0.112 * 0.029 ppm; N4, 6.i * 2.9 ppm; Mo, 4.90 + 2.33
ppm; Ho, 1.09 * 0.29 ppm. For the five black beads, elements for which
approximate upper limits of aﬁundance could be determined are (with an
estimated representative counting error):. Cu, L0OO * 150 ppm; Sn,

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

+ 600 ppm; Ga, 250 * 100 ppm; As, 70 * 70 ppm; Ag, 1.0 #+ 1.0 ppm; Ir,
0.010 # 0.006 ppm; Hg, assuming none is lost in the reactor, 0.0l

+ 0,40 ppm; Ni, 30 £+ 20 ppm; Rb, LO + 15 ppm; and W, 1.2 + 4.0 ppm.

Pb was determined by X-ray fluorescence on grouped black samples, with
the result < 0.04%.

For MJE-15b, the imprecisely—determinediresults, 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; Ium, 0.095 * 0.055
ppm; Nd, 5.2 + 6.2 ppm; Mo, 2.8 * 1.5 ppm; Ho, 1.3 + 0.5 ppm. Elements
for which upper limits can be stated are: Cu < 600 ppm; Sn, <400 ppm;
Mg, < 3%; V, < 70 ppm; K, < 4%; Sr, < T0O ppm; Ga, $ 200 ppm; As,

< 6 ppm; Ag, < 1 ppm; Ir, < 0.007 ppm; Hg, assuming none is lost in the
reacfor, < 0.7 ppmy Ni, € 35 ppm; Rb, < L0 ppm; W, < 2. ppm; Pb, as

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



Table 3a.

X-ray Fluorescence Analysis

Beads of Ml Type:

8

Fe Cu Zn Rb Sr Zr Sn Sb Be Pb U
1. 1.0%0.2 0.k9 £ 0.06 <0.01 0.01 0.03 0.06 * 0.01 0.019 * 0.00k 0.002 0.06 * 0.01 0.05 b
2. 0.8 0.2 0.62 t0.07 <0.01 0.01 0.03 0.06 + 0.01 0.021 + 0.004 0.00k 0.06 % 0.01 0.05 b
3. 0.9%0.2 0.k2 +£0.05 <0.01 0.01 0.02 0.05 # 0.01 0.033 + 0.006 0.003 0.06 * 0.01 0.10 £ 0.03 b
k. 0.8 0.2 0.23 +0.04 <0.01  0.01 0.02 0.06 * 0.01 0.026 + 0.005 0.002 0.06 * 0.01 0.06 b
5. 0.8 £0.2 0.26 + 0.0k <0.01 0.01 0.02 0.03  0.01 0.07 * 0.02 ~0.004 0.06 + 0.0l 0.06 % 0.02 b
6. 0.7+0.2 0.5 % 0.1 <0.01 0.01 0.02 0.03 * 0.01 0.018 + 0.004 ~0.00% 0.06 + 0.01 0.03 b
T 0.7 +0.2 0.16 £ 0.04 0.03 "0.01  0.02  0.04 £ 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 <.005 0.04 % 0.01 0.17 * 0.04 e

b
®flements not detected (with 1limit of detection): Mn (0.1 ); Co (0.05); As (0.03). All data are given in percent.

bNot. detected.

cDetected.

Many of these samples were analyzed by neutron activation analysis (Table 4).
tration in beads of Ml type analyzed by neutron activation wes 34 ppm. This emount is near the expected threshold
of U detection by the X-ray fluorescence method used.

Th.e mean U concen-



Table 3b. Identification of Samples

Number of Beads

Zimbabwe Acropolis, T. IX, below 24" (NMR 58705)

" " ” "

Provenience in Sample Shepes
1. Beambandyanalo, K.S. No. 45 (Block 3, Strip 4) 6 eyl.
2. " " ol 5 "
3. " " . in cyl. and obl.
k. " " " 4 eyl.
5. " K.S. No. L3 . " 29 obl.
6. " " " eyl.
7.
8

1t

-66-
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Table 4a. Ml Beads: Neutron Activation Analysisa’b
Samople Al (%) 1 (%) Mn
BAM-843a 4.24 £ 0.21 0.75 &+ 0.17 256 + 16
BAM-S43b 4.95 + 0.38 0.78 £+ 0.20 279 * 26
BAM=-543c 3.93 £+ 0.52 0.97 £+ 0.20 267 * 27
BAM~-S43d 5.53 ¢+ 0.39 0.82 + 0.22 262 + 22
BAM-S43e 4.45 *+ 0.20 0.50 *+ 0.18 263 + 21
BAM-S43f 4.94 + 0.57 0.65 % 0.24 262 t 26
BAM-S43¢g 3.82 ¢+ 0.31 0.89 % 0.25 263 % 16
BAM-543hL 4.50 + 0.49 0.66 * 0.23 239 * 15
BAM=-S43i 3.77 + 0.66 0.70 * 0.24 254 * 16
BAM=543 ] 4.25 + 1.23 0.53 % 0.29 253 = 21
BAM=-543k 4.22 + 0.27 0.3% * 0.31 251 t 22
BAN=-S5431 4.20 * 0.21 0.41 % 0.24 229 % 17
BAM=S43m 4.09 * 0.41 0.44 * 0.31 242 * 23
BAM-S43n 3.89 * 0.54 0.22* 0.29 168 * 23
BAM-S430 5.82 £ 0.88 0.79 % 0.35 475 % 29
BAM=-S43q 3.39 £ 0.31 0.66 * 0.21 242 * 12
RAM=-S45a 5.04 £ 0.25 0.66 * 0.23 279 * 22
BAM~S450b 5.76 + 0.31 0.71% 0.2 332 * 22
BAM-S45¢ 4.73 £ 0.25 0.68 % 0.18 324 * 21
BAM-S45d 4.09 + 0.26 0.64 * 0.26 224 * 18
RAM=S4hH0e 4.22 £ 0.34 0.6B * 0.27 285 * 03
BAM-S45F 3.61 £ 0.38  1.70 * C.24 485 % 21
BAM=-S45g 4.68 + 0.61 0.97 * 0.30 323 i 26
BAM=S45h 3.2%3 ¢+ 0.935 1.12 * 0.32 336 * 34
BAM-~545i 4.59 £ 0.33 0.38 * 0.26 219 * 27
BAM-S45 3.92 * 0.46 0.88 * 0.30 258 % 32
BiM-S45k 4.82 + 0.43 1.08 * 0.23 394 * 26
BAM~S5451 .31 £ 0.65 0.65 % 0.26 319 * 30
BAM=S45m 4.45 + 0,89 1.22 t 0.25 384 % 31
tican and R%3n® 4.36 + 0.67 0.74 * 0.30 89 * 72
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Tabhle 4a. continued

(7]

Samole Na (%) 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
-843c 14.76 +0.14 3,355 t 155 19.14 *0.21
~-S434d 15.15 £0.15 3,742 * 172 16.5C £ 0.21
-S43 14.76 +0.14 3,338 + 151 17.79 *0.20
-S43f 15.41 +0.15 3,724 * 187 19.56 % 0.25
-S43 14.61 +0.14 3,392 * 170 21.33 + 0.24
=343h 14.85 +0.14 3,426 * 153 20.22 +0.21
-543i 14.76 +0.13 3,470 * 150 20.48 *0.21
-S43 14.54 *0.14 3,298 * 182 19.60 * 0.24
-S43k 14.78 +0.15 3,271 ¢ 203 18.63 * 0.26
-S431 14.85 +0.14 3,098 ¢ 154 19.81 * 0.21
-343m 15.02 +0.15 3,784 * 198 18.70 * 0.25
~343n 11.69 +0.12 9,297 * 218 26.04 *0.30
-343p 14.5€¢ £0.15 6,873 .&£ 237 24.30 *0.31
-S43q 13.71 +0.12 5,581 * 148 25.11 *0.23
-S45a 14.52 +0.15 4,831 % 192 67.19 *0.55
-545b 13.42 +0.13 5,568 * 184 23.53 t0.27
~S45¢ 12.99 :0.12 5,023 % 149 21.97 *0.22
-5454d 14.09 +0.14 5,110 * 184 41.19 %0.36
-S45e 12.97 +0.13 8,169 * 209 33.40 *0.33
«-545f 11.27 +0.11 4,807 * 172 122.74 *0.80
-S45g 15.56 +0.14 6,848 * 226 27.96 %0.31
-=344h 1%.24 40,14 9,570 *+ 245 27.0% t0.%%
~-5451 12.54 +0.1% 6,905 * 201 23.2% 10,28
~545 ] 14.24 +0.15 7,127 * 224 23.84 *0.29
-S45k 11.70 :0.12 3,179 * 156 84.85 *0.:8
-5451 11.46 :0.12 2,791 = 172 82.24 *0.59
=S44Hm 11.60 +£0.12 2,875 * 169 84.65 *0.60
Mean, RMSD  1%.81 :1.27 4,852 2,168 34.04 126.88
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Table 4a. continued

Samnle Sm Co Sc
-S43a 4.246 * 0.048 4.40 = 0.30 3.59 + 0.05
~S543b 4.266 * 0.059 5.34 + 0.32 3.85 £+ 0.05
-S43c 4.300 + 0.058  4.41 + 0.30 3.69 : 0.05
-3434d 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
~S43f 4.288 + 0.067 5.58 = 0.44 4.11 £ 0.07
-843¢g 4.196 t 0.054 5.17 + 0.40 3.82 + 0.06
=343h 4.276 = 0.049 5.37 + 0.35 3.76 + 0.05
=-343i 4.122 * 0.048 5.45 + 0.36 3.72 £ 0.05
-S43] 4.388 * 0.055 5.60 + 0.38 3.98 z 0.06
-S43k 4.407 * 0.060 5.49 + 0.49 . 4.00 : 0.08
-5431 4.200 = 0.049 5.44 + 0.32 3.80 + 0.05
-543m 4.605 % 0.059 5.70 £ 0.46 3.93 + 0.07
=543n 6.393 + 0.072 13.82 + 0.63 4.12 * 0.07
~S43p 3.93%7 + 0.068 6.38 + 0.61 4.22 + 0.09
~S543q 3.902 £ 0.0%0 4.95 + 0.32 3.71 + 0.05
-S458 5.870  0.140 6.34 + 0.44 5.70 * 0.07
-545b 2.951 + 0.068 5.08 =+ 0.38 6.32 + 0.08
-S&5¢ 2.839 = 0.057 4.65 + 0.29 5.94 + 0.06
-3454 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
-345% 3.892 : 0.178 6.69 + 0.55 4.32 * 0.07
-S45g 4.647 £ 0.C68  7.28 + 0.58 4.82 +0.08
-345h 4.507 +0.072  7.26 + 0.60 5.13 *0.08
-5451 7.786 :0.068 18.02 + 0.64 3.55 *0.06
-845] 6.240 £ 0.068  4.56 + 0.39 4.21 *0.07
=545k 4.055 +0.08  7.07 + 0.35 4.70 +0.05
=5451 4.3%8 +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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Samvle Fe (%) Yb Ta

~543a 0.89 + 0.04 1.40 +0.12 0.47 + 0.01
=543b 1.03 £ 0.04 1.55 % 0.13 0.46 & 0.01
=S4%c 1.05 £ 0.04 1.39 *0.12 0.38 + 0.01
-543d 0.90 * 0.05 1.49 *0.17 0.44 + 0.02
=S543%e 0.97 * 0.04 1.42 *0.12 0.3%7 + 0.01
~S43f 1.04 £ 0,05 1.42 + 0.17 0.44 = 0.02
-S43g .16 £ 0.05 1.57 *+0.15 0.56 % 0.02
-S4%h 1.04 £ 0.04 1.76 *0.13 0.43 * 0.01
-343i 0.95 * 0.04 1.55 * 0.13 0.41 * 0.01
=543 1.03 £ 0.04 1.43 * 0.14 0.45 * 0.02
-343% 1.01 * 0.06 1.33 % 0.19 ©0.43 * 0.02
-S431 1.00 £ 0.04 1.45 % 0.12 0.40 * 0,01
-S43m 1.03 £ 0.05 1.25 *#0.18 0.49 * 0.02
-543n 1.07 £ 0.05 1.66 * 0.19 0.44 * 0.02
-S43%0p 1.15 *# 0.07 1.48 * 0.23 0.46 * 0.02
-S543q 0.9% + 0.04 1.72 + 0.12 0.42 * 0.01
-345a 1.09 £+ 0.05 2.53 £ 0.19 0.74 * 0.02
-545b 1.14 £ 0.05- 1.69 + 0.18 0.78 * 0.02
-545¢ 0.99 + 0.04 1.18 # 0.13 0.72 % 0.01
-5454d 1.11 £ 0.06 1.25 + 0.18 0.63 * 0.02
-345e 1.56 * 0.07 1.54 * 0.21 0.63 £ 0.02
-545¢f 0.96 £+ 0.06 1.26 + 0.19 0.57 * 0.02
-S45g 1.29 + 0.07 2.03 *# 0.2 0.66 * 0.02
-545h : 1.16 + 0.07 1.70 £ 0.22 0.61 * 0.02
-545i1 0.76 £+ 0.05 2.77 * 0.8  0.57 *.0.02
=545 0.93 £ 0.05 2.48 * 0,20 0.80 * 0.02
-345k 1.16 £+ 0.04 1.61 *0.13 0.56 * 0.01
~-3451 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

Samnle Sb Sn Th

-343a 16.7 + 0.9 431 + 19 38.18 + 0.30
-543h 18.6 * 1.1 439 + 20 %6.76 + 0.31
-S43c 18.0 * 1.0 436 + 19 37.03% z 0.31
-343d 19.2 * 1.2 493 + 26 40.48 :+ 0.39
~343e 18.2 * 1.0 485 * 20 38.48 :* 0.32
-S43f 18.0 * 1.2 435 + 27 38.74 + 0.39
-S43g 21.0 * 1.4 480 * 16 31.17 * 0.30
~-543h 20.0 * 1.3 479 * 14 30.49 z 0.27
-S43i "28.9 * 1.7 485 = 14 28.83 + 0.26
-S43 j 22.4 * 1.4 489 + 15 29.74 + 0.28
-S43k 22,0 * 1.6 477 £ 21 29.11 + 0.34
-S5431 21.2 ¥+ 1.3 461 * 13 31.18 ¢ 0.25
-S43m 20.5 * 1.4 490 * 20 32.93 * 0.3%4
-343n 18.3% * 1.4 99 + 21 44.55 * 0.41
=-34%p 70.0 + 2,1 133 + 25 28.27 + 0.39
~343q 17.6 1.1 76 + 12 24.78 * 0.23
-S45a 22.8 * 1.4 297 + 30 70.35 % 0.54
-345b 15.6 £ 1.0 145 + 25 49.86 * 0.44
-S45c¢ 16.6 + 0.9 174 + 19 44.32 = 0.35
~S454 29.0 + 1.9 399 z 18 18,20 ¢ 0.29
~545e 18.6 * 1.4 208 & 22 20.62 * 0.34
~545f 22.7 + 1.6 255 + 20 24.02 * 0.33
-S45g 35.9 + 2,3 190 + 22 29.68 = 0.37
-~$45h 3%5.C 2,2 168 + 23 27.10 * 0.37
-3451 6.6 1.7 334 ¢ 19 31.82 % 0.33%
-S453 5.2 0.8 16% + 94 23.67 % 0.32
-545%k #1.1 £ 1.3 250 + 13 21.98 * Q.23
~-5451 11.5% * 0.8 116 + 16 16.96 % 0,24
~545m 19.7 £1.3 259 + 16 22.69 * 0.27
Mean, RM3D 1.1 +6.0 322 +149 2.4 ¢ 10.9
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Table 4a. concluded

Samnle & HT 2n
-S43a 0.446 +0.081 11.103: 0.42 119+ 9
-S43)b 0.%44Y % 0.082 10.76 + (C.45 124 9
-S43c 0.611 *0.080 10.77: 0.45 117 9
-543d 0.540 * 0.107 12.07: 0.56 118 + 12
-S4 %e 0.544 *0.081 9.54 + 0.43 97+ 9
-S43¢ 0.401 *0.111 10.31: C.56 102 ¢ 13
-543g 0.506 % 0.099 9.64 + 0.49 122 £ 11
-S43h 0.376 *0.087 12.50+ 0.50 126 * 10
-5431 0.251 *0.084 10.94+ 0.46 108 * 10
-547%3 0.410 *#0.092 11.65+ 0.51 107 ¢ 11
-S43k 0.493% *0.116 10.62 + 0.60 92 t 14
~-5431 0.395 % 0.078 .46 + 0.41 105t 9
-543m 0.179 *0.113 12.11 ¢ 0.58 121 * 13
-543n 0.763 ! 0.124 12.22 + 0.60 42 t 13
-S43%0 0.394 * 0.1%7 7.46 + 0.64 133 t 17
-543q 0.570 * 0.077 7.42 + 0.39 38+ 8
~S452 0.517 * 0.132 21.92 + 0.78 103 * 12
-S45b 0.48% *+ 0.116 24.86 + 0.84 38 ¢ 11
-S45¢ 0.444 * 0.089 14.70 + 0.54 41 * 8
-845d 0.300 * 0.105 8.48 + 0.55 117 * 14
-345e 0.543 % 0.122 11.21 ¢ 0.68 82 * 15
-S45¢€ 0.38% + 0.114 8.98 + 0.61 127 * 14
-S45g 0.414 +0.128 13.67 & 0.71 88 * 15
~S45h 0.584 % 0.128 12.37 + 0.70 79 * 15
-345i C.908-%0.105 19.37 &+ 0.74 207 * 14
-545j 0.757 *+0.109 22.53 + 0.85 22 * 10
—545k G.380 *0.075 11.11 + 0.48 124 * 9
-5451 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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Table 4b. "Garden Roller" Beads: Neutron Activation
Analysisa’f
Samole Al (%) c1 (#) Mn
BAM-P18a 3.8% + 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

Mezn and KMGD 3.75 +0.26 0.87+ 0.22 231

1+

35




-107-

Table 4b. continued

Samnle Na (%) 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 10.48 +0.10 5,055 + 94 95.11 * 0.58
-GRX?2 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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Table 4b. continued

Samole Sm Co Se
-Pl8a 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 £ Q.16 3.48 £ 0.03
-GRX]. 4. 129 + o- 149 5996 * 0018 4:115 t 0003
~GRX2 3.018 + 0.078 5.83% ¢+ 0.16 3.59 *0.02
Mean, RMSD 4.22 *0.72 5.31 £ 0.79 4.07 £0.84
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Table 4b. continued

Samople Fe (%) Yb Ta
=P1l8a 1.09 £ 0.02 1.53 * 0.05 0.534 * 0.004
-P1l8%Y 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 1.5%3 * 0.06 0.561 * 0.005
-GRX?2 0.82 * 0.02 1.25 * 0.05 0.656 * 0.005
Mean, RMSD 1.01 * 0.16 1.65 * 0.55 0.57 % 0.14
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Table 4b. continued

Samole Shb Sn Th

-P18a 20. + 0.8 211 £ 8 23.34 * 0.14
-P18b 14.3+ 0.6 112 *+ 8 53.40 * 0.29
-1 12.2+ 0.6 62 + 10 33.81 £ 0.21
~GRX1 19.8+ 0.8 285 * 10. 29.43 * 0.19
~GRX2 21.2+ 0.9 359 * 8 24.21 * 0.15

Mean, RMSD 17.5% 4.0 206 122 32.8 t12.2




Table 4b. concluded

Sample To° Ht 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
Mean, RMSD 0.489 + 0.118 11.69 £ 5.94 111 + 31




d.

Wotes to Table 4

All results are given in parts ver million unless-

otherwise indicated.

- Imprecisely-determined elemente (defined in Chap-

ter 3) are omitted from this Tzble. Tor the
following elements, a mesn concentration in the Ml
grouo (with root mean square deviation) could be
determined: Ca, 4.83 t 2.82%; V, 106 = 55 pom;

As, 45 * 40 opm; Ag, 4.7 % 1.7 ppm; Cs, 2.1 * 0.6
opm; EBu, 0.72 *0.23 pom. Avpvnroximate upper limits
of abundance were estimated for the Ml grouv for the
following <lements (given with an estimated reore-
sentative counting error): Mg, 3.0 * %2.0%; K, 3.0

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

In, 4 £+ 4 oim; Ir, 0.010+ 0.008 oom; Hg, assunming
none was lost in the reactor, 0.2 £0.8 vem. Pb
was determined by x-ray fluorgscence of grouped
samvles with the following results: Ml beads,
Skalanton 4%, <0.08%: M bendu, Skeleton 45, < 0.13.4.
Glagssmzkers' =mdditive. '

Root mean square deviation (se=e Chavter 3)}.

Elem=znt omitted from comparisons based on this Tsble
in order to avoid over-revresentation from the

lanthanidez series.



-113-

Imnrecisely-determined elements (defined in Chawo-

ter 3) erc omitted from this Table. Those for

which a mean concentration could be determined smong
the five garden roller besads are (with root mean
square deviation): Ca, 3.6 *1.2%; V, 83 + 49 oon;
As, 82 *44 nom; Ag, 4.1 + 0.4 opm; Ts, 1.1 * 0.2 ppm;
Bu, 0.561 * 0.09 pom. For the following elements
upper limits of zbundance in the five garden roller
beads are given (with estimated representative
counting error): Mg, 3.0 + 1.5%; K, 3.0 + 1.0%;

Sr, 400 + 500 pvm; Ga, 200 + 80 ppm; In, 5.0 * 5.0 D-m;
W, 5.0 +2.0 vom; Ir, 0.003 + 0.003 vpm; Hg, assuming
none was lost in the reactor, 0.10 + 0.20 vpm. Pb
was determined by x-ray fluoreéscence of individual

samples, with the result < 0.10%.
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CHAPTER 6. HEIRLOOM BEADS
Introduction

Certein glass beads are reported to be regarded as heirlooms by
members of the Zollowing Tramsvaal tribes: the Vende of the Zoutspansberg
and Pietersburg districts (Stayt 1931b:26; ven Riet Lowe 1937:368), the
Iovedu of the Pietersburg and Letaba districts (Krige and Krige 1943:236;
ven Riet Lowe 1937:368; Steyt 1931b:27), the Pedi of Lydemburg district
(ven Riet Lowe 1937:368; Schofield 1958:193), and the Phelabora west of
Kruger National Park (Krige 1937:36%) (Figure 9). They are known as
"ancestral" beads becsuse they have a connection with the psst among the
ghove peuple, and we shell call them heirloonm beads. They do not occur
among beal@s of the Zulu except wvhere, among the Ndebele near Potgietersrust,
they were said to have been taken from the Vends (Schofield 1958:195; Dicke
1937:408). Stayt (2931b:27) reports thet they may have once occurred smong
the Kaeranga of Rhodesia, and the evidence presented here would indicate
that this is a credible possibility. .

On fﬂé‘basis of both appearance and.éheﬁical ingredients the heir-
loom beads mey be divided into two series, which we name Series A and Ser-
ies B. The present research has found that Series A belongs to a group of
beads found in Middle and Later Iron Ase archaeological sites in southern
Africa, that is, it belengs to the Trede Wind Bead Chemical Group discussed
in Chapter 7. The other Series has not yet been related to any large chem-
ical group of beads.

The heirloom beads, which are discoid in shape, show a perticular

resemblance tcwards discoid beads from two archaeological sites in



115~

—— ]

[
RHODESIA \
~
R
U Ty /
:
5 Swlo Dhio 4 )
- o . ‘
‘L <9 . /
| MATOPO C/ Zimbabwe S

z HILLS

I/'

i~z Modjadje's
location
-Potgietersruset
REPUBLIC OF fBAPEDI |
SOUTH  AFRICA / ‘TN
(TRANSVAAL) |
XBL 728-1546

Figure 9. Distribution of sites discussed in Chepter 6.



Rhodesia: Dhlo Dhlo and the Mjelele Valley Burial. This resemblance is
the subject of the present chepter.

Heirloom Eeads

History of Heirlcom Beads and Their Owners. Heirloom beads seem

to be most highly valued among the Venda. Thése are a composite people,
vho, before coalescence, came in small groups from north of the Limpopo
River into the Njelele Velley of the Transvasl. They later moved to the
Zoutspansberg.

Their heirloom beads are said to have been brought to the Transvaal
from their earlier home north of the Limpopo. Befores crossing the Limpopo,
members of the Venda are said to have passed through the country of the
Karanga (Rhodesia). They deny & kin relationship to the Karange, but they
counsider themselves reléted by common descent to the Rozwig, who ruled the
successor stete which grew up in the southern provinces of the former
Karanga kingdom of Mwene Mutepa.

Stayt (193la, 1931b) points out that there are many place-name and
other slmllurities belween Vendaland and Rhodesia. Similarly, Lestrade
(1927) has written on the Rhodesian affinities of the Venda, many others
have r.marked cn the subjéct, and a dynastic succession linking the Venda

and Lovedu to the Mutapa-Rozwi complex has been summarized (Alpers 1970).

%he record is unclear on the origins of the Rozwi. They have been con-

sidered late-seventeenth-century conguerors (Fage 1958:24; Wieschoff 1941:
11), but a2 more recent worker has considered them more or less autochthonous
within the Keranga, although he has not consistently maintained this posi-
tion (Abrahan 1961:211; Abraham 1964:107). Others characterize the Rozwi

ns n dynanty collnternl to the Mvene Mutapa dynasty (Alpers 1970:203-220).
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fmong one group of Venda there is a tradition of a more remote
origin north of Karanga country, near water (Lestrade 1927:488-491). The
great lakes fegion of.east—central Africa has been proposed (Cottschling
1905:365) es this site of ultimate origin, but there 1s no archecological
evidence for that hypothesis. The glass beads from Sanga, judging by pub-
1ished description (Nenquin 1963), do not resemble heirloom beads.

The date given, estimeted by counting back chiefs, for the migra-
tion into the Transvaal of people who eventually were to become Vendas is
c. 1700 A.D. (Krige and Krige 1943:305; Lestrade 1927:490; Stayt 1931b:12).
Their neme, Venda, is relatively new and applies to the cémposite group in
the Trensvaal (Lestrade 1927:492).

Among the Iovedu the beads seem to hold a place of honor similar
to that which they nold =zmong the Venda. ULike the Venda, the lovedu are
considered to have entered the Transvaal from north of the Limpopo and to
be related to the Rozwi. Krige and Krige (i9h3:30h) estimated the time of
crossing of the royal lLovedu, who were descended from a Mambo (the title
of e Rozwi chief), as ¢. 1600 A.D. A previous estimate (J. D. Krige 1937:
329) placed the crossing in mid-seventeenth century.

Connections between the Lovedu and the Venda are strong. Aside
from similar beads {Stayt 193la, 1931b), they include similar historical
traditions, including traditions apparently relating to the Mwene Mutapa
kingdom; simi;ar cultural activities, and mutual contact in the Transvaal
in the eighteenth century, especially between 1750 and 1820 (Krige and Krige
1943).

The Pedi nrce slso thought to huve come down from the north (Monnlg

1967:16) and possibly ultimaetely from the great lakes reglon (Monnig 1967:12).
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Beads are often mentioned in accounts of the Pedi but are not further
described. "Royal bedds" are used in divination to help establish a link
with the chief's ancestors (Monnig 1967:85). Sekwatl sent "a royal bead"
to Morsngraeng (Hunt 1931:287; Monnig 1967:23). A 1929 photograph of Chief
Sekwati Mempuru (Monnig 1967: faéing 147) ho;vs beads which look like the
heirloom beads of this report. Probsbly unreleted is the story that Chief
Thulare (Thulwana), who died in 1824, had his own beadmakers in a place on
the Steelport River (Hunt 1931:284).

The Pha.ia.bora, also thought to have come down from the north (E.
J. Krige 1937:358), have had much contact with the Lovedu (Krige and Krige
1943:305), especially between 1750 and 1870. The Phslabora possess the
blue-green and cobalt blue beads we refer to as heirloom beeds (E. J. Krige
1937:36k4).

The origin of the Venda name of the beads, "beads of the water",
(Vhulungu he msdi) is not known. Dicke (1937:409) hinted that the expres-
sion referred to the ultimate origin of the beads from across a large body
of water, which he interpreted as the AtlantiE Ocean.

Until the present work the legendary agé of the heirloom beads had
not been supported by any evidence independent of oral tradition. They had
been father unsatisfactorily identified at three archaeological sites.

Schofield's observation (1942:98) that they resembled the beads of
Dhlo Dhio, not supported by the presentation of evidence, was lost by the
wayside. Besides the lack of presented evidence, a factor which may have
corntributed to the neglect which befell his correct observation is the
over-idealized conception of heirloom beads which was then current (van

Riet Lowe 1937:368-3G9). Not all heirloom beads (as labelled in van Riet
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Iowe's bead collection) measure up to this ideslization and even fewer
Dhlo Dhlo beads 4o, a situation which is understandeble if Dhlo.Dhlo

beads were preserved by archaeological burial before centuries of wear

and selection had taken their toll. This over-idezlizetion may have been
responsible for Beck's denial of the presencetof beads resembling heirloom
beads at Dhlo Dhlo (1931:238), a denial which, the author feels, was mis—
taken. '

Dicke (1937:407) claimed to have secn unmistakabie 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 autnor has examined thou-
sends of West African beads and has also examined the beads excavated
from Carthage now preserved in the museums near the site. Not one heir-
loom bead or facsimile thereof was observed in these contexts, nor would
such & bead blend into these contexts.

Caton-Thompson's (1931:194) identification of heirloom besads at
Zimbabwe was criticized by Schofield (1942:88) and, between the lines, by
van Riet Iowe (1937:367-368). At the time Caton-Thompson wrote, heirloom
beads had not been olearly described in the literature.

Caton-Thompson's report that heirloom beads are found "in the basal
deposits of ruins generally" (1931:194) must be modified. After visual
exsmination of the relevant specimens, the author feels that the only early
deposit &ielding a possible heirloom bead is the A3 No. 49O midden at Zim-
babwe. This deposit, however, is no longer considered "basal", (Caton-
Thompson 1970:16) but it is still thought to contain material from & time
range much earlier than Danlo Dhlo. Although ten beads from the A3 No. L9

midden were classified as heirloom beads ("beads of the water") (Caton-
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Thompson 1931: Plate XLV, type he, row 2) we would follow this classifi-
cation readily for only two of them. The remeining eight resemble the
characteristic blue-green transparent cylinders of Bambandyanalo and of
Period II (phase 2) at Zimbabwe (Summers and Robinson 1961:232). This
fact was recognized by Schofield (1942:88) and by later authorities in
personal communications.

Visual inspection indicatéd that the beads from Zimbabwe Ak No.
48¢ (Caton-Thompson 1931:84 and Plate XLV) end Hubvumi (Chibvumeni) (Caton-
Thompson 1931:159 and Plate XLVI), which were previously identified@ as heir-
loom beads ("lkc") do not resemble heirloom beads.

Description of Heirloom Beads. Beads considered by members of ‘the

previously-named tribes to be o0ld exhibit various colors gnd styles, but
the kind thought to be oldest and most respected is & class of blue-green
beads known as "encestral" beads, or as "bep.ds of the water", herein called

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

Riet Iowe 1937; Stayt 1931la), and among the Lovedu as mudala, modzike, and

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

The appearance of these heirloom be&ds is well-known from the
description of van Riet ILowe (1937:368-369), following Dicke, who wrote
(Dicke 1937:L06):

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 wex-like
cloud which makes the bead semi-opaque. Light

seems to penetrate into the bead for only a little
distance before it is reflected....
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In other words, the glass is translucent, and the quality of its appear-
ance is such that the beads often appear to be made of wax. They are cane
beads, shaped like discs (discoid). Their ends are usually flat, but nét
in parallel planes. However, not all the beads display perfectly flat
ends; some have slightly rounded ends, and it seems possible that the flat
ends may have been created, or enhanced, by wear.lo Strung co: tly, the
beads fit closely together, giving the curved necklace & streamlined,
snake-like efrfect. The lengths of the beads vary from ’Ql to i ymm, and
the diemeters from "3 to V6 mm (Figure 10).

The heirloom beads of Series A, as well as all archaeological beads
belonging to Series A, are grossly opaque to translucent. In microscopic
examination (72% magnification) the glass is fairly transparent, but bears
many tiny bubbles which may be partly responsible for the translucency.

The color of the blue-green examples varies about Munsell No. 2.5B,5/6;
the cobalt blue about Munsell No. 5PB,3/8. VOnly Series A exhibits the waxy
appearance which Dicke noted for heirloom beads, and it varies.

'The heirloom beads of Series B, as well as all archaeological
beads belonging to Series B, are more translucznt then beads of Series A.
Upon close examination the glass of Series B is transparent and contains
bubbles, which, especially in the blue-green examples, are large enough 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 ihe 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 the ends of any bead.

.
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Figure 10. Heirloom Beads.
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appeerance. Inclusions are also present. The blue-green color ranges
about Munsell No. 2.5B,5/T7 end the cobalt blue about 5PB,3/8.

Dicke (1937:407) proposed & method of manufacture-for heirloom
beads which.seems partly erroneous, since it corresponds neither to con-
ventional manufacturing practice nor to a rea;istic possibility. He pro-
posed that canes wére broken into beads and then strung immediately, so
thet the fitting neighbors, as itvwere, would stay together and give the
necklace its streamlined effect.

The beads (of both Series) are clearly made from canes. However,
probably at least since the time of Neri (1612), judging by vocabulary in
his book (see Zecchin 1964:21-2L4), the operations of breaking the canes,
reheating the segments if desired, sorting by size, and stringing finished
beads have been separate and sequential (see Zecchin 1955, esp. 81-99).
Neighbors would not be expected to stay together throughout these opera-
tions. The breaking process itself results in considersble "débitage" which
is discarded, or perhaps remelted later. Because of the missing "débitage"
it seems unlikely that neighbcring segments of a cane would fit together
after breaking any better than non-neighboring segments, and there would be
no advantage in the ‘proposed immediate stringing. The similarity in size
of the beads may be explained by the conventional manufacturing process of
sorting by means of sieves.

The Archaeolosical Site of Dhlo Dhlo

Historv. Dhlo Dhlo is the site of & stone ruin considered to belong
to the Rozwi successor state to the former Mwens Mutapa kingdom. It is
located in southwest Rhodesia (Map, Figure 9) in territory formerly known -
as Butua {Garlake 1968). On a mep of mid-seventeenth-century HuKeranga,

Abraham labels this site "Ringa raChengemire" (Abraham 1961:213).
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It was known to be in ruins c. 1895, and was first excavated in
1905 by MacIver. A definitive excavation was carried out in 1929 by
G. Caton—Thémpson (1931).

The ruin was dated to c. 1700 A.D. originally on the basis of a
square-sectioned dark green glass "Dutch gin" bottle found in the excava-
tion and given that date by the British Museum (Ceton-Thompson 1931:1Tk
and Plaste LXIV). Subsequent studies, including those of imported Chinese
ceramics, have supported this dating (Garlake 1968). This bottle, some
Chinese ceramics, and ebout two thousand beads came from between 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 Plate XLVIII).

A similer number of blue-green beads wes found in "a pocket of soil" be-

tween the floors but not on the burisal (Caton—Thompson 1931:169 aend Plate
XLVIII). About two dozen monochrome reheated cene beads of other colors

also came from the lower occupation level, which would fit in easily with
the trade wind beads discussed in Chapter T.

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

enalyzed fell into Series A. They are unreheated discoid beads in blue=
green and cobalt blue (Munsell No. 2.5B,5/6 and SPB,3/8 respectively). A
photograph of a large number of such discoid beads from Dhlo Dhlo was pub;‘
lished by Caton-Thompson (1931:Plate XLVIII). Our samples from Dhlo Dhlo
resemble heirloom beads of Series A in respects of discoid shape, size,
color, translucency, textural quality, variable waxy appearance, and miero-
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 Riet Lowe's (Dicke's) idealized descripticn. With respect
to the visuslly-perceived traits listed atove, the beads from Dhlo Dalo
éhow considerably less uniformity among themselves then do heirloom beads.
Centuries of wear and selection among heirloom beads may have contributed
to their relative wniformity of appearance compared to the "raw", ms it
were, beads of Dhlo Dhlo.

The Archaeologicel Site of the Mjelele Valley Burial

History. A group of samples was obteined from a human burial in
the Mjelele Valley of ‘the Matopo ﬁills of Rhodesia (Figure 9). The beads
were found some years ago by one Graham Miller of a Bulawayo Boy Scout
group. The burial yielded a large number of glass beads which were arranged
on a chart which is now preserved in the National Museum of Rhodesia, Bula-
wayo. The label on the chart dates the beads after 1800 A.D. We are now
investigating evidence that the bead assemblage may be typical of a slightly
earlier period, perhaps the eighteenth centur;-.

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

discoid beads resembling heirloom beeds of both Series. From visual in-
spection, it is estimated that the majority of beads from this burial which
resemble heir]loom beads resemble Series B heirloom beads, whereas those
resembling Series A are rarer.

A1l but two of the samples analyzed frem this burisl measured b--
tween 1.5~3 mm in length and between 3-4 mm in diameter. The two excep-
tions were MJE-la and MJE~1b, measuring 4 mm in length and 5.5 mm in dia~-
meter, and 3 mm in length and 5 mm in diameter, respectively. The blue-
green color is approximately Munsell No. 2.5-10B,6/6, the cobalt blue

approximetely No. T7.5FB,3/11l.
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Source of Ethnographic Samples

The heirloom beads analyzed here were obtained from the Lovedu of
Modjadje'sll location by Eileen Jensen Krige, who gave them 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 purpose of this laboratory
study. They were clearly labelled, often in van Riet Lowe's own handwrit-
ing. The judgment that Lovedu beads correspond in physical sppearsnce to
Venda beads has been made or implied by van Riet Lowe (1937:368), Krige
and Krige (1943), and Stayt (1931a:253; 1931b:27). The author, after care-
ful inspection, finds that Venda and Lovedu heirloom beads look exactly
alike.
Results

Table 5b presents the results of neutron activation analysis of beads
of Series A, and Table 5c presents the analogous deta for beads of Series B.
The two Series differ notably in their conténts of sodium, uranium, anti-
mony, and tin. The scdium content of Series A averages 15.12 * 0.70%,
wherees in Series it averages 9.62 * 0.71%. The uranium content 3f Series A
averages 66.65 + 28.06 ppm, wherees in Series B it is 4,72 + 9.81 ppm.
Series A shows no evidence of the use of antimony, whereas Series B does, in

some beads being present at quite high concentrations.

llModJadJe is the hereditary name of the Queen of the Lovedu. According

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

were striped.
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Discussion

Comparisons with Farlier Work. Our analysis of heirloom beads con~
firms and clarifies the chemical groupings of Venda heirloom beads pre;
viously proposed by van Riet Lowe and Schilz, utilizing an wltraviolet
spectroscopic method (van Riet Iowe 1937:370). These early results are re-
produced in Teble Sa. If éne compares Table 5e with Tables 5b and 5S¢, it
seems evident that van Riet Lowe's V.3 group corresponds to our Series B,
whereas his V.1, V.2, and V.4 samples correspond to our Series A. This judg-
ment may be made by comparing their antimony results with ours.

The terminology and spectrogrephic results offered by van Riet Lowe
and Schilz indicate that the Venda differentiate between the two Series in
blue~green samples but perhaps not in cobalt blue samples. Our blue-green

Series A beads may be equivalent to van Riet Lowe's Vhulungu he madi

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

Iufumbe lwa madi (V.3), and our cobalt blue of both Series to his

Vhulungu ha madi: Mafhe (V.4).

Conversely, labels in the van Riet Lowe collection indicate that
the ILovedu differenyiate between the two Series in cobalt blue examples
but not in blue-green. Our blue-green samples were invariably labelled
mudala, whatever Series they later fell into; whereas our cobalt blue samples
bore either of two labels: thosé labelled modzike fell into Series A and |
. those labelled thaganwe fell into Series B. Of course, it must be remem-
bered that small numbers of samples are concerned.

Schilz (in van Riet Lowe 1937:371) thought that the Venda heirloom
beads were made from the same type of glass as the so-called garden roller

(and N&) beads from Bambandyanalo and Mapungubwe. There is a resemblance,
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as may ke seen by comparison of our Tables 4 and 5. Both concern a very
similar soda-lime gless with & remarkable uranium content, although Schilz
was not apparently aware of the latter (van Riet Lowe 1955:11; van Rief
Lowe 1937:371).

Distribution, Deting 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 which msy belong to Series B. This clue is under further
investigation.

As previously stated, Dhlo Dhlo lies in the territory formerly
known as Butua. In this region there was an embargo sgainst Portuguese
trade during the time period from ¢. 1652 to the 1730's (Abraham 1962:
32-34; Garlake 1968:29). This is the time period in which Dhlo Dhlo prob-
ably belongs. Garlake (1968:29) feels that this embarge was probably not
completely effective. Such an embargo would explain the scarcity of the
typical Portuguese-supplied monochrome reheated cane beads at Dhlo Dhlo.
The rarity of discoid beads like those of Dhlo Dhlo in East and Southeast
Africa might indicate that‘Phe Dhlo Dhlo beads did not come from the east
coast. It may be relevant to recall that c. 1640 Father Manuel de Sousa
e Faria wrote, "It is thought that the blacks of Butua of the kingdom of
Chicanga are those that carry the gold to Angola...." (Theal 196L4:I, 23).
Dicke (1937:409), as well, had some informeticn that the helrloom beads
came from the west.

However, the evidence of Chapter T 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 possibly
by different routes. Since the Portuguese were supplying both east and
west coasts, there is no difficulty in this hypothesis.

Archaeological evidence from Angola is needed in order to evaluate
the possibility that the beads of Dhlo Dhlo (and possibly other items of
trade) may have arrived from the west coast. One fragment of relevant
evidence, but of unkﬁown reliability, is at our disposal: displayed in a
gless case in the National Museum of Tanzania, Dar es Salaam, are scme beads
resembling heirloom beads, bearing an 0ld, yellowed label which reads "drawn
beads resembling the beads first brought to Angola by the Portuguese ec.
1500." '

Besides the embargo hypothesis, another hypothesis which might
explain the restriction of the Dhlo Dhlo besd assemblagé t0 beads of &
rather discoid shape is the possibility that they were already st the hon-
cred center of some cultural tradition c. l+00 A.D.

Summary and Conclusion

Samples of discoid glass heirloom beads from Modjadje's location
fell into two Series, which we label Series A and Series B. biscoid beads
from the Mjelele Valley Burial fall into the seme two Series. Discoid
samples from Dhlo Dhlo fall into Series A. These Series have visual and
chemical integrity.

These findings show that the Lovedu have In their pcssession, as
heirlooms, beads of chemical compositions that are represented in archaeo-
logical sites in Rhodesia. As will be shown in the next chanter, Series A
belongs to a chemical group that is repeatedly found in archeeological

sites north of the Limpopo: in and near Rhodesia, and on the east coast.
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A ressonable interpretation of this situation is that the Lovedu
Series A heirloom beads nmay have considerable antiquity. If we may draw
from the traditions of the Venda, whose heirloom beads look exactly liké
Lovedu heirloom beads, then our interpretetién mey be broadened.

The estimated dates of Venda and Lovedu migration, ¢. 1700 A.D.
and ¢. 1600 ov C. 1650 A.D., respectively, put the Venda and Lovedu north
of the Limpopo at the approximate'time when Dhlo Dhlo was an inhabited
site, ¢. 1700 A.D. It is therefore plausible that the Venda and Lovedu
ancestors may have owned beads that were current in Butua ¢. 1700 A.D.,

- beads that the inhsbitents of Dhlo Dhlo owned as well.

Tradition states that the Venda ancestors brought their heirloom
beads over the Limpopo into the Transvaal. The published traditions do
not state whether cor not the Lovedu brought their heirloom beads over the
Limpopo, but the fact that the beads are considered ancestral among the
Lovedu may indicate an underlying similarit& of derivation.

The presence of Series A beads at Dhlo Dhlo, & Rozwi ruin, adds
its weight to the previous evidence of Rozwi-Venda and Rozwi-lovedu geneal-
ogical and cultural connections, supports the oral traditions of antiquity
for heirloom beads, and gives the protohistori; archaeology of southern

Africa a point of articulation with the present.



Table 5a.

of Heirloom Beads by W. E. Schilz®

Ultraviolet Spectroscopic Analysis

Group I I1 IIT
Na X Ca Si Fe Me Mn Cu Pb Sn Sb Co mi Zn
v il S I + + + + ++ + (+) | =~ - - -
v.2 " " " 1 + + + ++ - - - (+) - -
ZER I I B B BCON IS NCONN IS BTN B B B -
V.h " 1 " " + + + + - - - + o -
Where: (+) = In very small quantity
+ = In clear quantity
++ = Very clear
+,+ = Great quantity

8'Tza.ken from

van Riet Lowe (1937:370).
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Table 5b.

.

Series A Heirloom Beads:
Neutron Activation Analysis

a,b

Samole Color Al (#) Cl (%)

MOD=2a blue-green 3.57 ¢£.0.16 1.06 ¢+ 0.14
MOD-2b " 3.73 + 0.28 1.42 t 0 17
MOD-2c " 2.21 + 0.62 1.17 't 0.23
MOD-2d " 3.30 + 0.13 1.31 * 0.19
MOD-2e " 3.48 + 0.19 1.70 * 0.21
MOD-2f " '3.13 £ 0.27 1.91 * 0.25
DHI~1353a " 4.5% * 0.15 1.84 * 0.23
DHI~1353b y 2.77 + 0.21  1.41 * 0.27
DHI~1353c¢ " 3.91 £ 0.17 1.26 % 0.17
DHI~-13534 " 0 2.99 £ 0.30 1.98 t 0.21
DHI~1353e " 2.06 * 0.12 1.40 % 0.19
DHI~1353f " 3.18 + 0.14 1.55 * 0.17
MJE-3al " 3.17 £ 0.19 1.40 t 0.18
MJE-3a2 " 2.78 £ 0.33 1.89 * 0.22
MJE-3a3 " 3.09 + 0.58 1.45 * 0.27
MJE-5 " 3.17 +0.24 1.37 *0.24
MOD-5a cobalt blue 3.84 +0.16 1.60 % 0.19
MOD-5b " 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~1352¢ " 4.37 +0.46 1.2%3 *0.35
DHI~13524 " 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
DHI-1352f cobalt blue 4.53 + 0.18  2.06 % 0.33
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Table 5b. continued
Samole Color Mn Na (%) cu®d
-2a bl-gr 299 +20 14.93 +0.13 5,725 £ 125
-2b v 286 25 15.45 * 0.14 5,205 * 138
-2¢c " 206 * 35 14.42 +0.14 5,447 * 182
-23 " 322 £29  14.06 +0.14 4,217 * 157
-2e " 299 * 33 15.11 * 0.15 5,358 * 174
-2f " 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¢ n 280 21 14.69 :0.18 4,977 * 152
-1353d " 376 £ 27 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 t13 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¢ " 272 +47 15.28 $0.16 b
-1352a " 262 +30 14.42 $0.21 b
-1352b " 299 *25 15,29 +0.20 b
-1352¢ 308 36 15.67 +0.23 b
-13524 " 311 ¥30 16.10 0.22 b
-1352¢ " 367 41  15.34 :0.22 b
Mean and RMS3D 294 +48 15,12 % 0.70 4,871 + 721°
b, f
-1352f co bl. 1,128 +42 16.54 * 0.23 o
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Table 5b. continued

Samole GColor R | Sm

-2a bl-gr. 102.66 * 0.48 3.58 * 0.16
-2b . " 58.15 * 0.30 2.98 £ 0.10
-2¢ " 98.82 * 0.51 3.14 * 0.16
-2d " 30.22 *0.21 1.49 % 0.06
-2e " 76.22 +0.42 2.75 % 0.13
-2f " 31.11 t0.23 3.05 £ 0.06
-1353a " 87.16 *0.43 3.50 + 0.14
-1353b n 117.40 *0.58 2.85 t 0.18
-1353c " 19.58 *0.12 2.12 * 0.03 -
-1353d " 31,90 £0.18 1.93 * 0.05
-1353%e n 38.30 *0.24 1.34 £ 0.07
-1353f " © 37.07 *0.21 -1.74 * 0.06
~3al " 53.48 *0.31 2.67 % 0.07
-3a2 v 74.13 *0.42 2.96 * 0.10
~3a3 " 66.72 *0.42 3.37 * 0.09
-5 " 106.31 £0.59 2.71 * 0.14
-5g co bl. 79.00 £0.47 4.17 * 0.13
-5b " 98.45 *0.58 3.36 £ 0.16
-5¢ "o 79.69 *0.58 3.45 £ 0.15
-1352a " 80.33 *0.45 4.55 t 0.13
-1352b " 41.83 £0.23 2.26 * 0.07
-1352¢ " 64.17 *0.38 %.24 t 0.11
-13524d " 91.20 *0.46 3.68 * 0.14
-1352e n 40.62 *0.27 2.05 £ 0.07
Mean end RMSD 66.65 +28.06 2.87 * 0.82

~1352f co bl. 196.15 ¢ 0.96 4.80 * 0.30
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Table 5b. continued

Samnle Color Cod Sc

-2a bl-gr. 48.43 + 0.63 4.82 t 0.04
-2b " 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
~2e " 136.32 + 1.75 4.31 + 0.07
-2f " 51.23 + 0.85 5.00 * 0.06
-1353a " 14.45 + 0.35 .5.23 * 0.04
-13530 " 138.23 + 1.54 4.00 * 0.05
-1353c¢ " 47.95 + 0.55 2.52 * 0.03
~-13534 " 48.18 + 0.63 2.56 * 0.03
-1353%e " 76.90 + 1.10 2.03 * 0.04
-1353f " 28.12 + 0.47 2.77 * 0.03
-3al " 38.31 + 0.64 4.69 * 0.05
~332 " 92.95 + 1.28 4.27 * 0.06
-3a3 " 62.54 + 1,14 4.81 * 0.07
-5 " 188.24 + 2.34 4.57 * 0.08
-5a co bl. 1,709.00 : 14.71 6.01 * 0.20
-5p " 1,400.60 + 12.45 4.93 * 0.20
-5¢ " 1,064.60 + 10.33 5,44 * 0.22
~1352a " 929,32 + 8.17 4.83 + 0.14
-1352b " 879.42 + 7.47 3.24 £ 0.10
-1352c " 968.27 + 8.56 5.05 * 0.15
-13524 " 1,418.60 + 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

| 1,143.73 +326.39%
-1352f co bl. 1,762.60 * 14.95 6.26 * 0.21
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Table S5b. continued
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Samole Color de Cr

-2a bl-gr 4.9 + 0.3 21.4 2.0
=20 " 4.9 + 0.3 16.8 = 2.1
=2c " 6.8 + 0.6 26.4 * 3.1
-2d " 2.7 + 0.3 14.0 £ 1.9
=2e H 11.7 + 0.8 29.6 £ 3.9
=27 " 5.7 + Q.4 26.2 * 3.0
-1353a " 9.1 =+ 0.6 23.8 * 2.4
-1353b " 11.8 =+ 0.7 26.0 * 3.2
-1353c " 2.7 £ 0.2 12.6 * 1.4
-1353d " 3.5 ¢+ 0.3 15.4 * 1.7
-1353e " 7.5 +* 0.6 18.1 * 2.5
-1353f " 2.8 + 0.2 10.3 ¥ 1.6
-3al " 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 " 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 *13.2
-5¢ oo 8.2 + 1.0 65.5 *14.6
~1352a " 3.7 = 0.7 36.6 8.0
-1352b i 2.0 + 0.5 15.7 6.2
-1352¢c " 3.1 =+ 0.7 35.2 8.6
~1352d " 4.0 =+ 0.7 30.0 £ 9.2
-1352¢ " 3.2 + 0.7 0.0 * 8.0
Mzan snd 2M3D 6g4. + 4.5 26.0 +12.3
~1352f co bl. 6.7 =+ 1.1 27.0+12.6
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Table Sh. concluded

Sample Color Th

-2a bl-gr. 23.49 20.17
=2b " 18.01 £0.16
=2c " 19.56 *0.22
24 " T-84 +0.11
-2e " 15.08 *0.23
-2f " 16.91 £0.20
=1355a " 21.16 =0.17
=1353b " 18.18 % 0.20
=1353c¢ " 17.56 £0.12
-13534 " 12.77 *0.12
~1353e " 10.84 *0.16
~-13531 " 9.95 £0.11
~-3al " 14.95 *0.17
~3a2 " 15.85 *0.21
=3a3 " 22.80 *0.27
=5 " 11.71 *G.25
-5a co bl. 25.07 £0.66
-5b " 20.93 *0.66
-5¢ " 26.72 £0.78
-1352a " 18.24 £0.40
-1352b " 14.06 *0.31
-1352¢ " 24,07 *0.44
-13524d " 21.08 *0.46
-1352e " 14.38 *0.39

Mean and RMSD 18.0 6.1

-1352f co bl. 32.23 *0.63
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Series B Heirloom Beads:

N:zutron Activation Analysisa’g

Samvle Al (%) Cl (#)

MOD-1a blue-green 1.08 * 0.08 1.52 * 0.13
MOD=-1b " 1.09 = 0.10 1.4% * 0.12
MOD-1c " 0.98 * 0.07 1.97 = 0.15
MOD-1d " 0.87 * 0.18 1.78 * 0.15
MOD-1le " 0.96 * 0.26 1.60 ¥ 0.15
MOD~1f " 0.93 = 0.09 1.95 % 0.16
MJE-3bl " 0.79 * 0.09 1.55 % 0.15
MJ®E-3b2 " 0.66 * 0.19 1.94 + 0.18
MJE-3b3 " 0.89 * 0.17 1.92 % 0.13
MJE-3b4 i 0.76 £ 0.26 1.60 % 0.13
MOD-4a cobalt blue 1.17 % 0.21 1.13 * 0.14
MOD-4b " 1.02 * 0.3%6 1.32 * 0.17
MJE-19 " 1.08 £ 0.14 1.23 + 0.20
MJE-1la v J.55 * 0.33 1.04 = 0.12
MJE-1b " 0.42 + 0.21 0.735 £ 0.12
MJE-1lc M 0.70 £ 0.13 . 1.35 % 0.13
MJE-1d " 0.86 * 0.12 0.93 = 0.14
Mean and RMSDC 0.67 * 0.20 1.47 * 0.38




Table 5c¢c.

continued
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Sample Color M4 Na (%)

-1la bl=gr. 503 t 14 9.57 t 0.09
-1b n 208 + 12 9.60 * 0.09
-lc " 567 + 17  9.31 % 0.09
-14 n 584 + 18 10.87 * 0.10
-le " 350 + 18 10.12 £ 0.10
-1f " 315 + 18  9.54 * 0.09
-3bl " 980 + 14  8.59 * 0.08
-3b2 " 296 + 14  9.88 * 0.09
-3b3 " 484 + 11  9.81 # 0.09
~3b4 " 266 + 10  9.67 * 0.08
~43 co bl 1,119 + 30  8.39 * 0.09
-4b L 2,238 + 45 10.82 * 0.11
-19 " 3,066 + 38 10.66 * 0.11"
~la " 1,015 + 16  9.07 ¢ 0.08
-1b " 2,358 + 27  9.26 t 0.08
-lc " 339 + 11 9.54 % 0.09
~1d " 457 + 13  8.91 * 0.08
Mean and RMSD 465 * 216 9.62 * 0.71

£

1,513 £1,045




Table 5¢c. continued
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Samole Color Cud’g U

-la bl-gr. 9,049 + 140 1.80 * 0.14
-1b " 11,512 = 141 1.3% £ 0.07
-lc " 3,819 * 148 1.45 t 0.11
-1d " 9,670 %= 152 1.54 * 0.08
-le " 7,541 * 137 1.31 * 0.09
-1f L 10,389 * 157 1.55 * 0.11
=3bl ' 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 " g 6.8 £ 0.195
-19 " g 41.14 * 0.34
~-la ! g h

-1b " g 1.61 * (.07
~lc . g 2.58 *0.20
-14a " g 3.07 *0.25
Mesn and RM3D 9,638 +1,132° 4.72 g.81%
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Table 5¢. continued
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Sample Color Sc Fe (%) Yn9
-1a bl-gr. 1.82 ¢ 0.05 0.78 +0.10 g
-1b n 1.48 + 0.04 0.54 +0.06 g
~1lc " 1.38 + 0.05 0.31 +0.08 g
=1d " 1.09 + 0.04 0.28 +0.05 g
~le " 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 n 1.46 + 0.04 0.56 '+ 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
~41 " 1.17 £ 0.07 0.35 £ 0.09 g
-19 " 2.09 £ 0.17 0.80 +*0.17 g
-1 " 1.73 ¢ 0.20 1.17 *0.47 g
-1lb " 1.64 + 0.05 0.54 +0.04 g
~1lc " 1.27 * 0.07 0.5 +0.12 g
=14 " - 1.83% £ 0.11 0.7 +0.18 g
Mean and RMSD 1.50 £ 0.26 0.56 +0.21 g
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Table 5c. concluded

Samnle Color Cr Th

~la bl-gr. 39.3 ¢+ 8.1 4.00 +0.38
-1b " 11.7 ¥ 4.8 5.09 £0.23
-1lc " 21.8 £ 6.2 3.17 +0.29
-1d " 21.8 * 4.3 2.19 *0.20
=1le " 21.2 £ 5.4 3.35 %£0.26
-1f " 25.1 * 6.0 3.57 +0.28
=3bl " 20.5 * 6.6 1.40 *0.32
=3b2 " 28.8 * 4.4 1.73 *0.22
=303 " 19.5 + 2.7 1.46 £ 0.14
-3b4 " 15.1 ¥ 3.9 1.45 *0.20
-4a co bl. 11.3 ¥ 5.1 5.51 *£0.25
-4b " 11.3 = 7.1 3.38 £ 0.34
-19 “ 39.1 *14.1 2.92 *0.69
-1la * 14.5 £ 34.5 0.89 £1.78
~-1b " 17.1 £ 3.2 1.69 *0.16
~lc " 9.0 * 8.6 1.29 % 0.42
-~1d " 39.9 * 13.6 1.91 £0.66
Mean and RMSD 21.6 *+10.0 2.65 *1.37
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Notes to Table 5

All data are given in parts per million unless otherwise indicated..
Imprecisely-determined elements are excluded from this Table and from
comparisons based upon it. In Series A, elements for which = mean
concentration could be determined e.r.e, with mean and root mean square
deviation: Ca, 4.52 * 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; HEf, 4.3 + 2.5 ppm; and
Tb, 0.30 £ 0.10 ppm. Approximete ypper limits of concentration were
estimated for Series A beads for the following elements, with upper
limit 'gnd representative counting error: Cu in cobalt blue beads,
1500 + 200 ppmj In, 2 £ 1 ppm; As, 200 * 120 pmm; Ag, 3 * 2 ppm; Ir,
0.01 £ 0.02 ppm; Hg, essuming none is lost in the reactor, 1 * 1 ppm;
Mg, 2 + 3%; W, 3 %3 ppm; K, 2 + 1%; Sr, 600 * 500 ppm; Ga, 300 * 150
ppm; and Zn, 170 2 TO ppm. Fb was determined by X-ray fluorescence
analysis on grouped semples froﬁ Series A, giving the result v 0.03%.
Root Mean Square 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 | approprieate.

Applicable to blue-green beads.

Applicable to cobalt blue beads.

Elements chosen for Table 5c were those chosen for Table 5b in order to
allow comparisons. This procedure has resulted in the inclusion of
some elements in Table Sc which ere imprecisely determined, according
to the stendard set forth in note b. No grecisely—deten'nined elements

were omitted from Table 5¢, and, aside from the exceptions indicated
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ghove, imprecisely—detémined elements were excluded. Elements for
which a mean concentration in Series B could be determined are, with
meen asnd root mean square deviation: Ca, T.9% * 1.66%; Mg, 0.73 = i.QO%;
Sr, 1,133 + 416ppm; As, 452.1 + bSB.7 ppm; La, 5.31 % 4.07 ppm; Lu,

0.16 +* 0.27 ppm; N4, 2.14 + 7.6k ppmj Mo, 5.67 + T7.13 ppm; Ff,

2+ 2 ppm; Sn, 82.6 * 69.5 ppm; and Ni, 498 + 353 ppm. Approximate
upper limits of ccncentration were estimsted for the Series B beads

for the following elements. given with upper limit and a representa-
tive counting error: Cu, in cobelt blue beads, 260 + 100 ppm; V,

64 £ 40 ppm; K, 4t + 2%; Ga, 400 + 90 ppm; In, T + S ppm; W, 3 *+ 3 ppm;
Ag, 3+ 2 ppm; Ce, 6 + 2 ppm; Yb, 5.0 * 0.3 ppm; Cs, 3.7 + 0.4 ppm;

Ir, 0.00 £ 0.01 pPpm; Hg, assuming none is lost in the reactor, 1 + 1 ppm;
Eu, 0.9 * 0.5 ppm; Tb, O.4 * 0.1 ppm; and Zn, 100 * 20 ppm. Pb was
determined by X-ray fluorescence on grouped samples, giving a result

of v 0.09% for Series B.

Not 4. 2rmined for sample labeled MJE-la.

Calculated without MJIE-la.
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CHAPTER T. TRADE WIND BEADS

"And the menner of their traffic was this: they
came in small vessels nsmed zambucos from the kingdoms
of Quiloa, Mombaca, and Melynde, bringing many cotton
cloths...and many small beads, grey, red, and yellow,
vhich things come to the said kingdoms from the great
kingdom of Cambaya in other greater ships....

"The Moors of Cofals kept these wares and sold
them afterward “o the Heathen of the kingdom of
Benemetapa...." : 12

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

Introduction

We come now to a topic encompassing the beads of the Portuguese
period which have been mentioned in previous pages. This is the topic of
‘trade wind beads.

The glass beads typically found in East African medieval to recent
coastal sites and in Southern African Later Iron Age inland sites have long
been recognized to form a series, albeit poorly defined (Beck 1930, 1931;
van der Sleen 1958, 1960, 1967; Schofield 1942, 1955, 1958; Robinson 1959;
Garlake 1968). Van der Sleen, and to some extent Beck, claimed to recog-
nize the same series ip many port towns around the Indisn Ocean. Because
of its distribution in pérts favorably situated 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 thé‘series, as van der Sleen saw it,

12H. E. J. Stanley, a translator of Barbosa, places the date of this

writing ¢. 1514 (Barbosa, e. 151kL).
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includes disparate material.l3

The writer observed that the Asian and
African glass bead assemblages, as s vhole, do not resemble one another
visually and typologically, beyond resamblances sscribable to the fact
that the meterial is glass, in its traditional colors. The vast majority

of all these beads may be described as monochrome, opague, 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, uniess otherwise indicabed. 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 series of gless beads, the trade wind beads,
links many Iron Age archaeological sites of southern and eastern Africa, as
discussed below. These beads are usually recheated cane beads, but a small
percentaée is wound. They occur in the traditional colors of glass: Indian
red, blue-green, green, yellow, black, orange (amber), and cobalt blue.

They also occur in a greenish-yellow color (also called "pearl"), which
might be interpretaﬂle as an attempted white. The beads are opague to
translucent, and with slight magnification (72x) bubbles or vacuoles can
usually be scen in the glass. In some examples, which contain little to

no opacifier, the bubbles alone are apparently sufficient to make the glass
translucent to opaque.

The trade wind bead series is shcwn in Plate IV. This series is

visually recognizable. and the author made a sperial effort to gather

13, - s s : . .
This finding iz bagsed on inspection of glass bead assemblages from over

thirty Asien sites, mosily Indian, including many named by van der Sleen.
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samples from it. The claim that the series is visually recognizable seems
substantiated by the fact that of one hundred and fifty four beads analyzed
by the author as samples of trade wind beads, one hundred and thirty three
fell into a single, though broad, chemical group. The remainder were sim-~
ilar. The series, and the chemical group, include the Jijijely of Madagas-
car (Thierry 1961) and & number of beads from archaeological sites in the
Philippine Islands (Fox 1970).

Results and Discussion

One hundred thirty three beads from twenty one sites (Figure 11)
were found to fall together in a single chemical group, on the basis of
results of neutron activation analysis. This chemical group is entitled
the Trade Wind Bead Chemical Group, hereafter abbreviated TWBCG, and it is
presented in Table 6.

Most of the beads of the TWBCG are reheated cané,beads. The excep-
tions are: KII-IR1l, a wound biconical bea&, KIL-IRl4, a wound conical-
lenticular bead, and KAB-10, probably a wound bead, oblate in shape, plus
a number of beads with smooth, flat gnds, which meke it difficult to tell
if they have been reteated or not. These latter include the beads from
Dhlo Dhlo (Chapter 6), which appear to'have been barely reheated, as well
as the beads from>Modjadje's location (Chapter 6) and the beads MJE-5,
-38l, -3a2, and ~3a3 from the Mjelele Valley Buriel (Chapter 6), which had
flat ends as if worn flat. The three beads MAK-l, -2, and LUS-1 also dis-
rlay flat ends.

A distinguishing feature of the TWBCG is its content of the element
uranium. The mean uranium conceﬁtraﬁion in these beads is 112.43 + 5L.91

ppm, an unusually high level for man-made glass (Fleischer and Price 196k4).
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The one hundred thirty three beads in Table 6 may be called the
nuclear members of the TWBCG,being characterized by detasiled chemical
analysis (neutron activation). In addition, seventeen more beads from six
more sites (Figure 11, Table 8) are considered to be peripheral members
of the TWBCG. These seveqteen beads are considered peripheral because
they received a less detailed analysis (X-ray fluorescence). These seven-

teen beads resemble the nuclear members in eppearance and in the results

of X-ray fluorescence analysis, particularly in the presence of the element
uranium, detected by X-rey fluorescence analysis (Tabie 7). In order to

be detected, the uranium must be " 5C-TC ppm or more. The peripheral teads
do not enter into any meahs or other calculated perameters representing

the nuclear group. They were not given neutron activation analysis, usually
because destruction was not desired, or because our samrles were too few,

or were poorly documented.

The results of X-ray fluorescence aﬁaxysis of' the seventeen peri-
Pheral group members are presented in Table 7. In order to facilitate com-
parison of peripheral w.th nuclear members of the TWBCG, Tebles 9 and 10
present the results pf X=ray fluorescence analysis of two typical sets of
nuclear trade wind beads, those from Fort Jesus and from Luanze. As the
labels indicate, the beads shown in Tables 9 and 10 are the same individual
beads are shown in Table 6.

Table 11 contains the results of neubtron activation analysis of
other beads analyzed as a part of the trade wind bead study. The beads of
Table 1lla resemble the members of the TWBCG visually, chemically, and in
geographical distribution. All are opaque to translucent reheated cane
beads, except that BUT-1T75A and BUT-1T5B are transparent, KIL-HKCV3 is a

wound sphevoid, and ING-BS is unreheated with flat ends.
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However, the beads of Table lla do not show the elevated uranium
concentration typical of the TWBCG. VWhen the distribution of uranium con-
centrations in the TWBCG is plotted as in Figure 12 (solid lines), the coa-
centration ranges < 1 and 1-10 ppm are unpopulated aend lie at the extreme
tail of the distribution. If the beads of Table lla ere added to the
plot (Figure 12, dotted lines), a notable clump is created at the tail of
the distribution in the concentration ranges <1 and 1-10 ppm. This
clump contains a larger number of samples than one might expect at
the tail of a normal distribution. This clump cen be understood and omitted
if cne mainteins that the low-uranium beads do not belong to the distri-
bution.

Table 11b contains the results of analysis of four very transpar-
ent, bright green beads. 'They are cane beads with flat ends, except that
MJE-21a appeared reheated. Being bright and transparent, they look very
different from the trade wind beads. They also show chemical differences
from the TWBCG, particularly in manganese and ytterbium.

The beads of Table 11 are provisionally excluded from the TWBCG
as this group is presently understood. However, the resemblance of these
beads to the TWBCG is marked. Future research may result in a change in
our understanding of the TWBCG and in our disposition of the beads of
Table 1l1.

It should not be considersd disturbing to gncounter borderline
cases as in Table 11, for such cases are inherent in a classificatory
epproach. The fact that these samples are borderline cases is information
in its own right. If our basic assumption is correct, that marked chemical
resemblances are due to a commonelity of manufatcture, then the borderline

cases may be regarded as closely related to the TWBCG.
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The glaess of the TWBCG is a2 soda-lime glass. The sodium content
averages 14.96 * 1.53% , and the caleium content averages N S%. The addi-
tives in common use were cobalt, 2inc, copper, tin, iron and lead (the
last by X-rey fluorescence). Manganese was very rarely used. Antimony was
not used. The additive tin seems to be sometimes used, and sometimes omitted,
in blue-green or green, greenish-yellow (pearl), and Indian red beads. All
the yellow and orange beads display sufficient tin to indicate intentional
use.

The TWBCG does not fall systematicelly into meaningful subgroups
based on close chemical resemblance. Some small subgroups mey be found.

For example, the two Indian red beads from Manunggol, MAN-23A1 and MAN-23A2,
show about four times the amount of copper colorant usually encountered in
copper—colored beads of the TWBCG. The ten beads from the Gereza locality
of Kilwe form a rether tight subgroup within the TWBCG. DAM-la, DAM-1b,

and DAM=-1c are very much slike, as are MAT-éRYQO, MAT-CRY21, and MAT-GRY22.
The same may be said for VOH-T7 and VOH-8, for KIL-IR12 and KIL-IRLT, for
KIL-IR15, KIl~IR1L6, and KIL~IR18, for KIL~-MBG and KIL~-MBG3, end for KIL~GRYL
and KIL-GRY6. Other small subgroups could be found.

It is not surprising that small clusters of semples like these
might occur within the TWBCG. However, there is no clear evidence of a
pattern permeating the TWBCG by which it might bte broken into mutually
exclusive, significant, and interpretable subgroups. For instance, the
beads do not fzll into subgroups that represent sites or colors, or more

cas 1L
properly, groups dictated by the glassmekers' additives. Whethexr the

thaturally the beads could be placed into subgroups according to the

glassmakers' additives. But we are trying to build & classificatory system

]
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beads are grouped by site or by color, in either case the mean concentra-~
tions and root mean square deviations for most elements are very similer
(Table 12). Other things being equal, it is possible to take the mean |
of the root mean square dsviations for each grouping as a measure of the
heterogeneity in & grouping. When this is done the heterogeneity of color
groupings is only slightly greater than thaet of site groupings on the
average (Table 12).

By no means do we wish to leave the impreésion that all members of
the TWBCG were made in the same glass batch. The differences smong the
group members are sufficigntly strong to indicate emphatically thet samples
from many batches are present. There is a fair consistency in spparent
coloring recipe, with occasional marked divergences. For example, in
beads colored with copper, the additive is present in the tenths of percent
range of concentration, averaging sbout 0.5%. However, in two coppef—eol—
ored beads, MAN-23al and MAN-2382, the coppér is about four times as high.
These two beads show other peculiarities (Table 6).

Another example of a possible divergence from recipe is the eppar-
ently rare use of manganese. Leaving out the four exceptional cases, the

menganese averages 413 * 138 ppm. This is less than half of the amount

lh(continued) which "sees through" the colors or additives. When looking
for chemical subgroups other than (cross-cutting) those of color, we remove
the additives from consideration. To say that the beads do not fall into
subgroups representing colors means that, when the additives are left out
of consideration, it is impossible to tell from the remaining elements

what color the beads were. This fact may interest those concerned with

cases of correlations between trace elements and glassmekers' additives.
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which is found, on the average, in the earth's crust. A 1000 ppm (Meson
1958:4L). In other beads that we have analyzed, manganese can clearly be
recognized as an additive by its cpnsistently high concentration, in fhe
tenths of percent and percent ranges (Chapters 8 and 9). There is thus
little reason to think that manganese was added deliberately to beads of
the TWBCG. However, therelare four cases in the TWBCG in which mangenese
lies in the tenths of percént range. These are one vlack bead (MJE-15b),
one yellow (KAB-10), one orange (FJE-AT-1), end one cobalt blue (DHL-1352f).
Since there is no color pattern in the occurrence of such high mangenese,
these instances-might be escribed to factors other than recipe.

In sum, at the present time, it may be convenient *o think -of the
TWBCG as an n-dinensional space in which the bead samples are scattered

according to no consistent or far-reaching pattern that we have yet recog-

nized.

Distribution, Deting, and Origin. The sites which ylelded beads
belonging to the TWBCG are listed in Table B, end the distribution of these
sites is shown in Figure 11. Table 13 gives the deting of the beads, as
dated at the sites of occurrence.

The dates raiuge from ¢. the eleventh century at Bam.bandyanalolS to
c. 1700 at such sites as Dhlo Dhlo. The possible nineteenth-century occur-
rence at the Gereza (Kilwa) is not firmly dated on account of the thin-

ness of leter deposits at Kilwa (Chittick 1968). The occurrence

15Engaruka yielded two earlier radiocarbon dates, 330 * 90 A.D. (GX-348),

and 720 * 120 A.D. (GX-347), but these are regerded with skepticism
(Sassoon 1967, Phillipson 1970), and in any case did not come from the same

terrace platform (A5) whence came our sample.
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€. 1937 as heirlooms in the Transvasl is firmly dated, but is not strictly
archaeological. Thus, the entire span over which the TWBCG occurs is
epproximately nine hundred years, and the main archaeological span is
epproximately six hundred. Its dating in the Philippines, althcugh unclear,
covers similar centuries of the second millennium A.D. (Fox 1970).

If these beads spén gome six hundred years, it seems inappropriate
to think that there was only one agent responsible for their importation,
or indeed their menufacture. Six hundred years is longer than the time
span of some civilizations, not to mention glass factories. As has been
discussed in Chapter b, if a bead group can spsmn such & long period of time
then it would not be as useful an archeeological tool as had previously
been envisioned, with respect to deting or elucidating trade routes.

However, before drawing conclusions regarding the utility of chem-~
ical groups of glass beads, it is necessary to rule out the possibility
that the long time span of the TWBCG mey bé'illusory. Some beads may be
mis-dated, through physical displacemant by netural agents, on account of
ineppropriate radiocarbon dates, or by having been kept as heirlocoms. If
individual besds could be dated, the results may shed light on the question
of whether or not the long time span of the bead group is illusory.

| Many beads of the TWBCG contain sufficient uranium to make possible

dating of individual beads by the fission track method. Such research is
now being undertzken. It seems wise to postpone final Judgment on the length
of time that trade wind beads were being made and exported until this dating
research is completed. In the meantime, if we accept the date; vhich are
now given the beads, the following comﬁents ere appropriate about the dis-

iribution and origin of the trade wind beads.
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Because beads of the TWBCG occur at meny sites which post-date
the arrival of the Portuguese (1498 A.D.), including some sites which wit-
nesses the actual presence of the Portuguese, such es Kilwa (Quiloa), Fort
Jesus (Mombaga), end two of the Portuguese fairs in Rhodesia, or Mwene
Mutapa (Luanze and Dambarare), it seems likely that they were distributed
by the Portuguese in Africa. Indeed, the hypothesis of Portuguese distri-
bution in Rhodesia of the visuslly recognizable series which our TWBCG
represents has already been expressed in the literature (Robinson 1961,
Garlake 1968), and in many personal communications.

The occurrcence of beads of the TWBCG in pre~-Purtuguese contexts,
such as Period II at Kilwa, beneath the tomb of 1399 A.D. at Gedi, and at
Bambandyanalo, would seem to indicate that they were alsc distributed by
the (Arsb} precursors of the Portuguese.

This distribution in pre- and post-?ortuguese sites is consistent
with the distribution which was predicted (Laidler 1934) for the beads which,
the Portuguese wrote, came from India. Portuguese records of the spixteenth
and seventeenth centuries indicate that beads purchesed in Indfia could be
readily sold in Enst Africa (Barbosa ¢. 1514, in Dames 1918:6~8; & letter
of Botelho 1552, in Theal 196lL:III, 1L4T; Lavenhe 1597, in Thenl 196h:II,
303; a letter of the King of Portugal 1635, in Theal 196L:IV, 262). Two
of the records, those of 1552 and 1635, indicate that Africans preferred
tha beads purchased in India to other beads. It has bzen assumed that this
preference of the sixteenth and seventeenth centuries represents the per-
sistence of a fashion which had become established in the days of Arab
trade. If this reflects the true age of the preference, then the beads

purchased in Indie 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 these dis-
tributional expectations, and we are therefcre given a clue that the TWBCG

may have come from India.

Sic Transit Trade Wind Beads. If these heads might have been pur-

chased in India, one might ask if they were made there. Not necessarily
(see Part 2 of this chapter). Prominent smong the sources of beads named
by the Portuguese are Cambay in India (Barbosa ¢. 1514, in Demes 1918:7-8;
Pires ¢. 1515:16) and possibly Arabie Felix,or Aden (see Pires c. 1515:
16; Pigafetta c. 1589:576; Chittick 1966). These were among the busiest
and most femous entrepdts of the Indian Qcean. Like any modern entrepdt,

they hendled many goods that did not originate in their own hinterlandls,

as is clear from numerous documents and travelers' accounts (especially

see Pires c. 1515:7-4T). Writing ¢. 1512-15, only scme fifteen years after

the first arrival of the Portuguese in the Indian Ocean and contemporanecusly
with Barbosa, whose description of the trade route from Cambay to Mwene Mutapa is
given at the head of this chapter, Tomé Pires gave clear evidence that the

entrepats of the Indian Ocean handled glass beads from the Mediterranean (Pires

-

&6Et seems very likely that many stone beads, particularly lathe-turned
end/or carnelian beads, origineted near Cambay (Arkell 1936; Barbosa c.
1514:66; Pigafetta c. 1589:579; de Brito 1519, in Theal 1964:I, 104; Correa
c. 1550, in Theal 1964:IX, 26; de Albuguerque 1514, in Theal 1964:III, 1L6;
Pires ¢. 1515:16, 18, 43, 53). Many stone beads are found in Indian arch-
aeological sites, and some cccur in East African coastal sites, such as
Kilwa, Period II, and et Vohémar (Thierry 1961). Evidence of the manufac-
ture of stone beads iélinown from the encient period in Ujjain (Ghosh 1958).

Stone beads have been entirely outside the scope of this investigation.
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c. 1515:12, 43). He explained that Venetian galleys brought to Cairo, for
trade further east, many Venetian articles including “sll sorts of glass
beads" (Pires c. 1515:13). He writes (c. 1515:12-13),

The merchasdise which these peoplel7 teke to

India comes from Venice in Italy. It comes to Alexn-
endria, and from the Alexandrine warcehouses it...is
sent to Mecca.... And from there it comes to Jidde
and from Jidde it comes to the warechouses they have
in Aden and from Aden it is distributed to Cambay,
Goe, Malabar, Bengal, Pegu and Siam.

These sites are shown in Figure 13.

Any suggestion of provenience for the TWBCG is inextricebly bound
up with, end hampered by, its broad deting. The THBCG is made from soda-
lime glass. As is well-known, glass of the ancient world was of the soda-
lime type. The conventional historical picture is that the ancient soda-
lime tradition passed directly from the ancient to the medieval world in
the Near East. However, it is thought that the ancient soda-lime traditiom
was lest in medieval Burope, where potassiuﬁ glesses were made, with prob-
eble exceptions iu Mediterranean Europe, and other parts of BEurope wvhich
had contect with the Near East. This would include Muslim parts of Europe,
and centers of trade, such as Venice. Eventually with the coming of the
Renaissance the sode-lime tradition spread from Venice and the other Italian
cities to the growing cities of Europe. Thus, the TWBCG, being a soda-lime
gless deted so as apparently to spen nearly the entire secoad millennium
A.D., might hzve come from virtually anywhere in the developed world of
the second millennium A.D., except northern medieval Europe.

The broad deting of the TWBCG hampers suggestion of a focused ori-
gin. Were it only post-Portuguese in date tnen Europe would be a likely

17

Probably Egyptians.
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Figure 13. Some entrepdts nemed in Portuguese documents.
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source, considering its very frequent presence in Portuguese sites, in-
cluding Portuguese fairs in Rhodesia. Were it only medieval in date,

then the medieval Near East, Muslim parts of Europe, or medieval European
centers of commerce with the Muslim Near East, such as Venice, might be
reasonable suggestions. Pre-Portuguese Arab commerce could well have dis-
tributed Venetian beads in the Indien Ocean region; Venice was notorious
for her commerce with the "infidel", and documentary evidence of the exis-
tence of her bead industry dates back to the end of the thirteenth century
(HetteB 1960:15) and early fourteenth century (Gasparetto 19568:183-k). On
the other hand, the medieval Arsbs were known for their glass manufacture,
and an export commerce in glass trinkets is indicated in medieval sources
from the Arab world (see Lamm 1930: exc. 2k, k1, 56, 79; Mauny 1961:21-50).
However, any attempt at identification of "documentary beads" with "arch-
aeological beads" is frauwght with uhcertainty because "documentary beads"
are never satisfactorily deseribed. .

The hypothesis of Indian manufecture of trade wind beads, which we
shall discuss in Part 2 of this chapter, has been ill-founded since its
inception, and is neither proven nor disproven.

A hypothesis of origins of the TWBCG must rest on firm archaeolo-
gical data and chemical comparisons. With respect to medieval and post-~
nedieval soda~lime glasses, the conventional glass history rests largely
on stylistic and historicel study and inference, rather than on chemical
date. TFor example, the best known single work on glass of the medieval
Near Fast is stylistic and historical in nature (Lamm 1930). Published
chemical analyses of glass known or even thought to have been manufactured

in the medieval Near East are too scant to form the basis of an interpretable
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comparison between them and our results. We are in very great need of

data from factory sites--data thet is comparable to the work presented here,
in respects of archeeological documentation, amalytical precision, analy-
ticel eccuracy, elements determined, and nurbers of samples analyzed.

In the absence of interpreteble comparisons and narrow dating, we
haeve no basis to suggest e focused provenience farthe TWBCG. We conclude
that its source cannot be specified until there may become available a
useful number of comparable results of analysis of archaeoloéically docu-~

mented samples, from arehaeologically documented factory sites.

Part 2. India aend the Origin of Trade Wind Beads

As discussed end cited in Part 1, the belief that trade wind beads
were made in India originated with Beck. It received elaboration in the
writings of Schofield and van der Sleen, and the evidence of Portuguese
documents (discussed in Part 1) made the hypothesis seem plausible.

Very little at all is known archeeologically of the medieval to
modern period in India, ¢. the tenth to nineteenth ceﬂturies A.D. Until
recently there has been very little interest in this period, usually called
the "Muslim" period, but it hoped that the future will hold some informe-
tive excavations of well-preserved "Muslim" sites.

| The suthor examined glass beads and similar glass material from
some’ thirty Indian archaeological sites, mostly ancient, and found that
the Indian material as a whaleAdiffers from the African. WNo pattern of
visual resemblance of Indien to African glass beads was discovered. More-
over, the results of X-ray fluorescence analysis, presented below, are con-

sistent with this visual impression of unrelatedness.



‘ -166-

Most Indian glass bend essemblages of significance are ancient,
belonging to the last centuries B.C. and the first centuries A.D., (per-'
sonal observation; Dikshit 1969) and therefore not comparable to the
African assemblages, which are medieval to modern. In view of the chrono-
logical disparity, it is not surprising that no pattern of resemblance
was found.

Although it is a digression, a2 brief desecription of ancient Indian
glass beads may be of interest. This period is known in Indis as the Zarly
Historic Period, and, in a wide sense, dates from c. sixth céntury B.C. to
¢. the sixth century A.D. A typical assemblage, which has been published,
is that of Nevasa (Sankalis et 2l. 1960).

The ancient Indian glass bead assemblages show & multiplicity of
shapes not found or rare in medieval to modern sites of Africa. For example,
collared beads are nearly ubiquitous in India, as are tablet-shaped beads
(Figure 14). Also frequent are melon heads; blown beads, beads apparently
containing a layer of gold foil, opaque red beads covered with a thin
orange nonvitreous crust, polychrome beads, black and white inlaid beads,
various faceted bea@s, and simple reheated and unreheated cane beads (per-
sonal observations; Dikshit 1969). .In contrast, it is mainly the cane beads
which are typical of Bast Africen sites. Indian essemblages typically have
many stone beads, but these form a small percentage of the East African
assenblages.

The ancient Indian glass beads show many interesting typological
correspondences among different ancient sites, and seem worthy of consid-

erable further study.
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XBL 728-1541

Figure 14. Diagrams of some Indian bead profiles: 1) collared
bead, 2) profile and perimeter, tablet bead, 3) melon bead,
L) section, blown bead.
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With respect to the medieval pericd, India has no large, acces-
sible, well-documented glass bead assemblages securely dated to this time,
¢. 600-1600 A.D. The excavated medieval glass bead material observed by
the author in India consisted of samples which are unreliabie,‘either due -
to their small size or to their incomplete documentation. This maierial
is briefly listed below and the sites may be located in Figure 15. The
naterial consisted of the following: L6 beads from Nagara (cited below)
of which the majority may be ancient (the author is unable to relate the
detailed 1sbels of the beads to the stratigraphy at the site until the
latter may be published); U4 beads, numerous bangle fragments and glass
chunks from the incompletely documented site of Maski (Thapar 195T7; Dikshit
1969); about 100 glass beads from the unpublished site of Kadkal; some 31
glass beads from medieval Kanchipuram (discussed below); some 43 beads
from the medieval locality at Kaveripattinam, Vellaiyam Irippu II (Raman
1968), and some 90 beads from the Muslim—Mafathi leyers at Nevasa (Sankal-
ia et al. 1960). Other medieval contexts, such as the Medical College Site
at Baroda (Subbarao 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 material consists
of' reheated czne beads in the traditional colors of glass. It shows no
narked visual resemblances to the African naterial beyond general likenesses
due to tho fact that the beads are glass. VWhere the material is well-docu-
riented the author requestied samples for analysis, but with negligible
response.  The author did not s=e the unpublished material from Kolhzpur,
but Dikshit (1969) discusses it. He gives little idea as to the extent of
the material, but the beads he describes as typical do not occur in Lfrican

¢i{es a3 far &3 the author is aware.
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The medieval assemblages above seem to contain bead styles that
are typically ancient in India. The published census from Nevasa, for
exemple, indicates that the beads of the Muslim-Marathi period are not
distinguishable, as a class, from the beads of the much earlier Indo-
Roman period at the same site (Sankalia et al. 1960:355ff). This brings
us to the subject of bead chronology in Iudia.

The chronology of Indian glass beads is difficult to understand,
for many of the same bead types seem to occur over long periods. TFor
example, one easily recognizable style, ‘a reheated cane bead of clear
green glass over an opaque yellow ;:ore, also known as the "yeliow matrix"
bead (Sankalia et al. 1960), seems to occur in erchaeological sites over
a time spread possibly as great as 1800 years. At Nevasa this bead occurs
in the Indo-Roman, or Satavahana, and Muslim-Marathi periods, i.e., ¢.
first century B.C. to ¢. third century A.D., and c. .fourteenth to eighteenth
centuries A.D., respectively (Sankalia et g._l__ 1960:355; Dikshit 1969; per-
sonal observation). It occurs in Satavahana (c. 100 B.C.-c. 200 A.D.)
layers at Nasik (Sankalis end Deo 1955; Dikshit 1969; personal observation)
and Ter (Dikshit 1969). It occurs among material dated from ¢. 100-c. 600
A.D. at Akota, ancient Baroda (Subbarzo 1953). Here the bead (personal
observation) came from a leyer (layer T in Trench II) which parily under-
lies a brick structure placed in the third or fourth centuries A.D. (Sub-
barao 1953).

On the above information alone this bead type might seem to belong
to the Satavahana or Indo-Roman period, ¢. 100 B.C.-c. 200 A.D. But this
bead also seems to occur in later contexts. It occurs in the Muslim-Marathi

ievers at Nevasa (Sankelia et al. 1660). Dr. M. G. Dikshit showed the
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author one which he said belonged to the Bahmani pericd at Kolhapur,
c. 1435-1518 A.D.

In bangle form this clear gresn over opaque yellow design was
observed by the author in material from Kanchipuram deted to ¢. 850-1350
A.D. (Raman 1968) and in material from Meski and Kadkal, c. 1512 A.D.
(Dikshit 1969).

The beads bearing this deéign look exceedingly alike, as if they
had the same manufacturing origin and not merely the seme design. The
question thus arises that arose in the African context: whether the long
time span of certain artifacts is illusory or not.

The chronological difficulty described above seems typicai. The
chein 1ink bead, a style which, according to Dikshit (1969}, is character-
istic of the Bahmani period, 1435-1518 A.D., was observed by the author
bearing the label "230 B.C.-285 A.D." emong the material from Maski at the
Hyderabad Museun. Many other similar examples could be given.

Clearly these are problems for chemical enalysis, but it has proven
quite difficult to obtain specimens for study outside India. The green
over yellow bead from the Bahmani layers at Kolhapur was analyzed by X-ray
fluorescence. Tin rather than antimony appears to hafé been the opacifier
in use (Table 16). This is also true of the Bangle fregments of Maski and
Kadkal (Table 16). If the seme is true of the beads from the Satavahana
period, then the Satavahana and other ancient occurrences would appear to
be quite early examples of the use of tin opacifiers.

The clear green over opaque yellow bead style, so widespread in
India, was observed atl one 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 notable similarity that the author found
betwegn assemblages of the two continental regions. To be sure, monochrome
reheated cane glass beads found in Indian sites of any period might go |
unnoticed in a medieval African assemblage~-but so would many an undecorated
potsherd from many parts pf the world, and it is risky to base a hypothesis
on such nondescript materials as monochrome cane beads occurring in the
basic, traditional, globally-distributed colors of glass.

Although we have no comprehensive archaeological picture of medieval
India, or of its glass beads, some fragmentary evidence of glassworking
during this period has been revealed. Possible glassworking sites of the
medieval period are Maski, Kadkal, Paithan, Sirpur, Nagara, and Kanchi-
puram (Map, Figure 15).

Maski and Kaedkal are eleven miles distant from one another and yield
quite similar glass material, including chunks, lumps, bangle fragments,
and beads (Dikshit 1969; personal observatién). The sites are dated to
¢. 1518 A.D. 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.

Paithan (unpublished) yields meterial similar to that of Maski and
Kadkel. Althoush the site is usually considered ancient, the writer observed
sherds of apparenti Chinese celedon and blue-and-white wares among the mat-
erigl from that site, and the site figures in medieval histories as a trad-
ing center (Sinna 1964).

Sirpur (unpublished) is numismaticelly dated to g¢. the thirteenth
century A.D. (Dikshit 1969). It yielded crucible sherds lined with glass,

as well as glass artifacts of hoth monochrome and polychrome design.
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Negara is & site two miles north of Cambsy in Gujerat. It yielded
glass lumps and apparent slag. The site was excavated by Mehta, has been
pertially described (Ghosh 1966, 1967; Mehte 1962), and is currently
under study.

Kanchipuram is a historic South Indian city. Its exact time of
origin is unknown, but it has apparently existed continually throughout
the two millennia A.D., and it still exists today (Subrahmanyem and Ramen
1967). The glass specimens examined by the author were dated c¢. 850-1350
A.D. (Remen 1968) and would thus belong to the Chola period, c. 850-1300
£.D. (Panikkar 1963; Sinha 196L4). This find is interesting in view of
Chau Ju Kua's statement that the Chole kingdom exported transperent and
opaque glass (Hirth and Rockhill 1912:96). Tne nature of production at
Kanchipuram is unclear, but the artifacts included transparent and opaque
glass, as well as two glass-lined crucible sherds (personal observation).
The site is currently under study, and glass samples have been promised us.
Results

Tebles 15 and 16 present the results of X-ray fluorescence analysis
of.samples from four of the six possible medieval glassworking sites. Also
presented esre a few glass samples from the Indian Early Historic Period, as
well as semples from 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).

These data may be compared wit.. 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 general similarities core apparent between the Indian samples
and beads of the TWECG. All the specimens are apparently made in a tradi-
tion in which tin rather than antimony is the opacifying agent. Lead is
used as an additive rather than as a basic ingredient.

However, there are important specific differences between the
Indian samples and the TWBCG. In the latter, manganese is rarely used.
Black, in the TWBRZG, is almecst always created by an excessively dark green,
un effeet due to iren.  However, mangancse is apparently the agent used to
give black in the specimens found at Kaveripattinam. In trade wind beads
the zirconium, strontium, and barium consistently run around 0.01-0.03%,
0.02-0.03%, and 0.04-0.08% respectively. The concentrations of these ele-
ments in the Indian samples do not follow this pattern, nor do they exhibit
a pattern of their own.

In none of the Indian samples was uranium detected, whereas it was
usually detected in beads of the TWBCG. In the latter, the average urapium
is 112.43 = 54.91 ppm. This is well above the usual threshold (v 50~T0
ppm) for detection of uranium by X-ray fluorescence in o experience. If
the Indian beads were like the TWBCG, then one might eipect a normal dis-
tribution of urenium values around the sane mean. If the standard deviation
vere similar, then one might expect over two-thirds of the Indian beads to
show detectable uraniuwn on X~ray fluorescernce. However, as noted above,
this was not the case.

Cur particular Indian samples were generally not well-documented.
Much of the material is surface or collacted 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, the sites and excavations have never been published
except as mentioned by others (Dikshit 1969). Thus, when X-ray fluores-
cence of Indian samples did not yield reason to proceed with further
aielyses, particularly in the absence of satisfactory documentation of the
samples and/or the sites, the semples were set aside.

The above X-ray results, representing the mejority of known medieval
factory sites, do not support the hypothesis of trade wind bead manufacture
in India. On the other hand they provide no definitive disproof--our samples
are few.

As seen from the above, the hypothesis of trade wind bead manufce-
ture in Indie rests upon no foundation of chemical data. Moreover, the
other evidence originally put forth to support this hypothesis virtually
evaporates under close examination in the light of present standards. The
vagueness of the term "trade wind beads" has.already been discussed. Van
der Sleen claimed he "could prove" the Indien menufacture of these beads
(1965:39%). His proof, as such, was never offered in the literature, and
therefore the extent.of his evidence isunknown: but he indicated that some,
if not all, of his evidence was the finding of 2-5% phésphates in trade
wind beads end in Indian beads (1960, 1967). The presence of phosphates,
however, is not diagnostic of eny particular glass manufacture. They are
quite common in many kinds of glass (Turner 1956b:162-164T; 1956c:290T),
and 2-5% is a typical amount.

Beck also called attention to similerities between glass beads found
in India, Southeast Asia, and East and southern Africa. Beck's bead collec-

tion is now preserved in the Museum of Archeeology and Ethnology, Cambridge,
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and it is possible tc view the beads from which he apparently made his judg-
ments. These beads consist mainly of surface collections and other undocu-
mented material, and they appear to be quite mixed. They include beads'which
would fit into African sites, others which would fit into anciént Indien
sites, and others which would fit into nineteenth-century semple sets. A
hypothesis based on this undocumented evidence cannot be regarded as firmly
grounded.

A pilot's account (Lavanha 1957, in Theal 1964:II, 303) is the mein
comtemporary report indicating that ceramic beads found in Africa were mede,
as distinct from purchased, at Negapatam, but it is not clear whether Lavanha
was referring to clay or to glass, although glass Seems more iikely.l8 In
any case no archaeological evidence of the manufacture and sxport of any
beads has yet come to light at Negapatam.

In evaluation, present evidence indicates that the hypothesis of
manufecture in India of giass beads found iﬂ Africe is neither proven, nor

disproven, nor well-founded in the first place.

18Clay products are usually brownish or grayish, and Lavanha's mention of

beads of clay "of all colors" mskes one doubt that they were clay. The
reference may have been to trade wind beads, vhich sre easily confused with
clay beceause of their low chroma and their opacity. The writer has observed
colleagues make the éame mistake when exemining trade wind beads for the
first time. De Couto, who lived from 1542-1616, may have made the same

mistake as well (in Theal 196L:VI, 368).
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Pable 6. Trade Wind Bead Chemicsl Groups

Neutron Activation Analysisa’b
Samnle Provenience® Color
FJE=A2-1 Fort Jesus black
PJE-A2-2 " w
FJE=A4-1 " green
FJE=A4-2 " : "
FJE-A4-3 "o w
FJE-A6-1 " Indian red
FJE-AG-2 " : "
FJE-AB~1 " greenish-yellow
FJE-A3-1 " yellow
FJE=-A35=2 " ) "
FJE-AT-1 " orange
FJE-X-1 " pale cobalt blue
FJE-A-1 " cobalt blue
LUA-1a Iuanze black
\A-1c " "
LUA-8a " blue-green
LUA-T N : green
LUA-4a " Indian red
LUA-3a " : greenish-yellow
LUA=5b " yellow
LUA-9a " cobalt blue
LUA_g'b " ' n
DAM-4 Dambarare green
DAM=-1a " Indian red
DAM-1b " "
DAM‘IC [} . "
DAM-2a " "
DAM-2Yb M "
DAM‘3 " : c Oba 1t blue
MAT=3 Matendere black
MAT-1 " Indian red
MAT-GRY20 " greenish-yellow
MAT-GRY21 " "
MAT-GRY22 " "
MAT-13 " : yellow
MAT-10 ¥ cobalt blue
DHI~1353a Dhlo Dhlo blue=green
DHI~1353%b ® . W
DHI~135%c " "
DHI~1353%d " "
DHIP' 1 3 5 3 e " 1]

DHI~1353f " "
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DHI~1352a Dhlo Dhlo cobalt blue
DHI~1352b " w
DHI~1352¢ " "
DHI~13524 " "
DHI~1352e " . 1
DHI=1352f " W

VOH-9 Vohémar | green
VOH=-3 " blue-green
VOH-4 " "

VOH~-1 " Indian red
VOH"Q ”" 1]

VOH-T7 " yellow
VOH-8 " u

VOH-5 - " cobalt blue
VOH"G 1" " -
KI1-IR14 Kilwa, Period II Indian red
KI1-IR1l1 " w "
KII-IR1l2 " Period I1Ib "
KII—-GRY12 " " greenish-yellow
KII~GRYS8 " v "
KI1-IWK1 " " blue-green
KIL-IWK2 " " "
KIL-GRY1l " Period IV greenish-yellow
KIL-GRY10 " " "
KII~-GRY1 " " "
KII~-MBG i " black
KII-MBG1 " " "+ green

KI Ir*MBGE tn " "
KI1-MBG3 " " black

KI IJ"‘NBG 4 it } [ 11
KII~MBG5 " " orange
KII~IR17 " " Indian red
KII-IRls =~ " " "
KII~IR1l6 ", " "
KI1-IR18 " " "
KII~GRY4 " " greenish-yellow
KII-~GRY6 " " "
KII~GRYS u " "
KII~GRY?7 “ " w

GER-~1la Kilwa (Gereza), Period V green
GER-1b " "

GI'R~-14d " "

GER=1e " "

GER-1c " "

GER-2a " . cobalt blue
GER-2b " u

GER-2¢ " "

GER-2d " u

GER-Ze n n
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BAM-S38a
BAM-=-S38b
BAM=-S38c
BAM-S38d

CHI-1
CHI-GRY17
CHI-GRY18
CHI-GRY1Y
CHI-2

NYA-GRY16

KHA-4770a
KHA=-4770Db

MAK- 1
MAK=2
TUs-1

ING=-GRY13

ING-GRY14
ING=-GRYZ2

ENG-IR10

MOD-22a
MOD-2b
MOD-2c¢
MOD-24d
MOD=2e
MOD-2f
MOD-6

MOD=-5a
MOD-5b
MOD=5c¢

MJE~15a
MJBE~-S
MJE=-3al
Md E=3%a2
MJs~%a®
MJE=8a

STA=1%9a
STA-139b
POR=%4
MAN-23a1l
MAN=-23%a2
KAB=10
KAB~201

Bambandyanalo
t

114
"

Chibvumani
"

"
1]
"

tyangwe Fort

Khami
it

Makoli
11
ILutsaka Cave Site

Ingombe Ilede
un

Engaruka

Mod jad je's location

Mjelele Valley Burial
n

"
"
"
"

Santa Ana (Philippine Is.)
1] (1]

Porac
Manunggol
”n

Kab'wan
1]

it
"
"
L)
LU

Indian red
1]

n
L]

blue=green
greenish-yellow
L

Indian red
greenish-=yellow

Indian red
1] .

orange
yellow
"

greenish-yellow
"

Indian red

blue~-green
®

yellow
cobalt blue
1]

black
blue=green
1"

L}
"

yellow
black
"

Indian red
1]

yellow
"
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Table 6. continued

L

Sample Al (%) c1l (%) Mn
FJE=A2-1 3.03 +0.06 1.01 *0.12 684
FJE=A2-2 3.60 *+0.30 1.06 *0.14 340
FJE-A4-1 2.98 +0.24 1.67 £0.13 519
FJE=A4=2 3.47 + 0.07 1.27 £0.14 408
FJE-A4=3 3.50 +0.10 1.34 £0.15 679
FJE=-AG-1 3.64 +0.13 1.80 +0.15 704
PJE=-A6-2 3.55 +0.09 1.22 *0.14 512
FJE-AB~1 3.99 +£0.18 1.17 *0.09 407
FJE=A3=1 3.46 *+ 0.36 1.70 +£0.20 516
FJE=-A3=2 3.56 +0.08 1.12 +0.14 486
FJE=-AT-1 2.69 +0.10 1.32 +0.12 1,041
FJE~X-1 2.95 +0.13 1.57 *+0.14 872
FJE-A-1 3.91 +0.08 1.5% *0.15 655
LUA-1a 3.64 +0.11 1.86 +0.20 328
LUA-1c 4.38 +0.08 1.52 +£0.21 562
LUA-8a 3.06 +0.13 1.29 £0.20 309
LUA-T 4.38 +0.13 1.21 +0.18 425
IUA-43 3.88 +0.27 1.42 +0.25 - 510
LUA<32 3.92 +0.24 1.93%3 +0.21 334
ILYA-5D 3.98 +0.19 1.62 +0.21 306
LUA-Qa 5.01 = 0.37 1.11 +0.38 431
LUA-9b 3.91 +0.34 1.52 +0.20 302
DAM-4 4.22 +0.25 1.79 *0.25 462
DAM-1a 3.72 +0.46 1.51 *0.25 766
DAM-1b 3.55 +0.28 1.02 £0.31 534
DAM=1c 3.12 +0.21 1.73 +0.26 555
DAM=-23 3.70 +0.09 1.03 £0.18 517
DAM-3 3.350 x0.15 1.18 *0.20 322
MAT-3 4.69 *0.22 1.44 +0.25 394
MAT-1 4.40 +0.29 1.61 *0.21 312
MAT-GRY20 3.86 +0.08 1.69 *0.15 373
MAT-GRY21 4.04 =+ 0.12 1.91 +0.16 284
MAT-GRY22 3.71 +0.15 1.72 +0.15 367
MAT=1% 3.67 +0.26 1.25 20.22 331
MAT-10 4.05 +0.24 1.23 *0.23 868
DHI~13%%3a 4.55 *0.15 1.84 *0.23 351
DHI~135%b 2.77 *0.21 1.41 *0.27 286
DHI~135%¢ 3.91 *0.17 1.26 *0.17 280
DHI-1353d 2.99 £ 0.30 1.98 *0.21 376
DHI~135% 2.06 *0.12 1.40 *0.19 172
DHI~1353f 3.18 *0.13 1.55 *0.17

253
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DHI~13522 3.30 + 0.19 2.00 + 0.31 262 + 30
DHI~1352b 3.56 * 0.20 1.70 * 0.25 299 + 25
DHI~1352¢ 4.37 * 0.46 1.23 %= 0.35 308 + 36
DHI~13524 4.42 * 0.49 1.91 * 0.29 311 + 30
DHL~1352¢ 2.95 * 1.03 1.52 * 0.38 367 + 41
DHI~1352f 4.53 * 0.18 2.06 * 0.33 1,128 + 42
VOH-9 5.82 * 0.59 1.38 £ 0,28 475 t 24
VOH-3 3,42 * 0.17 1l.11 % 0.25 296 ¢ 17
VOH-4 3,35 + 0,21 1.48 % 0.25 206 + 18
VOH-1 4.28 * 0.13 0.56 * 0.21 429 * 15
VOH=2 4.19 * 0.16 0.61 = 0.21 436 * 17
VOH=-7 2,27 + 0.18 1.08 t 0.23 321 & 3]
VOH-8 4.19 + 0.35 1.41 ¥ 0.25 330 + 19
VOH-5 2.64 + 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~TR1l1 3.62 * 0.31 1.12 # 0.12 404 * 13
KII-IR1?2 4.74 + 0.08 1.53 * 0.1% 582 * 16
KIL-GRY12 4.28 * 1.06 1.58 * 0.12 288 * 43
KIL-GRYS 4.09 * 0.21 1.49 % 0.11 452 t 38
KIL-IWKL 3.71 # 0.09 1.23 % 0.20 371 + 16
KIL-IWK2 3.58 + 0.1C 1.88 * 0.19 420 * 16
KII~-GRY1ll1 4.99 * 0.53 1.55 2 0.12 466 * 44
KIL-GRY10 4.47 # 0.28 1.81 #0.11 450 * 37
KII~GRY1 -d - 488 * 19
KII-VMBG ~d ~d 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
KIT-MBG3 3.12 + 0.14 1.26 * 0.20 386 t 14
KII~MBG4 4.62 + 0.20 1.27 * 0.18 680 *+ 16
KII-MBGS 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 * 17
KII~IR18 3.32 * 0.07 1.40 *0.14 506 * 12
KII~-GRY4 5.0% * 1.01 1.54 * 0.11 451 * 32
KIL-GEY6 4.57 + 0.14 1.30 *0.14 453% £ 22
KIL-GRYS 5.32 2 0.23 1.40 * 0.10 546 * 35
KIL-GRY7 4.91 + 0.22 1.37 *0.11 523 * 36
GER-1a 4.21 *+0.10 1.60 *0.19 342 t 13
GER-1b 3.86 + (0.18 1.35 * 0.18 %43 t 13
GER-1d 2,82 * 0.39 1.42 * 0.19 388 * 15
GER-1e 4.€62 * 0.65 1.2% *0.21 349 * 19
GER-1c 4.08 £ 0.25 1.46 *0.18 382 14
GER-2a 7,81 * 0.13 1.57 *0.19 204 * 16
GER-2b 3.64 *0.17 1.76 *0.20 296 18
GER-2¢ 2.72 + 0.22 1.57 *0,19 294 * 18
GER-~2d 3.24 +0.31 1.80 +0.20 287 + 19
GER-2e 2.8% + 0.54 1.68 *0.22 292 122
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BAM"Sssa 4 ° 47

+ 1.42 1.14 +0.24 597
BAM-S38b 4.42 * Q.13 1.26 + 0.23 387
BAM-538¢c 4.86 * 0.52 0.68 +0.22 532
BAM-S38d 4.44 * 0.17 1.03 :0.25 405
CHI-1 3.10 + 0.08 1.49 + 0.19 267
CHI-GRY17 3.45 % 0.09 1.78 + 0.14 404
CHI-GRY18 2.15 * 0.16 0.80 :0.11 240
CHI-GRY19 5.21 % 0.28 1.71 + 0.19 517
CHI-2 4.05 * 0.18 1056 + 0019 311
NYA-GRY16 4.09 * 0.25 1.48 +0.16 442
KHA=4770a 3.27 + 0.39 1.50 +0.25 540
KHA=-4770b 4.48 * 0.33 1.43 + 0.29 543
MAK=1 3.69 t0.16 1.11 £0.12 437
MAK=2 2.50 *0.10 1.24 +0.13 660
LUS“']. 3-42 * Oo 46 19 17 + 0017 379
ING-GRY13 3.54 * 0.08 1.33 £ 0.14 505
ING-GRY14 3.50 *0.37 1.57 *0.16 352
ING-GRY? ~d ~d 380
ENG-IR10 ~d -d 502
MOD=2a -3.57 +0.16 1.06 *0.14 299
MOD-2b 3.73 +0.28 1.42 +0.17 286
MOD=2¢ 2.21 +0.62 1.17 +0.23 306
MOD=2d 3.30 +0.13 1.31 +0.19 322
MOD-2e 3.4 *0.18 1.70 +0.21 299
MOD~-2f 3.17 *0.27 1.91 +0.25% 259
MOD"S 2.71 x 0021 1034 + 0023 229
MOD=5b 3.45% *0,24 1l.44 +0.21 368
MJE-15a 3.36 +0.16 1.46 +0.28 2,720
MJE-5 3.17 £0.24 1.357 +0.24 247
MJE-3al 35.17 *0.19 1.40 +£0.18 236
MJF-3%a2 2.78 +0.33 1.89 +0.22 272
MJE-3a3 3.08 20,58 1.45 +£0.27 267
MJE-Ba 4.61 *0.47 1.01 +0.15 528
STA-139n %.10 *0.30 2.12 *0.23 368
STA--138b 4.3% *0.41 2.20 +0.23 311
POR=-34 5.0 0,23 1.00 +0.10 -
MAN-23al 3.97T £0.10 0.48 +0.14 818
MAK=-23a2 72.86 *+0.08 0.50 t0.16 817
KAB-10 3.70 1(C.13 1.42 *£0.15 1,487
KAB-201 4.40 * 0,37 1.30 *0.36 384
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Table 6. continued

Sample Na (%) cu® U
m-au.m-bb_wiuv HW.O@ * Oou.&. =€ qmo&.m o OO&N
PJE=A2-2 14.19 * 0.12 -€ 111.51 + 0.563
H»Jh.web.&.nuu. .._.b.omm % Oon mcmmm * HN@ HMwowH + o'mm
FJE=A4=2 15.34 % 0.18 3,162 + 121 86.12 + 0.46
PJE=-Ad4=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-AG6-2 16.40 * 0.21 3,991 ¢ 113  136.16 * 0.53
FJE-A8-1 15.36 * 0.13 -€ 55.86 + 0.26
FJB-A3-1 15.84 * 0.15 =& 81.05 : 0.47
PJE-A3=2 14.98 * 0.13 =& 122.54 *+ 0.65
PJE-AT-1 14.14 * 0.15 -8 125.11 + 0.66
FJE~-X~1 14.71 * 0.14 =€ 65.83 * 0.37
FJE-A-1  15.22 * 0.14 - 84.47 + 0.27
LUA-12 15.37 * 0.17 um 192.50 + 1.07
LUA-1c 14.45 * 0,25 - 165.66 + 0.9%
LUA-8a 15.76 * 0.17 4,507 + 145 90.40 * 0.53
LUA-4a 14.14 * 0.15 4,250 + 172 69.89 + 0.46
LYA=-38 15.71 * 0.17 - 64.66 + 0.37
LUA-5b 15.75 * 0.17 ~€ 93.96 * 0.54
LUA-92 14.38 t 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
U.Pgl-”—.m ..—-m-u.m : OQHQN W.A.&.W S H.NW HWH.@P b X Do\NQ
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=23 13.75 ¢+ 0.18 6,407 + 155 a58.00 + 0.54
DAN~2Db 14.97 * 0.19 5,163 & 150 89.50 + 0.50
DAM-3 15.30 * 0.20 -e 124.94 + 0.68
MAR-3 15.29 ¢ 0,21 -€ 95,94 + 0.51
MAT-1 14.06 + 0.20 5,347 + 169 99,27 + 0.52
MAT-GRY20 15.72 * 0.153 - 117.07 *+ 0.65
MAP-GRY21 15.82 * 0.14 - 117.52 + 0.66
MAT-GRY?2?2 15.34 * 0.13 - 114.08 *+ Q.64
MAT-13 12.88 ¢t D.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 * 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 * .21 5,272 + 180 31.90 ¢+ 0.18
DHL-1353e 14.02 * 0.13 3,487 + 150 38,30 + 0.24
DHI~1353f 15.83 * 0.14 5,132 + 139 87.07 ¢+ 0.21
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DHI~1352a 14.42 2 0.21 =€ 8C.33 ¢+ 0.45
DHI~1352b 15.29 * 0.20 1,519 ¢ 180 41.83% + 0.23
DHI~1352¢ 15.67 t 0.2% ~€ 64.17 + 0.38
DHI~13524 16.10 t 0.22 - 91.20 + 0.46
DHI-1352e 15.34 t 0.22 -g 40.62 * 0.27
DHI~1352f 16.54 * 0.23 - 166.15 + 0.96
VOH=9 14.50 * 0.17 5,503 * 200 168.83 + 0.89
VOH=3 15.15 * 0.17 4,726 * 176 95.23 + 0.593
VOH=-4 14.98 * 0.17 4,888 * 182 32.39 ¢ 0.52
VOH=-1 12.76 +0.18 6,312 * 178 87.81 + 0.47
VOH-2 12.89 : 0.18 6,470 * 184 89.25 + (.48
VOH"7 13.42 t 0-20 “‘e 78006 + 0043
VOH-B 13'57 i 0'16 =€ 79014 x 0045
VOH-5 14.93 *0.17 = 74.56 * 0.46
VOH=6 14.64 *0.17 € 153.64 * 0.81
KIL~-IR14 13.82 +0.18 2,585 * 98 84.70 * 0.33
KIL-IR11 13.04 £ 0.1§ 5,542 t 108 69.73 ¢ 0.28
KIL-IR12 16.84 *0.21 1,740 * 100 175.53 + 0.67
KIII"G‘RY12 15-50 * 0016 “e 102-14 t 0043
KII-IWK1 15.98 +0.27 5,640 £ 175 152.30 * 0.83
KII-INK2 15.32 *0.25 5,449 * 164 126.44 * 0.69
KII~GRY1l 16.74 +0.18 -8 147.57 * 0.74
KIL-GRY1D 15.28 *0.16 -€ 238,38 + 0,92
KII~GRY1 14.26 *0.14 -g 172.16 + 3,91
KIL-MBG 15.02 *0.25 - 180.31 * 3.3%
KII~-MBGl 16.82 *0.28 3,043 * 149 178.57 * 0.97
KII-MBG2 17.27 +0.29 2,568 * 150 261.15 * 1.41
KIL-MBG3 15.78 *0.19 -2 180.04 * 0.99
KII~-MBG4 14.5% +0.18 -8 123.76 * 0.69
KII~-MBGS 13.3%% Q.17 - 21%3.45 £ 1,13
KIL-IR17 14.47 *0.19 1,339 * 89 191.30 * 0.74
KII-IR15 16.69 *0.21 2,227 ¥ 9§  121.95 * 0.47
KIi-IR16 16.79 *0.21 2,210 * 100 120.26 * 0.46
KII-IR18 16.84 *0.21 1,440 * 93  113.60 * 0.44
KII~GRY4 15.46 $0.16 - 180.28 * 0.72
KIL-GRYA, 15.67 *0.18 =€ 190.57 * 1.00
KII-GRYS 1%5.18 *0.16 -& 178.92 * 0.69
KIL-GRY7 16.64 10.18 - ~d

GER-1a 15.3%30 10.15 5,941 * 136 86.54 * 0.52
GER-1b 15.1% +0.15 5,910 * 131 84.29 * 0.51
GElr~1d 15.38 *+0.15 5,705 * 129 86.06 * Q.51
Gii=-1e 15.4% 10,15 6,069 ¥ 144 88.58 * 0.5%
GER~1c 15.10 20.15 6,184 * 127 123.90 * 0.72
GER=-2u 16.27 *0.,16 - 79.14 * 0.4
G2R=Ch 15.85 *0.16 - 74.93 ! 0.46
GER~2c 16.04 *0.16 -2 77.17 * 0.47
GER=-2d 16.19 *0.16 ~C 17.54 * 0.47
GER-2e 16.05 *0.16 -~ 76.68 * 0.48
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BAM-S38a 1%.12 + 0.12 6,173 + 160 83.98 + 0.48
BAM-S38b 12.96 + (.19 3,743 + 180  169.52 + 0.87
BAM-338c 9.73 + 0.1 4,107 + 166 72.30 + 0.42
BAM-S38d 12.33 & 0.10 4,383 + 202 98.16 * 0.53
CHI-1 16.23 + 0.28 6,765 + 178 121.58 * Q.71
CHI-GRY17 17.18 * 0.20 -€ 89.48 t 0.48
CHI-GRY18 9.60 + 0.11 ~& 60.48 * 0.33
CHI-GRY1S 14.69 : 0.13 - 307.58 * 1.68
CHI-~? 17.49 + 0.19 3,734 * 127 190.56 * 1.02
NYA-GRY16 17.24 + 0.16 - 277.64 * 1.47
KHA-47702 14.60 + 0.20 4,873 + 184 141.90 * 0.73
KHA-4770b 16.18 *+ 0.19 7,624 + 217 27.76 + 0.22
MAK-1 15.05 + 0.12 - 179,12 ¢ 0.70
MAK=2 15.08 + 0.12 =& 113.92 + 0.46
LUs-1 - 14.25 + 0.11 -€ 111.79 £ 0.44
ING-GRY13 16.57 + 0.18 =& 127.71 £ 0.67
ING-GRY14 14.70 + 0.14 -e 325.57 £ 1.72
ING-GRY2 13%.91 + 0.14 -€ 100.45 * 7.47
ENG-IR10 13.20 + 0.21 5,275 t 203  151.51 * 1.21
MOD-22 14.9% =+ 0.13 5,725 t 125  102.66 * 0.48
MCD=-2b 15.45 + 0.14 5,205 + 138 58.15 * 0.30
MOD=-2c 14.42 + 0.14 5,447 + 182 93.82 * 0.51
MOD-24d 14.06 + G.14 4,217 + 157 30.22 * 0.21
MOD-2¢ 15.11 * 0.15 5.%358 * 174 76.22 * 0.42
MOD-21 16.%2 + 0.16 4,354 * 186 31.11 £ 0.23
MOD-6 14.72 + 0.13 - 99,20 * 0.55
MOD-5a 14.94 + 0.14 =€ 79.00 * 0.47
MOD-5b 15.0% + 0.14 =€ 98.15 * 0.58
MOD-5¢ 15.28  0.16 - 79.69 * 0.58
MJE=~15a 15.57 + 0.20 - 167.29 t 0.96
MJIBE-5 £,29 1+ 0.13 3,940 * 152  106.31 * 0.59
MJE-3al 14.56 + 0.12 4,841 + 115 53.48 t 0.31
MIE~%az 14.75 *+ 0.13 4,045 £ 134 74.13 * 0.42

JE-3a% 15.42 * 0.14 6,207 173 66.72 * 0.42
MJ E-Bn 12.68 + 0.1} =€ 86.21 * 0. )
STA=139as 16.93 *+ 0.22 -€ 63.89 * 0.39
STA-13%b 15.16 * 0.20 -€ 1061.96 * 0.59
POR=3%4 - -e 54.53 * 0,32
MAN=2341 8.75 # 0.12 22,632 t 320 88.32 * 0.52
MAN=-2%a2 B.64 *0.14 25,381 t 411 87.28 * 0.50
KAB-10 15.16 +* 0.19 - 93%.21 * 0.53
KAB=201 11.87 * 0.20 -€ 64.35 * 0.40
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Table 6. continued

Sample Sm cof Se
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
PIE=-A4-2 2.10 = 0.13 13.13 + 0.23 3.11 +£ 0.02
FJE-A4-3 3.83 * Q.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-AB-1 2.33 = 0.09 B.08 + 0.25 3.60 £0.04
FJIE=A3-1 1.67 +0.14 5.68 t 0.35 2.2% +0.04
FJE-A3=2 2.11 *0.20 B.33 + 0.21 2.62 0.03
FIE-AT-1 2.62 *0.18 T.72 + 0.24 3.63 + 0.03
FJE=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-1a 6.28 * 0.14 16.76 = 0.32 6.10 +90,04
ILUA-1c 4.66 * 0.22 34.70 + 0.45 T7.10 +0.04
IUA-Ba 3.23 * 0.12 183.98 + 2.08 5.58 = 0.05
IUA-T 3.95 £ 0.09 64.01 = 0.67 7.71 +£0.04
LUA-4a 5.1% * 0,10 9.90 * 0.42 6.16 +0.07
LUA-3a 3.79 +*0.10 6.48 * (.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-Ob 3.93 £ 0,21 482.38 + 4.97 6.26 *0.07
DAM-4 5.7 £ 0.25 28.22 + 0.56 7.16 +0.05
DAM-1a 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-1c 35.90 £0.19 27.59 * 0.64 5.52 *20.06
DAV-22a 4.85 *0.11 -17.05 * 0.32 5.91 20.04
DaM~2h 4.04 * 0,09 34.56 * 0.47 8.84 +0.04
DAM=3 3.76 *0.15 323.32 + 2.98 -3.53 %0.05
MAT-3 3.72 *0.14 46.98 + 0.64 6.771 +0.05
MAT-1 4.06 *0.14 11.59 + 0.28 7.47 +=0.04
MAT-GRY20 4.94 *0.19 10.31 £ 0.26 6.21 +0.04
MAP~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 * 0.26 6.46 +0.04
MAT-10C 3.84 1 0.09 809.27 * 6.93 5.03 20.09
DHI~135%a 3.50 *+0.14 14.45 * 0.35 5.2% +0.04
DHI~135%b 2.85 * 0.18 138.23 + 1.54 4.00 *0.0%
DHI~135%¢ 2.12 * 0.03% 47.95 1 0.5% 2.52 £0.03%
DHI~1353¢ 1.93 * 0.05 48.18 + 0.63 2.56 *0.0%
LHI~135%¢ 1.3%4 + 0.07 76.90 +-1.10 2.0% *0.04
DHI~-1%5%f 1.74 * 0.06 28.12 * 0.47 2.77 *0.03%
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BAM-S38a
BAM-S38Db
BAM-538c
BAM-S384

CHI-1
CHI-GRY17
CHI-CRY18
CHI-GRY19
CHI-2

NYA-GRY16

KHA-4770a
KHA-4770b

MAK-1
MAK-2
Lus-1

ING=-GRY13
ING~GRY14
ING-~GRY2

ENG-IR10

MOD-2a
MOD-2b
MOD-2c
MOD--24d
MOD-2e
MOD-27
MOD-6

MOD~5a
MOD-5b
MOD-5¢

MJE=~15a
MJE~S
MJE-3al
MJE~3a2
MJIE~3a3
MJE~Ba

STA~1392
STA~139b
POR~34
MAN~228l
MAN~23a2
KAB~10
KAB-201

6.01
4.65
5.54
3.73

2.39
4.00
2.72
8.14
5.50
6.41

3.47
4.64

2.78
2.45
1.98

2-94
4.39
6.03

8.91

3.58
2.98
3.14
1.49
2.75
3.05
2.46
4.17
3.36
3.45

3.29
2.71
2.67
2.96
3437
4.22

4.30
4.04
4.00
4.72
4.64
3.01
5.76

L5 S L

O

i+ +

[20NE L

oo

I+

1+ M

H M

[E NS T A b

0.13
0.24
0.11
0.14

0.16
0.14
0.10
0.50
0.21

0.43

0.20
0.05

0.26
0.17
0.16

0.19
0.50
0.59
1.16

0.16
0.10

0.16

0.06
0.13
0.06
0.13
0.13
0.16
0.15
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0.14
0.07
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0.09
.10

0.10
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0.08
0.13
0.12
0.13
0.10
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7.29
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17.75
9.13
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23.25
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9.99
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10.25
8.60
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48.43
71.02
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11.25
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Table 6. continued
Sample Fe (%) Yo Ta
PJE-A2-1 1.52 + 0,03 1.21 + 0.06 0.5% £ 0.00
FPJE-A2-2 1.23 £ 0.03 1.33 + 0.08 0.56 * 0.01
FJE-A4-1 1.74 £ 0,03 1.84 +£.0.07 0.55 £ 0.01
FJE-A4-2 1.11 £ 0,02 0.83% + 0.06 0.42 £ 0.01
FJE~-A4~3 2.66 * 0.05 1.39 + 0.10 0.54 £ 0.01
FJIE=-A6-1 2.82 £ 0.04 1.53 + 0.05 0.54 £ 0.01
FJE-A6-2 1.47 £ 0.02 0,69 : 0.04 0.45 £ 0,00
FJE-AB-1 1.11 # 0.03 1.03 +0.08 0.57 £ 0.01
FJE-A3-1 0.68 = 0.04 0.57 + 0.11 0.37 = 0.01
PJE=-A3--2 0.78 £ 0,02 0.66 + 0.07 0.47 * 0.01
FJE-Af=1 1.04 £ 0.03 0.98 + 0.08 0.35 £ 0.01
FJE-I~-1 1.%2 * 0.03 1.09 + 0.08 0.33 £ 0.01
FJE=i~1 1.29 £ 0.06 0.74 +0.14 0.50 £ 0.01
IUA-la 1.41 * 0.03 1.36 £ 0.08 0.57 + 0.01
TUA-1c 2.67 £ 0.04 1.78 + 0.08 0.63 ¢+ 0.01
LUA~Ba 1.54 £ 0.04 1.23 +0.11 0.50 £ 0.01
TLUA~T 2.64 *0.04 1.49 *0.07 0.66 * 0.01
LUA-4a 2.66 *0.07 1.62 + 0.16 0.65 * 0.02
PRILCAE] 1.2 * 0.03 1.63 + 0.08 Q.57 + 0.01
LUA-5b 1.67 * 0.04 1.49 + 0.09 0.56 = 0.01
LUA-9a 2.25 £ 0.12 0.90 £ 0.35 0.52 £ 0.03
LUA~9D 1.78 = 0.05 1.23 £ 0.13% 0.51 £ 0.01
DAM-4 2.37 *0.04 1.69 £ 0.10 0.86 £ 0.01
DAM-1a 2.66 0,05 1.28 + 0.10 0.48 = 0.01
DAM=-1b 2.47 * 0.06 1.04 £ 0.13 0.44 * 0.01
DAM-1c 2.69 % 0.06 1.48 + 0.13 0.45 * 0.01
DAM-2a 2.57 ¥ 0.04 1.86 + 0.09 0.73 = 0.01
DAM-2b 3.80 * 0.05 1.35 £0.08 0.50 £ 0.01
DAM-3 1.35 * 0.04 0.82 £0.10 0.36 = 0.01
MAT=3 2.67 *0.05 1.37 + 0.09 0.58 t 0.01
MAT=1 3.75 * 0.05 1.41 +0.09 0.54 * 0.01
MAT-GRY20 1.67 * 0.04 1.73 +0.10 0.71 = 0.01
MAT-GRY21 1.70 * 0.04 1.60 +0.10 0.68 = 0.01
MAT-GRY22 1.67 % 0.04 1.60 +0.10 0.67 ¥ 0.01
MAT-13 1.86 * 0.04 1.61 +0.09 0.63 * 0.01
MAT~10 1.41 * 0.05 1.66 = 0.15 0.60 * 0.01
DH1~-1353%a 1.45 * 0.03 1.26 +0.08 0.48 = 0.01
DHI~135%b 1.06 * 0.04 0.89 *0.11 0.46 £ 0,01
DHI~13%5%¢ 0.69 * 0.02 0.84 +*0.05 0.32 * 0.02
DHI~1353%d 0.79 * 0.02 0.69 *0.06 0.31 * 0.01
DHI~13%353%e 0.62 % 0.03 0.51 +0.09" 0.38 * 0.01
0.80 * 0.02 .63 *0.06 0.34 * 0.01

DHI~1353%%
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Sample

FJE~A2~1
FIBE-A2=2
FJE~24-1
FIE~A4-2
FJE~A4=3
FPJE-A6=~1
FJE~A6-2
FJE~AB-]1
FJE~A3-1
FJE=A3=-2
FJE~AT-1
FJE~X~1

FJE~-A-1

LUA~1a
LUA~1lc
1UL-Ba
LUA-T

LUA~4a
IUA-3a
LUA-5b
LUA-9a
IUA-Ob

DAM-4

DAM-1a
DAM~1b
DAM-1c
DiM-2a
DAM-2b
DAM-3

MAT-3
MAT-1
MAT-GRY20
MAT-GRY21
MAT-GRY22
MAT-13
MAT-10

DHI~13534
LHI~1%570
DHL-1%53¢
DHI~13%53d

DHI~13%5%e.
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DHI~1352a 3.7 + 0.7 -8 18.24 % 0.40
THI~1352b 2.0 = 0.5 -8 14.06 * 0.31
THI~-1352¢ 3.1 + 0.7 - 24.07 * 0.44
DHI-1352d 4.0 £ 0.7 -8 21.08 * 0.46
DHI-1352e 2.2 + 0.7 -8 14.38 * 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 t 0.28
VOH-3 0.7 = 0.3 £ 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 26.9 + 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 -8 21.96 * 0.54
VOE-6 3.5 = 0.7 328 + 31 29.49 * 0.51
KII-IR14 7.3 + 0.4 -8 24.70 * 0.14
KII-TR1l 33,5 £ 1,5 2,665 * 9 40.36 * 0.2%
KII~IR1Z 4.0 * 0.2 281 + 6 32.81 t 0,18
KII~GRY12 3.8 + 0.3 1,441 £ 12 17.94 * 0.17
KII~GRYE 2.0 + 0.2 270 = 1 29.5% * 0.21
KIL-IWK1 15.1 + 0.8 1,112 + 7 15,06 * 0.13
KIL-IWKZ 14.9 * 0.8 1,073 + 7 12,69 * 0.12
KII-GRY1) 4.4 * 0.5 550 * 26 47.79 * 0.46
KII~GRY1O 0.7 + 0.1 =& 35.60 t 0.25
KII-GRY1 58.5 * 5.4 -8 34.20 * 0.56
KII-MBG 0.9 0.1 -8 12.96 t 0.07
¥II-MBG1 8.1 + 0.5 492 + 7 28.90 * 0.20
KIL-MBG2 8.2 + 0.4 558 + 8 38,08 * 0.24
KII~MBG3 0.5 + 0.1 -& 12.65 * 0.13
KII-MBG4 1.8 + 0.2 & 27.935 * 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
KIL-IR16 7.2 + 0.4 311 + 5 17.91 % 0.11
KIL-IR18 7.6 0.4 299 + 5 17.36 * 0.11
KIT~GRY4 2.0 +0.2 602 + 14 42.55 *0.30
KIL-GRY6 1.8 = 0.1 821 = 11 42.38 *0.3%0
KI1~GRYS 1.2 0.1 1,415 _+ 10 37.90 * 0.25
KII~GRY7 -d - -4

GER~1a 8.5 *+ 0.5 -8 18.38 * 0.20
GER-1b 7.9 *0.5 -8 18.28 £ 0.19
GER-14 8.5 % 0.5 -8 18.59 * 0,17
GER-1e 9.2 * 0.5 -g 18.60 * 0.18
GER-1c 10.0 * 0.6 -& 21.42 *0.19
GER~2a 2.2 *0.5 -8 18.96 * 0.41
GER-2b 1.2 +0.5 - 18.75 *0.40
GER~2¢c 1.3 % 0.5 -8 18.64 *0.41
GER~24 0.9 +0.4 -& - 18.74 *0.38
GER~2e 1.8 0.6 -g T 18.62 *0.44
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BAM-53%8b
BAM=-S38c
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Table 6. concluded

Samvle HE znf l
FJE-A2-1 5.48 * 0.22 82 * 4
FJIE-A2-2 4.87 + 0.29 20 + 6
FJE-A4-1 3.92 * 0.33 33 % 4
FJE=-A4-2 2.92 * 0.17 233 % §
PIE-A4-3 4.85 t 0.3% 304 =13
FJE-A6-1 5.58 * 0.20 178 + 5
FJE-A6-2 1.76 * 0.15 113 £ &
FJE-AB8-1 2.44 * 0.24 53 % 6
FJE-A3=1 1.49 £ 0.30 438 *13
FJE-A3-2 2.20 * 0.19 941 =10
FJE-AT-1 5.0%3 *0.25 3,080 %14
FJE-X-1 6.40 * 0,37 -h

FJE-A-1 2.49 * 0.65 -h

LUA~1a 5.66 * 0.28 38 % 6
IUA-lc 7.77 * 0.29 96 * 6
TUA-8a 4.22 £ 0.37 59 15
ILUA-T 5.74 * 0.26 56 + 7
LUA-4a 14.74 * 0.61 208 *13
IUA~3a 8.34 * 0.32 48 = 5
LUA-5D 6£.08 * 0.32 523 %10
LUA-Oa 4.00 * 1.26 -h

LUA-9b 3,30 * 0.50 -h

DAM-4 5.29 * 0.34 501 %11
DAM-la 5.64 * 0.34 182 *10
DAM-1b 5.08 * 0.40 153 +12
DAM-1c 6.65 * 0,44 1324 12
DAM-2a - 12.72 * 0.41 151 = 7
DAM=-2b 5.32 * 0.30 86 £ 7
DAM-3 3.41 * 0.40 -h

MAT~3 4.83 *t 0.29 186 %10
MAT-1 6.96 * 0.30 39 + 7
MAT-GRY20  6.15 % 0.33 50 t+ 6
MAT-GRY21 5.04 * 0,33 51 * 6
MAT-GRY?22 5.60 * 0.33 44 * 6
MAT=13 3.68 * 0.25 617 %10
FAT-10 11.75 * 0.64 -h

DHI~13532 5.06 * 0.29 47 =7
DHI~1%253b 2.41 * 0,736 47 *16
DHI~1353c  4.25 * 0.19 27 * 6
DHI~1353d 2.00 * 0.20 41 * 8
DHI~1353e . 1.46 * 0.28 25 %13
DHI~1353f 1.97 * 0.19 20 * §
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DHI-13528 2.77 + 0.93
DHI-1352b 2.86 + 0.73
DHI-1352c 12.83% + 1.05
DHI~1352d 4.80 = 1.07
DHI~1352¢ 3.13 * 0.93
DHI~1352f 8.08 * 1.47

VOH-9 5.66 * 0.52 218
VOH-3 2,26 * 0.40 33
VOH-4 2.89 * 0.3%6 49
VOH-1 7.46 * 0.35 426
VOH=2 5.31 ¢ 0.31 411
VOH-7 3.36 * 0.31 400
VOH-8 3.84 * 0.40 386
VOH-5 5.67 * 1.27

VOH-6 5.84 * 1.16
KIL-IR14 11.82 * 0.33 37
KII-IR1l1 43.22 t 1.10 239
KII~IR12 6.56 * 0.25 293
KII-GRY12 3.82 * 0.27 20
KII~GRY8 4.70 * 0.25 64
KII~-IWKl  3.91 % 0.23 292
KIT~IWK2 3.20 * 0.21 457
KII~GRY1l 7.08 * 0.59 78
KII~GRY10 5.57 * 0.30 48
KII~GRY1 5.79 * 0.74 26
KII-MBG 3.31% 0,13 87
KII-MBG1 4.12 ¢ 0.22 481
KII~-MBG2 6.55 * 0.27 242
KII~MBG3 3.43 * 0.26 63
KII-MBG4 5.25 + 0.29 52
KI1-MBGS 2.90* 0.22 2,383
KII~IR17 6.02 * 0.23 91
KII~IR15 2.89 * 0.17 154
KII-IR16 2.94% 0.1 147
KII~IR18  2.38 * 0.17 52
KII-GRY4  6.56 * 0.35 38
KII~GEY6 6.67* 0.28 34
KIT-GRYS 5.92 % 0.27 42
KIL~GRY7 -d

GER-1a 4.01% 0.35 72
GER~1b 3,75 % 0.33 57
GER-1d 3.50 + 0.28 18
GER-1e 5.%9 * 0.32 87
GER-1c 3.40 * 0.30 70
GER-2a 3.61* 0.90

GER-2Y 3.14 % 0.88

GER-2¢ 3.48* 0,91

GER-24 4.10 t 0.82

GER-2e 4.18* 0.96
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BLM~S5382
BAM-S38Db
BAM-S38c
BAM-5384

CHI-1
CHI-GRY17
THI-GRY18
CHI-GRY19
CHI=-2

NYA-GRY16
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MOD~-2e
MOD-2f
MOD-6
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MOD-~5b
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MJE-~15a
MJE-5
MdBE-3al
MJE~3a2
MJE-3a3
MJE-Ba

STA-139a
STA~139D
POR~34
MAN-23al
MAN~23a2
KiB=-10
KiB-201

18.15
15.66
33%.08
18.75

2.31
2.86
2.85
6.42
4.44

4.96

3.51
7.14

3.30
5.53
2.29

4.82
4.38
6.81

5.24
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2.20
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4.15
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20.45
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Notes to Table 6.

a.

c-
d.

f.

All dats are given in parts ver million unless other-
wise indicated. See Table 12 for averages of this
data. )
Imprecisely-determined elements have been omitted

from this Table. Those for which a mean concentration
could be determined for the Group are (with mean and
root mean sguare deviation): Ca, 4.42 % 1.90%; Vv, 130
t 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
Ag is: ILUA-Ba, 149.7 *5.9 ppmj; IUA-9a, 547.8 *17.8
ppm; IUA-9b, 525.9 %13.8 ppm; DAM-3, 248.4 * 7.4 ppm;
MAT-10, 279.0 * 8.8 ppm; VOH-5, 2,949.5 % 71.1 ppm;
VOH-6, 2,437.4 *58.9 ppm; and MAN-23a22, 196.6 * 7.6
ppm. For the remainder of the Group the mean As is

78 * 157 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 pom; Ga, 300 = 200 ppm; In, 20 * 10 ppm;
W, 76 * 4 ppm; Ag, 60* 4 ppm; Ir, 0.02 ¢+ 0.02 ppm;
Hg, assuming none is lost in the reactor, 23 + 1 ppm;
and Cr, 66 * 10 ppm.

For further details of provenience, see Appendix 1.
Element not determined in this sample.

Glussmeker's additive. Nol determined when below the
limit of reliable detection, awnproximately 500 ppm.
Glassmaker's additive.

Glassmaker's additive. Not determined when below the
limit of reliable detection, approximately 200 ppm.
Glassmaxer's additive. Not determined when Co concen-
tration exceeds approximately 20Q pom.
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Table Ta. concluded
Sample ir 8Sn Ba Pb U
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-L 0.01 0.022 + 0.005 0.04 % 0,01 0.09 +
GED-9 0.0L 0.5 £ 0.1 0.06 + 0.01 0.8 = 0.2
GED-6a 0.01 ~ 0.00% 0.03 0.02
GED-6b 0.01 A 0.005 0.03 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 + 0.004 0.07 * 0.02 3
]

0.06 +




Table Tb. X-r&y Fluorescence Analysis of Miscellaneous Trade Wind Beadsa

Sample Coloer Fe Cu Zn Sr
KAD-1834 Black 1.0 £ 0.2 <0.02 0.01 0.02
ZAN~-106k Indian red 2.4 + 0.4 0.28 + 0.05 0.08 + 0.02 0.02
SoF-1. " " 3.k 0.5 0.31 + 0.07 0.02 0.02
807-2 " " 2.0 £ 0.3 0.2k * 0.06 0.02 0.02
REY-23° meooow 1.8 £ 0.3 0.15 £ 0.03 0.02 0.03
¥PL-LP Black 1.1 % 0.2 0.02 0.01 0.02
MAP-093" n 1.4 £ 0.2 0.02 <0.02 0.03 + 0.01
MST—TTab Indian red 2.5 £ 0.4 0.1k + 0.03 <0.02 0.02
MST-103b° n " 1.6 + 0.3 0.5 * 0.1 <0.02 0.03 + 0.01
MST-76c” Black 1.5 £ 0.2 . 0.02 <0.02 0.03 * 0.01

8811 data are given in percent. Mn was not detected and therefore 1ies below the iowar limit
.of detection of v 0.1%. Co was not detected; the lower limit of detecﬁion was Vv 0.05%. As

lies below the limit of detection of 0.05%, and Rb below the limit of 0.02%. Specimen SOF-2
gontained " 0.005% Sb. Otherwise this element was not detected; the lower 1limit of detection was

v 0.005%, except for REN-23' and MPL~L, where it was ~ 0.01%.

bSample consisted of more than one bead.

—10e-
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Table Tb. conecluded

Sample Provenience
KAO-183) Kaole House, Tanzania, 2C, SW room, below possible floor, wound lenticular bead.
ZAN-1064 Zonzibar, beech, wound lenticular bead.
SOR-1 Sofala, Portuguese East Africa, surface, reheated cane bead.
SOF"E f " n t " " " "
REN-23 Renders Ruins, Rhodesia, from excavetions 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-7Ta Mopungubwe, Southern Terrace, B3iM, 2L-30", reheated cane beads.
NIST_103-D 1" 1" " CBM, 18__2)4_" " " "
1
MST—TGC i} " " B3R, 2h-30" " " 1" '\°3
i ¢
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Table 8. Sites Yielding Members of the

Trade Wind Bead Chemical Group™

Nap Site Chief Reference
No.
1. Cedi, below floor of tomb Kirkman 1960
2. Fort Jesus Kirkmen in preparation
3. Zanzibar, beach van der Sleen 1967,
Tornati and van der
Sieen 1960
'% Kacle House, below floor Chittick 1959
5. Kilwa Chittick 1966, Chittick
in preperation
6. Engaruka, terrace A5UL Sassoon 1967
7.  Vohémar, jijikely Thierry 1961
8.  Mamkoli Inskeep, letters to
van Riet ILowe
9. Lusaka Cave Site ibid.
10. Ingombe Ilede, Burial 8 Fagan 1972
11. Dambarare : Garlake 1968
12. Luanze Garleke 1966
13. Nyangwe Fort (Inyanga) Summers 1958
14. Sofale, surface van der Sleen 1967
15. Renders Ruins (at Zimbabwe) . Schofield 1958
16. Matendere, midden Caton-Thompson 1931
17. Chibvumani (Hubvumi), South Passage ibid,
18. Dhlo Dhlo . ibid.
19. Khemi, 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.  Mmpungubwe Fouché 1937, Gardner
1963, Floff 1969
2Lk, Modjadje's location ¥an Riet Lowe 1937,
Krige and Krige 1943
25. Kab'wan (Philippines) Fox 1970
26. Manunggol ( " ) ibid.
27. Santa fna ( " ) ibid.
28. Porac (") ibid.

a'For detes, see Table 13.



-205~

JTWTT JI9MOT U3 $soTdums 93 JO I9pUTBWSI SY3 UT PIIOsISP J0U SBA

T-Lv¥ puw I-tY °T1-gV . suswrosdg
“4€0°0 FUTq ITUIT JSMOT ay3 ‘Pe3dalap 00U san SY

S3IWEIT JI9MOT aYL
paufequos T~Ty STdueg

'

‘f Wodj puw Q4 WOIJ IOUIASIIIFUT

‘0D I0F 450°0

rgoTdwes 93 UT PI3O939P FOU SISHA SIUSWOTS IsaUg
‘quadaad Ul UsATE 2I8 BIEP TIV

*SpBSq Suwd

*%600°0 SeM UOT32339P JO
JUSUWRTS STYL *qS %T10°0 PUTBIUOD
03 anp PRUTULISFIDP 9] 30U PINod qg
PUw U J0F %T'0 9184 UOTII339pP JO
SSTAIIYY) 0D ¢g0°0 PuB Ul %i0°0
peyEayal oTdurs saoM soTdwes ._”H,q.m

200 £0'0 100 c0°0 ¢g'0xec'tT Hoe1d T-ey-ard
£0°0 c¢0°0 10°0 ®0°0 20FT'T w o °TEd TX-0rd
T0*0 20°0 T0"0> T0°0 20 7 60 anTg 3T8Q0D T-Tv-acd
T0°0 20°Q 10°0 c0°0> 2’080 TaBad T-gy-ard
a q” G0°0 ¥ €2°0 ¢0°0> 2’0 F T°1 adusaQ H:»<:HE
a a” 200 ¥ 600 2070 T0 7 670 u E-E¥-ELrd
a” q” 20’0 ¥ 0T°0 200 2'0F% Lo u [t 2\ e AT
a q” 200 ¥ L0*'0 200 2'0% 90 AOTT3X T~EYV-5ld
a q" hoo G0'0 F ©2'0 2'0F 60 us9xg-#0TTAX S~Ry-ard
a Q 200> T'0F &°0 £°0 F 6T o T-qy-ard
€0°0 200 €0°0 100 7 €0 ®'0 ¥ &'c usaay E- Y=L,
10°0 c0°0 c0'0 100 ¥ t€°0 g'0oFetl : " S-9v-Hld
£0°0 €0°0 c0'0 go"0 ¥ €E°0 10 ¥ {°¢C Pad uBIpUT T-G¥-ard
X7 Ig uy no X IOTOZ aTdumg

L STIS0 3J04 WOIF SPRSE PUTH 2pEIf

Jo s1sATRUY SousdsaJgontd Awl-Y

6 #1aR”I



Table 9. conc

luded

Sample Sn Ba Pb u
AB-1 0.0T * 0.02 0.07 + 0.02 0.25 * 0.05 +
AB-2 0.03% * 0.007 0.05 + 0.01 0.12 + 0.03 +
Ab-3 0.1% * 0.03 0.06 £ 0.00 0.6 # 0.2 +
Ab-1 0. % 0.1 0.04 £ 0.01 2.1 * 0.b -
Ab-2 0.k 0.1 0.05 + 0.01 2.k % 0.5 R
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 b
A3-3 . 0.5 % 0.1 0.05 + 0,01 3.1 * 0.6 b
AT-1 1.1 #+ 0.2  0.05%0.01 7.3 *1.0 b
AB-1 0.002 0.05 % 0.01 0.02 +
Al-1 0.00k4 0.06 + 0.01 0.02 +
pal 0.004 0.06 + D.01 0.02 +
A2-1 0.005 0.04 + 0.0L <0.02 +

bUnable to determine due

to high Pb content.
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Table 10. X-ray Fluorescence Analysis of Trade Wind Beads from Luanzea

Co and 0.02% As.
for As 0.03%.

}espectively.

bNot determined due to high Pb content.

c
Sampie consisted of more then one bead.

Otherwise these elements were not detected.

In addition, Mn snd Sb were not detected, the lower limits being 0.1% and 0.005%

Sempie Color Fe Cu Zn Rb Sr ir

Lua-k© Indian red 2,0 * 0.4 0.27 * 0.05 .02 <0.02 0.03 0.03
LUA-6 Green 2.2 + 0.4 0.32 * 0.05 0.03 b b -z

LUA-T " 2.3 + 0.b 0.36 + 0.06 <0.01 0.01 0.02 0.02
LUA-82 Blue-gresn 1.1 0.2 0.28 + 0.0k 0.02 <0.02 0.02 0.01
LUA-8b " 1.1 £ 0.2 0.27 * 0.04 <0.01 <0.02 0.02 0.02
LuA-5° Yellow 1.2 + 0.2 0.01 0.0+ % 0.01 b b b

LUA-3° Pearl 1.0 + 0.2 0.02 0.01 0.01 0.02 0.02
LUA-9°  Pale Cobalt Blue 1.k 0.2 0.05 * 0.01 <0.01 <0.02 0.02 0.901
Lua-1° Black 1.8 + 0.3 0.02 <6.0L 0.01L 0.02 o ouE
aAll are reheated cane beads. All data are given in percent. Specimen LUA-9 contained 0.05 % 0.02%

The limit of detection for Co was 0.05%,

Log~



Table 10. cnncluded
Sample Sn Ba Pb
LUA-b 0.08 : 0.02 0.06 * 0.01 0.32 * 0.05
LIA-6 0.25 * 0.04 0.03 1.0 * 0.2
LUA-T A 0.008 0.05 * 0.01 0. 04
LJA-Ba v 0.008 0.0 + 0-m 0.03
LUA-Bb 0.010* 0.002 0.08 * 0.02 0.03
LUA-5 0.%2 * 0.05 0.05 + 0.01 2.3 + 0.4
LUA-3 A 0.008 0.07 * 0.01 <0.02
LUA~Q 0.028+ 0.005 0.0k + 0.01 0.08 + 0.02
LUA-1 0.012+ 0,003 0.06 * 0.01 0.0k

_Boa_
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Table 11la. Glass Beads Resembling the TWBCG:
Neutron Activation fmalysis?:

Samole Provenicnce Color

KII-HKCV3  Kilwa, Period IIla Blue®

KIL-GM2 " . Period IITa-b Gray-green
KII~GIY9 " " Greenish=yellow
KIL-GM1 " " Blue-green
KIL~-IR13 " " Indian red
Kt0-183H Kaole House, below floor "

K:0-183C " " "

K40-172A " " "

ING-28 Irngonbe Ilede, Burial 8 Blue

SIR-3%295 Siraf (Iran) Green

BUT-174¢ Butong (FPhiliopines) "

BUT-1748B " " "

RUT-1752 " " Blue-greend
BUT~175¢ " " "

BUT-102410 v " Indian red
BUT~-10242 " " "

CsI1-102B1 Calatagan " Indian red, green?
0r1-102382 " " Ind. red over green
MJE-15B Mjelele Valley Burial Black




-210~

Tavle 1lla. continued

Sample Color (B cl () Mn
-HECV3 blue n.d.f n.d. 1,322 +
-CcM2 gy-gr. 3.51 £0.29 1.48 £0.19 331 +
-GRY9 gr-yel. 3.53 +0.18 1.15 *0.14 313 +
-GN1 bl-gr. 2.99 *£0.11 0.99 *0.16 427 +
-IR13 IR 2.59 +0.07 0.89 *0.12 422
~183H " 2.78 + 0.07 - 0.67 +0.13 441
-183¢ " 2.88 +0.11 0.71 *+0.15 433 %
-172¢ " 2.78 +0.11 1.08 £0.13 423 %
-B8 blue n.d. . n.d. 484 *
-3295 grn. 4.29 +90.09 0.63 +0.18 661 =
-1742 " 3.90 +0.17 0.25 +0.16 574 +
-174B u 4.39 +0.11 0.88 #0.25 534 %
-1758 bl-gr. 4.84 £0.28 0.13% £0.29 743 ¢
1752 " 5.06 +90.19 0.28 +0.23 760 =
-10221 IR 4.79 £0.11 0.95 +0.18 449
-102%2 " 4.94 +0.14 0.89 %0.19 443 %
-102B1 IR,grn. 6.94 +0.16 0.83 +0.21 499 +
-102B2 IR/grn. 6.15 *0.31 1.37 +0.24 350 +.
-15B biack . 3.13 *#0.16 - 0.81 *0.22 610 =
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Table 1la. continued

Sample Color Na (%) Cu U
-HKCV3  blue 10.26 * 0.17 b 1.31 £ 0.21
—GM2  gy-gr. 15.68 * 0.19 b 9.06 * 0.10
-GRY9 gr-yel. 15.73 * 0.19 b 6.02 £ 0.05
-GM1 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% % O.lﬁv 10,386 £ 163 0.97 = 0.04
-183G " 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 + 0.23 6,325 * 241 =0.13 * 0.13
-3295 grn 12.30 £ 0.21 4,323% = 166 T7.76 = 0.07
~174L " 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 = 230 5.27 *0.08
~1754 " 14.37 £0.19 6.952 + 204 5.44 £ 0.09
-1022£1 IR 11.24 + 0.18 18,420 + 311 7.01 £ 0.06
=-102L2 ¢ 10.92 * 0.17 22,375 * 368 7.26 *0.07
~-102B1 1IR,gsrn 9.31 £0.15 7,776 * 168 5.71 £0.06
-102B2 1Ii/crn 11.88 * 0.19 7,275 * 181 8.62 *0.08
-158 black 12.06 +£0.15 b 1.1 *0.09
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Table 1lla. continued

Sample Color Sm Co Sec
-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 + 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
<33 " 1.38 +0.01 . 9.79 = 0.34 3.31 % 0.03
-1836 " 1.36 + 0.01 8.15 + 0.25 3.28 t 0.03
-1728 " 1.13 + 0.01 5.30 + 0.24 2.91 + 0.02
-B8 blue 0.93 + 0.02 3.84 + 0.09 1.91 + 0.01
-3295 grn 3.28 +0.02 13.54 + 0.24 4.81 + 0.03
-1744 " 3.33 +0.02 17.14 + 0.33  4.16 + 0.03
-1748 " 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
-1754 " 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
10282 " 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
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Pable lla. continued

Sample Color Fe (%) b Ta

-HKCV3 blue 1.59 £0.02 0.64 +0.05 0.31+ 0.01
e ) gy-zT. 3.31 £0.05 1.15 *0.06 0.64 ¢ 0.01
~GRY9 gr-yel. 1.39 *#0.02 1.52 £0.04 0.71% 0.00
-GM1 bl-gr. 0.77 *0.01 0.52 £0.03 0.253% 0.00
-IR13 IR 2.06 +0.03 0.48 £0.03 0.27 + 0.00
-183H " 1.93 2 0.04 0.62 +£0.08 0.33z% 0.01
-183¢ " 1.96 *0.03 ~0.54 *£0.06 0.39: 0.01
-1728 " 1.76 £0.03 0.57 £0.06 0.30+ 0.00
-B8 blue 0.54 *+0.01 0.3 £0.03 0.23% (.00
-3295  grn. 1.17 £0.02 2.00 £0.07 0.52%+ 0.01
-174p " 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 +0.03 1.58 *£0.09 0.50* 0.01
-102#1 IR 1.32 +#0.03 1.87 +0.08 0.62 % .01
-10282 v 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 1IR/grn. 1.54 £0.04 1.20 #0.09 0.40 ¢ 0.01
-15B black 1.01 #0.03 0.71 +*0.08 0.3 * 0.01
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Table lla. continued
Sample Color St Sn Th
~HECV3 blue 1.5 £ 0.1 b 1.70 * 1.37
© -GM2 Zy—-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 * 2.09 * 0.04
-IR13 IR 22.0 £1.0 b 1.58 £ 0.04
-183H " 162.2 7.3 b 2.01 * 0.10
-1836 " 35.8 + 1.7 b 0.67 £ 0.10
=1724A " 114.6 =5.,2 b 1.45 * 0.08
~-B8 blue 13.9 £0.5 2,373 12 0.89 * 0.03
~3295 grmn. 1.9 £0.2 1,820 £ g g8.01 * 0.10
~1744 " 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
~10241 IR 16.1 £0.8 b 10.08 * 0.13
-102t2 " 8.1 ®0.6 b 10.41 * 0.13
~102B1 IR, grn 3.6 £0.3 b 9.30 * 0.14
~102B2 1IR/esrn 11.2 *0.9 b 9.28 * 0.15
~158B black 7.1 £0.5 b 1.92 *0.10
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Table 1la. concluded

Samnle Color He in
~HKCV3  blue 2.52+ 0.24 21
~GM2 gy-gr. 19.84 + 0.61 59 £ 5
~GRY9 gr-yel. 24.16 * 0.62 27T £ 3
-GM1 bl-gr. 1.88 + 0.10 68 * 3
-IR13 IR 1.76 £ 0.11 54 * 3
-183H " 2.28 £ 0.22 84 =8
~183G " 2.28 £ 0.20° 54 t6
-172% " 1.96 * 0.17 31 £ 6
-B8 blue 1.48 = 0.0Q7 72 2
-3295 grn. 15.04 * 0.43 28 * 4
=1742 " 15.78 = 0.54 59 6
=174 " 18.29 * 0.57 6% %5
-1758 Dbl-gr. 15.59 * 0.57 30 =7
-1754 " 14.56 * Q.52 335 *6
10251 IR 16.45 £ 0.55 41 %5
-102t2 " 17.77 £ 0.59 41 =5
-102B1 1IR,grn. 14.17 % 0.50 69 =7
-102B2 IR/egrn. 11.24 * 0.45 44 +6
~158 black 2.40 £ 0.25 58 7




Table 11b.

Valley Burial:

Neutron Activation Anelysis

Transparent Green Beads from the Mjelele

Samnle Al (%) c1 (%) Mn
MJE-20 4.19 + 0.32 0.30 £ 0.22 323 = 20
MJIR-214 4.25 % 0.30 0.24 + 0.19 344 = 16
MJn=212 £.02 £ 0.72 2.01 + 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 £ 1.01
MJE-21A 13.29 ¢ 0.15 7,883 *.167 352.22 1 1.87
MJE-~21B 18.61 + 0.20 13,478 * 264 181.21 * 1.03
MJE-22 13.77 = 0.16 27,764 * 425 169.71 + 1.04
Samole Sm Cb S‘c‘
MJE=-20 7.00 * 0,23 7.38 + 0.32 7.76 £ 0.06
MJE-211 8.12 * 0.42 ° 5.73 % 0.26 " 6.92 * 0.04

N TOI00L 0024 11.25 £ 0.44 +.05 * 0.G5

.41 0 0,24 35.64 * 0.94 5.48 * 0.08
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Table 1lb. concluded

Szmple Te (#) Yb Ta

=20 1.64 +0.04 3.08 + 0.13 0.99 + 0.01
~2148 1.38 + Q.03 3.22 + 0.11 0.93 + 0.01
-21B 1.44 £0.05 0.66 = 0.12 0.34 £ 0.01
=22 1.52 £Q.07 1.01 + 0.19 0.53 = 0.02
Sample Sb Sn Th

~-20 2.3 % 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 = 23 15.02 = 0.29
Sample HT in

=20 8.57 + 0.44 52 + 8

-21% 7.60 £ 0.37 257 + 8

-213 2.62 + 0.36 165 ¢+ 11

=22 4.49 £ 0.55 663 + 22
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Notes_to Table 11

Al]l data are given in parts per million unless otherwise indicated.
Elements imprecisely determined for the TWBCG are excluded from this
Table. For samples in this Table, the upper limits of concentration,
with representative counting errors,-are: Mg, L + 2%; Ca, 9 * 2%; V,
160 * 30 ppm; Dy, 8 * 1 ppm; Cu, where not used as en additive, 700

+ 200 ppm; K, 6 * 1%; Sr, 0.2 * 0.1%; Ga, 600 + 250 ppm; In, 10 + T ppu;
As, in KIL-HKCV3 (colored by Co) is LL42.3 + 6.6 ppm; otherwise the upper
limit is 160 * 7 ppm; W, 3.5 = 1.0 ppm; Sn, where not used as an addi-
tive, 48O * 10 ppm; Cs, 1.2 * 0.3 ppm; Ag, 29 = 1 ppm; Ir, 0.0LO *+ 0.005
ppm; Hg, assuming none is 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 determined.

Elements imprecisely deter:ﬁined for the TWBCG are excluded from this
Table. ¥or samples in this Table, the upper limits of concentration,
with representzative counting errors, are: Mg, 4 + 4%; Ca, 9 + 4%; 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, 14 + 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 = 0.006 ppa:; Hg, assuming none is lost in the reacter,

2.5 + 0.5 ppm; Eu, 1.2 + 0.2 ppm; and Tb, 0.86 + 0.08 ppm.
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Table 12. Aiversged data of the TWBGG?

Grouving AL () c1 (&)
A, By 3ite
Tort Jesus 3.40 £ 0,39 1.37 = 0.26
Luanze 4.02 * 0.54 1.50 £ 0.28
Damharare 3.68 * 0.41 1.38 *# 0.32
Matendere 4.06 £ 0.37 1.55 % 0.26
Dhlo Dhlo 3.55 * (.81 1.65 £ 0.30
Vohémar 4.05 % 0.79 1.22 £ 0.42
Kilwa, Period I1Ib 4.08 * 0.46 1.54 £ 0.23
Kilwa, Period IV 4.21 ¢ 0.78 1.45 + 0.19
Gereza (Kilwsz, Period V) 3.78 + 0.50 1.55 * 0.18
Bambandyanalo 4.55 = 0.21 1.0%3 £ 0.25
Chibvumani 2.59* 1.14 1.47 £ 0.39
Ingombe Tlede 3.52* 0.28 1.45 % 0.17
Mod jad je's location . 3.31 = 7,51 1.57 * 0.47
Mjelele Valley Burial 3.36% 0.64 1.43 £ 0.28
B. By Color znd Additives '
black . 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 * 0.28
Indian re=d4, low Sn 4.12% 0.56 '1.16 * 0.39
sreenich--x:1low, high Sn 4.01 % 0.99 1.44 * 0.2G
greenich-yellow, low Sn 4.30 % 5.51  1.62 * 0.24
yellow 3.62 * 0.63 1.30  0.21
oran,~a 3.20 % G.50 .34 0,24
cobalt blue 3,75 * 0.55 1.64 * 0,34
C. For the Twi(G .81 % 0.69 1.44 £ 0.34




Table 12. continued
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Groupinz Mn Ma (%)
By Site
Fda 602 £ 198 15.09 £ 0.98
U 390 £ 97 15.05 * 0.67
DAN 528 t 132 15.4C * 0.87
MAT 433 * 194 14.81 + 1.06
DHL 366 * 246 15.41 * 0.85
VOH 376 £ 66 14.09 % 0.94
KIiI-I11Ib 423 = 1C8 16.23 * 0.94
KIL-1IV 446 £ 94 15.72 # 1.11
GER 328 ¥ 38 15.68 £ 0.45
BaAM 480 i01 12.0%7 = 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

B. By Color
black 646 * 701 15.08 * 0.98
bl-gr., hizh Sn 450 * 120 15.36 * 0.56
bl-zr., low Sn 312 * 58 15.28 % 0.81
IR, high 3n 514 * 141 15.24 *1.62
IR, low $n 507 * 147 13.65 % 2.59
gr-y., nigh 3n  41% * 100 15.02 % 2.20
ar-y., lcw on A27 * 58 15.81 £ 0.88
yellow 496 * 374 14.18 +1.28
orsn HGR % 368 14,18 0,85
co bil. 427 235 15.2 *0.67

2. For ihe TWBOG 450 * 271  14.96 *1.53
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Table 12. continued

Grouvring Cu U

A. By 3ite
PJE n.as 105.09 + 31.51
A n.a. 111.52 + 50.58
DAM n.a. 132.95 * 38.5%
MAT n.a. 104.05 + 22,23
DHL n.a. 70.48 * 49.34
VOH n.a. 102.10 = 34.4%
¥II~IITb . n.a. 127.48 + 37.84
KIL-1IV n.a. 174.50 + 42.04

ER n.a. 85.48 + 14.34

RAM n.a. 105,89 + 43,65
CHI n.a. 153.94 £ 98,59
ING n.za. 184.58 * 122.86
MOD n.d. 74.85 + 26.89
MJIE n.a. 92.%6 * 40.86

B. By Color
black d 132.85 * 45.68
bl-gr., nhigh Sn 5,781 % 15615 140.59 * 36,47
bl-gr., low 3n 4,897 * G33 84.54 * 49.3
IH, high Sn 5,032 * 880 119.75 t  43.55
IR, low 3n 6,170 * 6,221 110.06 £ 41.12
gr-y., high Sn d 176.05 * 96.93
gr-y., low Sn d 128.84 £ 56.85
vellow d © 95.70 *+ 19.22
orEng d 172.56 = A4.53
co bi. d 89.7% * 39.02

C. Ror the TWBZG 5,449 *3,683°% 112.45 * 54,91
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Table 12. continued
Grouvning Sm Co
£, By Site
FJE 2.77 £ 0.80 n.a.
LUA 4.20 £ 1.00 n.a.
D&M 4.17 £ 0.85 n.a.
M7 4.52 £ 0.62 n.a.
DEL 2.84 £ 1,12 n.a.
VOH 4.06 + 0.81 n.a.
Kil~1I10b 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 t 0.72 n.a.
MJE 3.20 £ 0.58 n.a.
B. By Color ’
black . 4.52 % 1.37 22.45 + 10.48
bl-gr., high Sn 3.75 % 1.17 68.18 * 67.32
bl-gr., low 3n 3.25 ¢ 1,16 T74.777 + 48.00
IR, hign Sn 4.40* 0.84 20.33 £ 8.20
IR, low 3n 4,60 £ 1.3G 23.07 + 15.19
gr-y., hign Sn  5.48 % 1.73 10.53% # 3.40
gr-y., lcw 3n 5.24 * 1.48 10.17 ¢ 2.06
yellow 3.25% 1.28 9,72 + 2.52
orange 3.12* 0.75 10.87 * 5.68
co bl. 3.56* 0.75 1,110.84 + 437.32
C. For the TWRCG 4.0% * 1.4% 1,110.84 * 437.32°

34.70 *

40.37F




Table 12. continued
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Grouping Sc Fe (%)
&. By Site
FJE 4.48 *1.76 1.45 ¢+ 0.64
LA 6.13 *£0.90 1.98 + 0.58
DAM 5.95 £1.67 2.56 + 0.72
MaAT 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
KIL~-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
ING 7.05 +1.61 1.98 £ 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 +1.85 2.11 = 0.48
gr-y., low 3n 6.70 +1.€5 1.76 £ 0.38
yellow 4.82 *1.71 1.31 £ 0.46
oA 3.85 +0.81 1.0% * 0.23
co bl. 5.12 £0.93 1.57 * 0.30
. Tor 1l TWRTO 5.93 *1.74 1.83 2 0,78
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Table 12. continued

Grouping Yo Ta

A. By Site
FJE 1.07 +0.38 0.47 + 0.08
LoA 1.42 *0.27 0.57 + 0.06
DM 1.36 *0.36 0.55 + 0.18
MAT 1.57 *¥0.13 0.63 ¢ 0.06
DHL 0.87 t0.32 0.47 = 0.13
VOH 1.36 £0.43 0.9%9 + 0.10
KIL-IIIDb 1.50 *#0.54 0.74 * 0.27
XI1~-1V 1.74 *0.51 0.96 + 0.32
GER 0.99 *0.33 0.50 # 0.03
B:M 2.45 t0.37 1.06 + 0.36
CHI 1.44 *0.66 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., hizh Sn 1.33 *0.37 0.59 * 0.14
bl-gr., low Sn 1.09 *0.34 0.53%3 + 0.16
1R, high 3n 1.79 *0.85 0.79 + 0.53
IR, low 3n 1.79 20.55 0.79 + 0.30
gr-y., hish Sn 1.78 *0.65 0.91 ¢ 0.39
gEr—-y., low $n 1.80 *0.33 0.92 ¢+ 0,32
yellow 1.28 *0.50 C.58 £+ 0.19
orznge= 1.02 *0.04 0.45 * 0.10
co bl. 0.91 %0.3%0 0.54 ¢ 0,13

C. Tor ooTWRTG 1.38 *0.16 .7t 0.29
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Table 12. continued

Grouping Sb Sn

L. By Site
¥JE 11.63 24,33 n.a.
U 2.85 * 2.34 n.a.
DitM 5.32 £ 3.31 n.a.
MaT 3.07 £ 5.17 n.a.
DHL 5.00 * 3.06 n.a.
VOH 39.25 *49.49 n.a.
KIL-IITb 7.94 * 6.47 ‘n.a.
KII-IV 7.71 +13.91 n.a.
GER 5.16 * 3.92 n.a.
BrM 27.98 + 8.67 n.a.
CHI 8.92 + 9,72 n.a.
ING 5.99 + 8,79 n.a.
MOD 7.12 = 5.59 n.a.
MJE 11.75 ¥ 6.30 n.a.

B. By Color
black 2.34 t 4,56 d
bl-gr., high sn 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 3n 12.94 $10.14 d
gr-y., high Sn 3.45 * 4.63 1,5%4 % 487
gr-y., low Sn 7.18 +£18.07 d
yellow 30.94 £41.88 5,163 *1,730
orange 79.05 *64.85 9,523 12,677
co bl. 2.73 * 1.88 d

C. Por the TWBCG 11.41 *21.47 3,369 * 2,742°
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Table 12. continued

Grouning Th HE

A, By Gite
FJE 14.69 + 4.56 4.26 * 2.38
LUA 27.67 :19.84 6.65 t 3.46
DAM 29.78 :15.10 6.30 = 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-IITb 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
IHG 20.54 =+ 1.70 5.34 * 1,29
MOD 19.46 * 8.04 4,22 * 1.90
MJE 17.17 + 5.76 4.13 * 1,13

B. By Color
black 17.95 % 6.40 4.78 * 1.34
bl-gr., high Sn 17.65 + 7.17 4.76 * 2,40
bl-gr., low Sn 18.25 =z 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 * T.41
gr-vy., kigh Sn  25.64 + 9.54 4.95 * 1.49
Irey., low 3n 32.02 &+ G.20 5.7 * 1.56
yullow 16.10 =+ 5.30 6.94 % 6.506
oringe 14.67 + 3.863 3.7 ¢ 1.13%
co bl. 21.06 * 6.40 5.13 & 2,77

C. Por the TVT0G 22.16 +10.90 5.9 % 5,40
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Table 12. concluded

Grouping Zn Mean RMSDE (%)
A. By 3ite
FJE n.a. 43.1
Lus n.a 31.5
DiM n.a . n.a.
juian n.a. n.a.
DiL n.a 40.9
VoH n.a 31.3
KII-ITIb n.a n.a.
KIT-1IV n.a. 35.8
GER n.a 19.3
BiM n.a n.a.
CHI n.a n.a.
ING n.a n.a.
MOD n.a 306.0
MJE n.a n.a.
B. By Color
black ’ 73.14 £ 43.46 44.3
bl-gr., high Sn 285.10 * 146.10 34.3
bl-gr., low Sn T1.34 = 91.77 32.9
IR, high Sn 178.24 * 36.43 n.a.
IR, low Sn 153.30 * 111.63 37.4
gr-y., hizgh Sn 56.25 £ 34.22 38.4
gr-y., low Sn 50.00 = 1%.96 40.6
yallog 474.87 % 327,05 45.2
Cran, 2,564.90 * 452.82 n.a.
co bl. < 200. 31.3%
o, Por the TWBDS  2,561.7 t 452.7° 37.1 by site!
153.2  * 185.50 38.1 by color
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Notes to Table 12

Meen end root meun squere deviation (see Chapter 3) are given, in
parts per million unless otherwise indicated. Only groupings having
three or more members appear here. Where no determination was made
for an element, the seample is omitted from the everage of that element.
Pb was estimated on grouped samples by X-rey fluorescence analysis.
The results are: for black, v 0.02 - 0.2%; blue-green with high Sn,
" 0.1 - 3.%; blue-green with low Sn, < 0.1%; Indian red with higha Sn,
v 0.3%; Indien red with low Sn, % 0.3%; greenish-yellow with high Sn,
v 0.02 - 2.%; greenish-yellow with low Sn, "~ 0.02%; yellow, " 3.%;
orenge, v 6.%; cobalt blue, < 0.1%.

High Sn is > 800 ppm, low Sn is < TOO ppm.

Not applicable.

Imprecisely determined due to concentration at or near the lower limit
of quantification.

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%.



Teble 13. L:ating of the Trade Wind Bead Chenicel Group in Africa and Madagascar
Sitn A. D. Date Mejor Bases of Date References
Bambandyanalo 1050 + 65 Clh, Y-135-17 Fagan 1965
Mapungubwe 1380 + 60 Clh, ¥-135-14 "
1420 + 60 ¢, v-135-9 "
Vapela 1280 ¢ 95 ¢, er-115 Fagen 1067
Kilwa, Period IT ¢. 1150-1300 cerdamic/numismatic/ Chittick 1966,
1160 + 110 Clh, N-256 Fagan 1967
Period IITb 2. 15th century historic/architectural/ Chittick 1966
ceramic/mumismatic

Perjods IV, V
Gereza {Period V)

Gedi

Kaole House

‘

Ingombe Ilede

Engaruka

. l6th through
19th centuries
e, 19th century
1775 + 90
pre-1399
pre~15th century
1340 + BS

1445 + 85

¢. 15th to 1Bth
centuries

1bhs + 85

1h60 £ 90

1480 * 110

1650 100
1750 *+ 100

¥+ W B M

M

dating not firm (poor preser-
vation in late parts of site)
estimate

¥, sr-155
inseription/stratigraphic
ceramic/stratigraphic

¢, ox-1368

¢, GX-1369

best estimate

¢”’, GX-900
C, GX-247
c 7, N-1892
c ', N-1893
c ', N-189%

Chittick 1966,
Chittick 1969

~ég2-

>
Phillipson 1970

Kirkman 1960

Chittick 1959

Phillipson 1970,
Phillipson and Fagan 1969
Phillipson 1970,

Sasscon 1967




Table 13. «sontinued

Site A. D. Date Major Bases of Date References

Vohémar 1550-1750 Verin 1970

Luanze 1580-1680 historie/ceramic Garleke 1968

Darbrrare 1570~1750 historic/ceremic "

“vengwe Fort (Inyanga) c. 16th-19th estimate (ceramic/bead) Summers 1967
centuries

Khami c. 1Tth-18th ceramic Robinson 1959,
centuries Garlake 1968,
post-1450 t 95 Clh, SR-9k Fagan 1966

Dhlo Dhlo c. 1700 ceramic Caton-Thompson 1931,

Gerlake 1968

Fort Jesus

jodjadje's location

¢. 17th-18th

centuries

c. 1937

ceramic/stratigraphic/

historic (Fort comstructed

in 1593)
ethnographic

Kirkman 1969

van Riet Lowe 1937

-0te~



-231-

Teble 14. Sites in Figure 1L

Map Nc. Site and Abbreviation Chief References
i. Kopia (KOP) Dikshit 1969
2. Negara (NAG) Ghosh 1966, 1967
3. Cambay . —
L. Akota (Baroda) Subbareo 1953
5. Ujlein Chosh 1958
Nasik Sankalia and Deo 1955
T. Nevasa Sankelia et el. 1960
8. Paithan (PAT) Dikshit 1969
9. Sirpur ibid.
10. Ter (TER) ibid.
il. Kilhapur {KOL) ibid.
i2. Goa —
13. Maski (MAS) Dikshit 1969, Thapar 1957
14, Kzdkal (KAD) Dikshit 1969
15. Kanchipuram Subra’manyem and Raman 1967,
' Ghosh 1965
16. Arikamedu (ARI) Wheeler 1946
i7. Kaveripattinam (KAV) Ghosh 1965

18. Negapatan Lavanha 1597




Table 154. X-ray Fluorescence Analysis of Glass Samples

of the Barly Historic Period in Indin®

Sanple Color Mn Fe Co Cu Zn Rb
XOL-1 cobalt blue, white 0.7 * 0,2 0.45 + 0.08 0.05 0.015 " 0.005 <0.01
TER-1 prle blue-;reen <0.1 0.30 £ 0.06 <0.05 " 0.006 " 0,003 0.01
KOP-1 paile bluc-preen <0.1 0.7 % 0.2 <0.05 v 0.005 0.01 0.01
ARI-1 Indian rcd 0.2 £+ 0.1 1.2 * 0.2 <0.1 1.2 + 0.2 <0.05 0.005
ARI-2 green <C.1 1.6 * 0.3 <0.1 1.2 + 0.2 <0.05 b
Sample Sr Zr Sn St Ba Pb )
KOL-1 0.07 + 0.01 0.02 1.4 + 0.2 <0.01 0.30 * 0.0L <0.03 o
TER-1 v 0.008 ~ 0.00k <0.02 . <0.005 0.02 <0.02 b
KOP=~1 0.02 0.01 <0.005 <0.005 0.05 + 0.01 <0.03 b
'ARI-1 0.0h‘i 0.01 0.02 <0.005 <0.005 0.09 * 0.02 <0.05 b
ARI-2 c c 0.7 = 0.1 <0.005 0.07 * 0.02 6.3 + 0.8 b

®A11 data are given in percent. In all specimens the upper limit for As is 0.0k %.

and KOP-1 both contained v 0.002% Mo. Specimen KOL~1 contained 0.0l% Wi.

Specimens TER-1

bNot detected. The threshold of U detection depends on several factors, but this threshold 1s usuvally

around 50 ppm.

cHigh lead con%ent prevents determination of these elements.

-cte-



Tabhle 15b.

Identification of Saemples

-tte-

Spanle 3ite Culture Deseription
KCL-1 Kolhapur Deccan, Cobalt blue transparent tetragonal bead with double
Catevehana dynasty opaque white dise inside, transecting axis, forming
(z. 100 B.C.-200 double white stripe on perimeter.
A.D.)(Dikshit 1969)
TER-1. Ter " Pale blue-green transparent hexagonel biconical bead.
KOP-2 Kopia Mound, with glass- Pale blue~green transparent chunk.
wvorking debris and
artifacts of ¢. 2nd=-
3rd century A.D.
Uttar Pradesh.
(Dikshit 1969)
ARI-1 Arikemedu Glassworking site, Opaque Indian red chunk.
Indo-Roman, SE .
coast. (lst century
A.D., Wheeler 1946)
ARI-2 " v Opaque green reheated cane bead, perforation incomplete,

color incompletely mixed, giving streeks of opaque green
and opague yellow.
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Table 16. Part 1b.

Identification of Samples

-9Ez~-

Semcle Site Culture Description
KOL-~2 Kolhepur Deccan, Bahmani Green transperent over yellow opague core, reheated
dynasty (1435-1518 cene bead.
A.D.)(Dikshit 1969)
KOL~-3 ! " Blue-green transparent reheated cane beed.
KAV-6 Kaverizat- Seaport of the Yellovw opague to translucent reheated cane bead.
tinus Chole kingdom, c. 850~
1300 A.D. (Panikkar
1965)(Sinha 1964)
KAV——[ " " " " n " AL 1} o
KAV-2 " " Yellow green opaque to translucent reheated cane bead.
KAV-1 " " Green opaque to translucent reheated cane bead.
KAV-8 " " Blue-green translucent rehested cane bead.
KAV-10 " " Indian red opaque reheated cane bead.
I{Av_g " 1 1" " 1 1] ” " ’
kav-3 " " Block opaque reheated cane bead.
Imv_u " n " " ” " n
KAV-5 " " Black opaque bicohe, with white stripe marvered in

eround perimeter.




Tuble 16. X~ray Fluorescence Analysis of Glass from Sites of the

¥edieval Period in India. Pert 2a. Possible Factory Sites in the Decean’

Sample Color Fe Cu Zn Rb Sr
MAS-5 cobalt blue 0.36 + 0.07 0.04 = 0.01 0.04 % 0.01 b b
MAS-2 black 5.9 % 1.2 n 0.01 n 0.01 N .01 N 0.02
MAS-3 yellow-green 2.1 * 0.4 <0.92 0.01 0.02 0.02
MAS-10b  yellow 1.8 % 0.3 0.01 0.01 b 0.04 * 0.01
14AS-10a  tlue-green 1.3 * 0.2 0.8 * (.2 <0.03 <0.01 0.03
MAS-5 green (cver 1.7 % 0.3 0.k * 0.1 <0.03 <0.01 0.0h *+ 0.01
yellow) _
MAS-9 blue~green 1.0 % 0.2 0.5 % 0.1 <0.03 0.01 0.02
MAS-1 green 1.5 * 0.3 0.6 % 0.1 <0.03 <0,01 0.06 + 0.0L
MAS-3 Indian red 1.6 £0.3 1.9 * 0.3 <0.03 <0.01 0.03 i
MAS-L Tndian red 0.9 % 0.2 0.7 % 0.1 <0.03 <0.01 0.04 % 0.01 3,1'
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 0.0k = 0.01 0.01 b 0.06 + 0.02
KAD-1a green 1.8 * 0.3 0.40 * 0.06 <0.03 <0,01 0.05 * 0.01
PAT-1 green 1.6 0.3 0.7 * 0.2 0.06 + 0.02 b b
PAI-2 bilue-green 0.8 *o0.2 0.8 0.2 <0.03 - 0.02 0.02
PAT-3 blue-green 0.8 * 0.2 0.30 * 0.05 <0,03 0.01 : 0.03




Table 16. Part 2a. continued

Sample Zr 5n Ba Pb U
MAS~5 b 0.016 * 0.004 Q.04 * 0.01 3.0 * 0.k b
MAS-2 0.11 * 0,03 <0.005 0.0k % 0.0L <0.03 c
MAS-8 0.02 0.023 * 0.005 0.0h * 0.0L 0.10 * 0.03 c
MAS-10% 0.05 + 0.01 0.27 = 0,04 0.08 + 0.02 2.0 * 0.3 b
WAS-1C:. 0.05 * 0.01 0.09 £ 0.02 0.06 + 0.01 0.20 * 0.0k c
MAS-6 0.02 0.22 = 0.03 0.0k £ 0.01 0.4 0.1 c
MAS-9 0.04 £ 0,01 0.012 + 0,004 0.06 £ 0.01 . 0.07 * 0,02 ¢
MAS-1 0.0L £ 0,01 0.22 * 0,02 0.05 £ 0.01 0.09 * 0.03 c
MAS-3 0.03 <0.005 ~ 0.06 * 0.0l 0.02 e
MAS-k 0.0k + 0.01 0.014 £ 0.00% 0.07 # 0.01 0.0k e
MAS-T 0.01 0.24 # 0.0k 0.03 2.1 % 0.3 b
KAD-1b 0.05 + 0.01 0.35 2 0.05 " 0.06 £ 0.01 3.0 * 0.k b
KAD-1e 0.06 + 0.01 0.10 = 0.02? 0.07 # 0.0L 0.37 * 0.05 c
PAT-1 ] 0.38 * 0.061 0.0k £ 0.01 k4.1 £ 0.5 b
PAT-2 0.09 * 0.02 0.14 = 0.02 0.07 + 0.01 0.1k £ 0.0k ¢
PAI-3 0.07 * 0.02 0.023 * 0.005 0.12 + 0.02 0.09 * 0.03 ¢

8M11 date are given in percent. Specimen MAS-5 contained 0.11 * 0.04% Mn and 0.08 * 0.02%
Co. For all other specimens, the upper limit for Mn is 0.1%, for Co, 0.05%, for Sb, 0.05%,
and for As 0.03%.

bHigh I'b content interferes with determination of this element.

®Not dctected. The threshold of U detection depends upon several factors, but this
threshold is usually about 50 ppm.

-gEe-



Table 16. Fert 2b.

Identification of Samples

~6Ee-

Somy 1o Site Culture Description
MAS-S inski Deccan, ¢. 1512 A.D., dated Cobalt blue transperent bangle fragment.
at Kadkel, 11 miles distant
(Dixshit 1969)
-2 " " Black opaque wound elliptical bead.
MAS-8 " " Pale yellow-green transparent bangle fragment,
with yellow opague trim, trim not analyzed.
MAS-10b " " Yellow opaque to translucent portion of com-
posite bangle fragment.
MAS-10a " " Blue~green translucent portion of composite
bangle fragment (same as 10b).
MAS-6 " " Green transparent over yellow opaque core,
bangle fragment.
MAS-9 " " Blue-green translucent bangle fragment.
MAS-1 " " Green translucent chunk.
MAS-3 " " Indien red opaque reheated cane bead.
:Ms__h " L ”n " ” ” " ”
MAS-T " " Yellow-green opaque to translucent outer layer
or a cored bangle fregment.
KAD-1b Kadkal Deccen, ¢. 1512 A.D., by Yellow opaque to translucent portion of compo~
impressions of ViJayanaegar site bangle fragment.
coins (Dikshit 1969)
KAD-1a " " Green translucent portion of composite bangle
fragment (same as 1b).
PAT-1 Paithen Dececan, ¢. 1512 A.D., Green opaque to translucent bangle fragment,
dated at Kadkel with colorant distributed near surface only.
PAI-2 " " Blue-green translucent chunk.
FAI-3 " " Blue-green translucent spirally twisted bangle

fragment.




Teble 16. X-ray Fluorescence Anslysis of Glags from Sites of the

“edieval Period in India. TFart 3a. Possible Factory Site in GuJerut&

Sample Color Mn Fe Cu Zn Sr
NAG-1,08A  cotalt blue, 0.6 * 0.2 0.4% + 0.08 0.04 + 0.01 “ 0.007 0.05 + 0.01
whibe
NAG-5:25 ¢nbnlt blue 0.07 1.6 * 0.2 0.08 + 0.02 0.01 0.02
LIAG-500 blue-green 0.11 * 0.0k 0.7 #* 0.2 0.7 # 0.1 <0.02 0.03
NAG-106 black <0.1 2.1 * 0.} 0.01 0.02 0.02
NAG-510 black <0.1 3.2 % 0.6 0.26 + 0.05 0.01 0.03
NAG-462 black <0.1 3.2 % 0.6 0.03 0.01 0.07 * 0.02
NAG-500 mottled <0.1 k.7 +0.8 0.01 0.02 0.05 + 0.01
NAG-LT2 grey-green <0.1 2.0 * 0.k <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

0.07 <0.02 <0.02 0.06 *+ 0.01

-

NAG-100 purple 0.5 % 0.1 0.35




Table 16. Port 3a. continued

[ Zr Sn Bu Pb U
IA3-1228A 0.02 2.9 £ 0.h 0.29 * 0.0k 0.23 % 0.05 b
L..5-€28 0.02 " 0.003 0.03 0.01 b
Bming 0.01 0.016 + 0.0Gk4 0.03 0.06 b
N:.G-186 0.02 0.05 % 0.01 0.03 0.17 % 0.0k b
I-Glo 0.02 0.031 * 0.006 0.05 * 0.01 <0.03 b
Maa-Lk62 0.02 v 0.009 0.0k *+ 0.01 <0.03 b
IAG-500 0.02 <0.005 0.03 " <0.03 b
NAG-bT2 0.01 <0.005 0.02 <0.03 b
NAG-1029 0.02 <0.005 0.04 £ 0.01 <0.03 b
FAG-100 0.01 <0.005 0.01 <0.03 b

-THe-

%411 date are given in percent. Specimen NAG-1228A contained 0.05% Co and 0.01% Ni, and
specimen NAG-628 contained 0.08 * 0.03% Co end 0.06 * C€.02% Ni. The upper limit for Ae is
0.03% on a&ll specimens, for Sb it is 0.005% on all specimens except NAG-1228A, which con-
tained 0.02% Sb.

buot detected. The threshold of U detection depends upon several factors, but this
threshold 1s usuelly about 50 ppm.



Table 16. Part 3b. Identification of Samples

Sample Slte Culture Deseription

NAG-17284 Hagara Cobalt blue transparent tetragonel bead with
double opaque white disc inside, transecting
axis, forming double white stripe on perineter

(as XOL-1).
RAG-~523 " Cobalt blue transparent bangle framnent.
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 " l;dot;led black, gray and green porous chunk, \
slag. n
MAG-LT2 " Grey-green porous chunk, ? slag. 'F

1" "n " " " 1t

NAG-1029 "
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-
nants of an apparent glass industry have been found. This is Ife, in
Nigeria (Lat., 7° 28' N., Long., 4° 32' E.) (see Figure 16).

Ife is traditionally associated with the origing of Yorube civil-
ization. Some say that mankind himself originated at Ife (Frobenius 1913:

I, 306). Others say that Ife was the first place of Yoruba settlement
(Fage 1969), perhaps as newcomers destined to merge with earlier inhabi-
tents (Davidson 1966) or perhaps to become their royalty. In historical
times Ife has been regarded as the chief and ancestral town of the Yoruba
royalty. Rulers of other towns, such as B:ain, an Edo town, and Oyo, &
Yoruba town, were ritually regarded as tributary descendants of +the ruler
of Ife.

To some extent the Yoruba civilization may be the cultural descen-
dent of the earlier Nok culture of Nigeria, which is only known archaeol-
ogically.

Whether autochthonous, derived, or both, the Yoruba civilization
seems to have crystallized several hundred yezrs ago, in the medieval per-
icd. £Euch a dating was carlier proposed on the besis of oral traditions
from Benin, althouch it may be questioned if the oral traditions allow
specification to century (see Talbot 1926, Egharevba 1960, Fage 1969,
Yradbury 1959, 1964). Over spproximately the past decade, archaeological
roveneel hou yidlded rodiceerbon dates of the medicval peried frowm Ife,'asso~
ciats! witn deccr ative pvuevements and with other artifacts. Thus, both tradi-
tion znd archazvology incicate that Ife may have been important in the redieval

period.
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Beais of coral, stone, and glass often figure in royal regalis in
West Africa, and the Yoruba are not en exception to this generality. Upon
ceremonial occasions royal personages may wear thousands of beads, as arm-
lets, crowns, necklaces, and in other forms. The tributary-descendent
ctztus which the Oka (ruler) of Benin had, historically, vis-i-vis the
ggi_(ruler) of Ife is synboliied by the tradition that not only Oranmiyan,
who founded the Oba institution of Benin, but also the Oba's royal beads,
came from Ife. Beaded crowns ere symbclic of descent from Oduduwa, the
first Oni of Ife (Willett 196().

Glass et Ife

It hes been knowm for generstions that glass beads and remnants
of glessworking could be found at various places in and near Ife. These
include beads, cruecible sherds lined with glass, occasional intact glass-
lined crucibles, and chunks and lunps of presumed cullet. Glassmeking is
not generally known in the area today, and épparently many people of the .
region do not reelize the original function of the crucibles. The myster-
ious artifacts are regarded with respect, however, and are often found on
the altars of local shrines (Fagg and Willett 1962).

A craft of ornament production util’zing these glass pieces exists
todey, and exicsted in the nineteenth century as well (Fegg and Willett
1952). The mejor known locality from which these recent craftsmen have
gathered their materizls over past decades is the Olokun Grove, & place

mssociated with Olokun, a god of wealth.lg Frobenius (1913:I) wrote that
i9

in historical times in West Africa, bturied glass beads were indeed a source
of wealth for the people in vwhose territory they lay, since they could be sold

to Furopeans who resold them in Ghana (see Davisen, Gizuque end Clark 1971).
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the material buried in the Olokun Grove was thought to hsve been provided
by the gods for the prosperity of the people of Ife, and that it was regu-
larly "spent" by the Oni of Ife until depleted. He further recounted that
ihe Grove and its contents were an issue in the nineteenth-century struggle
between the original people of Ife and newcomers in the Modeke quarter of
Ife.

The first person known to dig in the Olokun Grove and record his
findings was Frobenius, who reported that he found pottery vessels provided
with 1lids and lined with glass of different colors, interpretable as glass-
makers' crucibles. He also found ash, charcoal, and glass, and other
artifacts not related to glassmaking.

Although his report is not eatirely clear, it seems that much of
the glassmeking material was found in pits which were twelve to twenty-four
feet deep. The pits transect a layer of charcoel, ash, end beads at a
depth of about sixteen to eighteen feet. It is not clear whether these
pits were dug by origirnel glassmelters, by recent craftsmen seeking mater-
ials, by representatives of the Qgi seeking wealth, or by other treesure-

hunters.20

19(continued) In some areas digging rights may heve comprised e concession
wiiich could be ewarded by a king.

2OFrobeniu;i (1912:308) renorted that a few glazed crucible sherds were tound
in the top layer, vhich was agbout two and a half feet thick. These sherds
could be interpfeted as debris from recent diggings, brought up from the
depths and then sbandoned. About ten feet down he came upon broken crucible
snerds and blocks of stone, which he does not describe except to say that

they were wezthered (1913:94). One wonders if these blocks of stome
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The stratigraphy in the Olokun Grove has undoubtedly been severely
disturbed es a result of these various diggings. Moreover, it has been
largely planted with cocoa today. It seems clear that this is no site at
vwhich to investigate the Ife gless industry. It was therefore very inter-
esting when, more recently, f‘urf.her glass artifacts were found at the
archaenlogical site of Ita Yemoo. This site is interpreted as a possible
pelatial compound, occupied in medieval times, and containing shrines
(0Jo 1967, Willett 1959). This site does not seem to have suffered the
recent disturbances that occurred at the Olokun Grove, end it therefore
seems that glassmeking remnants found there mey have useful information to
yield.

The site at Ita Yemoo was discovered during comstruction. It was
partially excavated and studied by F. Willett (1959, 1960), who discovered
a series of remarkzble decorative pavements made from potsherds. Also
discovered were sculptures, glass beads, and glass~lined crucible sherds.
The site also yielded an intact crucible filled with glass end stone beeads

(photogreph in Willett 195G), but this was not found in situ.

2o(c:on'c.inued) represent some material used by the glessworkers, perhaps

a furnace lining, roofing, a shielding, or even work-benches. In such a case
the broken crucible sherds st the ten foot level may represent debris lying
on the glassworkers' own working floor. At sixteen to eighteen feet dowr
Frobenius found & level of charcoal, ashes, and beads (1913:94, 309). If
the glassworkers had dug pits approximately five feet deep in which to build
a fire and melt their glass, as the Hupe glassworkers do today (Nadel 19h2:
275), then the lower level of ashes and beads might represent the bottoms

of the glassworkers' pits.
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Glass artifacls 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
rituelly buried afier death. Orun Oba Ado yielded finished beads, but did
not yield evidence of glassworking.

Semples of glass from Ife end from a few other sites were subjected
to analysis by neutron activation and X-ray fluorescence methods. The results
of X-ray fluorescence have been discussed elsewhere (Davison, Gisuque and
Clark 1971). Here we shall discuss the results of neutron activation.
Results

Several kinds of glasa were found by our analysis of glass specimens
from Ife and other sites. These samples have been divided into three
Clusses. Class I (%uble 1T7) seems to comprise a worthwhile chemical group,
vhereas 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 activaticn enalysis of

specimens in Class T are presented in Table 17. Because this Cl.:s is a
worthwhile chemical group, it is hereafter referred to as the Ife Group I,
or simply as Group I. Within this Group, the concentrations of the besic
ingredients ure fairly constant, varying widely only when iron is used as
a coloring ageni (ITA-89, ITA-27D, ITA-27C, ITA~27TT, ITA-27U). The concen-
trations of thc additives manganese and cobalt, though varying widely, dis-
pley & consistent ratio, which is discussed below.

On the basis of a combined consideration of glass ingredients and

gless appearance, Group I may be divided into & number of categories. Nested
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within Group I is a subgroup, named Group IA. It consists mainly of the
blue-yellow dichroic and corded beads which were the subject of an earlier
report (Dav.son, Giauque and Clark 1971). About half the samples of Group I
ralls into the nested Group IA. The illustretions in Figure 17 include some
samples of Group I, and further samples are shown in Plate V.

Group TA: The Dichroic and Corded Glass. About half the samples
in Group I falls into Group IA, and, of these, a littie over half exhibits
blue/yellow dichroism. In reflected light the dichroic samples sppear blue,
but in transmitied light they are greenish-yellow. Needless to say, the
dichroic effect shows a range in its expression, that is, in some beads the
blue/yellow contrast is more marked than in others.

Other semples of Group IA are blue in both reflected and transmitted
light, and they exhibit cords.

When the resulfs for the fourteen precisely-known elements are
averaged as for two separate groups, defined as "corded beads" and “dichroic
beads”, the resulting two mean values for each element agree within one
standard deviation for every elemént (Figure 18). One would not expect
rmore than two-thirds of the parameters to agree within the ranges defined
by & standard deviation, but in this case all do. In addition, the means
sgreed within the standard deviations of the means (stenderd error) for ten
of the fourteen elements (Table 18), Just over two-thirds. As above, one
vould not exioct more thon two-thirds agreement. This evidence, in combi-
nation with the fact that one bead (ITA~2TN) is both dichroic and corded,
forms the basis for our conclusion thet dichroic and corded beads are,
statisticelly, chemiczlly indistinguishable and belong in one group. In

this group we also include three additional borderline cases, which show
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ITA-65, ITA-2TU) and Class IT (the remainder).
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chemicel agreement with the others and which resemble them visually, but
which were excluded from the trial groups by definition. These ere:

1) ITA-27N, the bead which is both dichroic and corded; 2) ITA-1030, &
bead which is only slightly turbid and seems to fall short of exhibiting
dichroism; and 3) OLO-8A, not 2 bead, but a dichroic lump of presumed
cullet. Altogether these samples form Group IA.

The dichroic effect is provably due to simple light-scattering.
When on inlense small bemm of light is passed through a piece of this glass
and the piece viewed perpendicularly to the direction of the beam, the
peth of the bewn in the glass is visible. This visibility is mede possible
by light scattering. In suitable diffuse transmitted light the piece of
glass will abpear yvellowish-green, while the path of the in%ense incident
beam, viewed perpendicularly to the direction of the beam, appears blue.
This effect may be seen in members of Group I, Wut it was best observed in
the two dichroic glass sherds found at Ife, one of which was analyzed and
found not to belong tu Group I (Table 21, IFE-29:). In general, these two
sherds do not scatter blue light as noticeably as do the beeds and cullet.

The corded effeet is simply the arrangement of the glass in cords,
giving the gless the appearance of a viscous stretched materiel, such as
toffee (see Flate V, ITA-27F).

The vizual difference betwsen corded and dichroic beads could well
be releted to physicel factors, rather than to the presence or absence of
any ingrediert undetected by our znalyses. There are a number of :ffects
in £luss that denend on delicate balances of severuwl rectors, suen as the
rate of eooling. Thsic valances are something of an art to achieve. When

such effects wre achisved in glass, they are said to "strike". I the
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dichroic effect is related simply and only to the cooling of the glass, then
presumably a ccrded bead wew.d appear dichroic, and vice versa, if reheated

and coaled appropriately.

Mengenese and Cobelt in Group I. A very persistent feature of the

glasses of Group I is the preponderance of manganese over cobalt. Although
tne exact retio of menganese to cobalt varies, on the average, omitting
IT74-65 (see below), this retio is about nine to one {9.2 * 3.B). Figure 19
shows the correlation between the concentrations of these two elements in
all samples of Group I. Teble 19 lists the ratios individually.

This correlation can be explained by the use of an ingredient con-
taining both manganese and cobalt in a fairly constant ratio. It seems
possible tha{: 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 colcrlsss nor are any of them purple. All but five are
some shede 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 mangznese/cobalt component plasys. These include four black (extreme-
1y derk green) samples (ITA-89, ITA-27D, ITA-27C, ITA-27U) and one green

omple (ITA-2TT). It is conceivable that the glassmeker at onc point .°end~-
ed these samples to ba blue, vut later, intentionazlly or not, e.ded sope
ten time: Lhe uzial wiount of iron, causing them to be green and bleack.

In &ddition, it is difficult to be certain if the cobalt content

¢l the pgleses rakes @ contribution to the colsr of the blue-green sarules

(for example, ITA-£63, 1TA~100, ITA-30L, ITA-2T"0", 1TA-27V, ITA-27Q, ITA-—?TR).
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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 understanding'the 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 Tablev21), but one cannot dlamiss 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 trensmitted light.al

One sample appears definitely to contain none of the manganese/co-
balt component. This is ITA-65, a very pale blue-green glass. ITA-2TT
and ITA-863 have very little, if any, of this component. These three
samples show on the extreme left of Figure 193.

There is considerable variation in the individual ratios of mangan-

ese to cobait (Table‘19 and Figure 19). However, if one considers a likely

21Cobalt 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 ty 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 Lhe blue color in the corded

rneecimens., which may be specimens in which the dichroic effect did not

"strike" (or vice verssa).
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way that these two elements may have entered the glass together, it seems
unreasonavle to demand that the correlation show much less scatter than it
does., It was proposed above that these two elements mey have entered the
glass in a cobalt colorant which was abundently "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
mangenese., It often contains considerable cobalt, and, when it contains
between 4-35% 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 retio of manganese
to cobalt. Instead, one might expect a correlation to show comsiderable
scatter, as does Figure 19.

Class II. Class II (Table 20) consists of sods-lime glasses that
bear a general resemblance to one another. The illustrations of Figure 17
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 i;'ltact crucible from Ite Yemoo (Willett 1959). This
cless does not show any cheracteristic 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 soamples, ond must be regarded es a very generazl glass grouping.
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Class III (Table 21) includes three blue/yellow dichroic samples
thet do not belong to Group I. They are: IFE-291, one of two blue/yellbw
dichroie sherds found at Ife by Braunholtz, presumebly surface tinds, and
deposited in the British Museum E,'19h6; 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 anelysis 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).

Menufacture of the Glesses Found at Ife

We cannot prove that the glasses found at Ife were or were not made
of raw materials at any perticular place, or even on any particular conti-
nent. However, the menufacture 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 comstituents, resembles European 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 sode-lime
glasses, undisgnostic of manufacture except that medieval Furope would
seem an unlilely source. As nofed in Chapter 2, such glasses were exten-
sively made in aacient and modern Europe, and in ancient, medieval, and
modern times in the Near East.

The manganese/cobalt component gives ro useful hint about the place
of manufacture of the glass of Group I or gbout 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 possibility of loecsl menu-
facture. No storage lots of sand or alkali are known from archaeological
investigations in West Africa. Tﬁe 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-Saharan West Africa. No iron blowpipe or pontil has been preserved.

It is elways ﬁossible that glassmaking from raw materials and glass-—
blowing might have existed in West Africa without leaving traces. Fowever,
at our present state of knowledge there is not sufficient reason to hypo-
thesize the exisience of a West African cenler of produetion from raw mat-
erials, for which no tangible evidence has been reported, in order to
explain glasses which fit into the meinstream of production in Europe and

the Near East.
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If the glass was not mede from raw meterials 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 19T1; Charleston 1963; Lamb 1965a; Pliny,
in Winbolt 1933; Hall et al. 1§64; Krieger 1943; Sordinas 1965; Nadel 19L2; .
Frobenius 19133 Brill 1970:159; Bowdich 1918; and others).

Reworking: Group I (Cless 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 rvoduct or

a raw material of this activity. It seems unlikely that the dichroic and
corded beads were produced at Ife, Tor 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
fregment 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 frowm the Clokun 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 unusuzl blue-green beads recovered from the excavations at Ita Yemoo
(Plate Vv, ITA-270, ITA-27V, ITA-27Q, ITA-27R, 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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Scme bear applied stripes, which are not marvered in, which can be picked
off with the firzernail, and which are scmetimes crooked (Plates V, VII).
Cue casual bead, ITA-27X (not analyzed) shows dichroism, and bears a
ztripe design like that on the analyzed specimen ITA-27Q (Plate VII).
Another casual bead, ITA-2TW (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 mey represent the sort of item produced
at Ife by the reworking of imported glass of Group I. Local reworking
could explain the relatively elevated iron content of the casual beads,
by contemination with this ubiquitous element upon reworking, perheps from
iron tools.

For the remainder of the beads in Group I, it is difficult to Judge
if they were more often produpts or rav materials. Except for ORU-82, =
cane bead (Figure 1T), their form is such thet they could have been made
without the use of glassblowing (Figure 17).' Our samples were limited;
further investigations mey clarify this point.

Reworking: Class JI. 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 & puor state of preservation. Figure 17 shoss examples of glasses
of Class II.

Class II is too ordinary and too broadly defined to be distinetive
and useful diarsnostically as a chemical group. Its chiefl criterion of mem-

terahip (o sods-liwme sless) is lex enough to allow beads of widely varying
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Plate VII.Striped Beads of 1ta Yemoo.
Possible import at center, "casual"
beads at sides.
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manufacture to be members. For example, the class includes ‘the bead ITA-20.
This is a blue rehested cane bead with stripes of opaque white framed by
red (Figure 17, Plate VII). TIts manufacture end design are typical of
European production fram sbout 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 mmerous 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 laboriously 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.

Revorking: The Wider Context in West Africa

The art of reworking glass is found in several parts of sub-Ssharan
West Africa.

The Nupe of FHorthern Nigeria include among their numbers a glass-—
working caste. Although some.small knowledge of glass menufacture from raw
materials exists within this caste, the majority of Rupe glass products
The rew mater-

ere mede by reworking imported glass (ladel 19h2:27h-278).

iuls include botile sherds end imported glass beads.
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Besides the Nupe, other groups in West Africa rework imported glass
beads into homemade objects, particularly ornements. In 1819 the missionary
Bowdich, who apparently 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 processes of bead-making have been described from more recent obser—
vations in Ghana and Togo (Krieger 1943; Sordinas 196‘5).22 The methods
involve the use of molds and of powdered imported glass, including powdered
imported glass hbeads.

The Accra Museum was recently observed (Clark 1972) to have an
exhibit of such bead-meking processes.

Less clear accounts of similar activities in Africa in the past

appear in scme historical writings (Hutton 1821:192; Gluck 1937:97).

Links With Other Sites

The Tables show that Beads and cullet belonging to Group IA (dichroic
and corded) are known from Ilesha, Koumbi Saleh, Gao, and Onikroga (near the
Ossi River), in addition to Ita Yemoo, Crun Oba: Ado, and the Olokun Grove.

It has previously been indicated, on the basis of X-ray fluorescence analy-
5is, that o corded ocud recovered from the excavations at Tegdaoust may

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
1940's in St. Iouis (Sénégal), Abidjan (Ivory Coast), and Tamale (CGhana).
They are preserved in the van Riet Lowe bead collection (University of the

Vitwatersrand), where some are a donation of R. Mauny.
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This bead did not receive neutron activation analysis and cannot be shown
to belong to Group IA. The occurrence of specimens in the medieval desert
entreplts of Koumbi Saleh, Gaso, and possibly Tegdaoust, is consistent with
var hypothesis of medieval European manufacture and importation inte West
Africa, presunably via North African trade routes.

One bead from Ighbo Ukwyu may be considered to metch Group I at Ife.
This was IGB-N3C, a sample from Type N3 (Shaw 1970). It shows the mengan-
ese/cobalt ratio ch;racteristic of Ife Group I, end its elemental concen;
trations fall within one standard deviation of the Group I elemental means
for nine of the fourteen precisely-determined elements (Table 17). Two of
those vhichldo not fall within one standard deviation are manganese and
cobalt, which do show the correlation characteristic of Group I (Figure
19). Their unusually high concentration of manganese and cobalt is the
reason they do not fall within one standard deviation of agreement with
the Greur I means for these two elements.

Four other beads of Type N3 did not resemble Ife Group I. The data
from IGB-N3C havenot been included in any parametsrs representing Ife Group
I. (The beads of Igbo Ukwu are discussed in the following chapter.)

Dating of the Industry av Ife

Stratigraphic evidence at Ife has not yet come to light which can
resolve more than one period; a simplest-hypothesis rule therefore would
demand only one period of glq§sworking be defined. As discussed below,
this "single" period >f glassworking could have existed as early as medieval
times and perts sted into the present, with recent activities centered et 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 lesst some of the earlier reworking appears to date to c. the
tenth to twelfth centuries A.D., because remn;nts of glassworking, including
crucible sherds from Group I and Class II, were recovéred from in situ at
Ita Yemoo, which is thought to have been occupied from sbout the tenth to
twelfth centuries A.D. (see Willett 1971:366).23 Such & dating is consis-
tent with glass histor& with respect to both Group I and Class II, as dié—
cussed below. No samples of Class III csme from Tte Yemoo.

Group I: Dating Considerstions. The glass of Group I is & potas-

sium glass. As steted in Chapter 2, such glasses are associated chiefly
with medieval Europe.zh The onset of production of this sort of glass in
Europe is not clear, but informed estimates place the beginning in sbout
the ninth to tenth centuries A.D. (Geilmann 1955:150; Chembon 1958:100;
Turner 1956c:288T). Potassium glasses remained in use until the centuries
after the Renaissance, when it graduaslly ceased to be uséd for high gquality
products generally, and to be restricted to certain luxury types of gless.

However, it continued to be used for utilitarian objects, sucb as bottles,

£3Two radiocarbon dates from below the decorative potsherd pavement gave

the results 960 * 130 A.D. {BM-261) and 1160 * 130 A.D. {BM~259). Two radio-

carbon dates from above the pavement gave the results 1060 * 130 A.D. (BM-

262) and 1150 * 200 A.D. (M-2119).

2hPotassium glasses are usually associated with Christian rather than Muslim

Europe, although no rigorous survey has established this association. There

is no problem in visualizing Christian-made glasses reaching Muslim traders

in Morth Africa. As Boyill wrote (1958:111) of the medievul period, "Chris-—
tisn shipping lsy in every port from Tripoli to Agadir...."
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well into the colonial period (see Honey 1946). This fact should be kept
in mind when dealing with glasses reworked in West Africa. Without the
radiocarbon dates from Ife or the specimen from Koumbi Saleh, the glass of
Group I could be considered recent.

As stated above, the radiocarbon dates from Ita Yemoo date at
lcast some of the reworking at Ife to about the tenth to twelfth centuries
A.D. Some evidence that Group I might have actually been in manufascture
slightly earlier, such as the ninth century, is provided by the rediocarbon
dates from Orun Oba Ado, where four beads belonging to Group I were recov-
ered. ORU-17 came from Pit 3, which yielded a radiocarbon date of £00
+ 120 A.D. (M-2114); ORU-20T and onu-eé came from Pit 5, which yielded the
seme date (800 # 120 A.D., M-2115), and ORU-179a came from Pit 11, which
yielded a date of 560 * 130 A.D. (BM-265). The ninth century dates seem
confirmed by two approximately teﬁth century radiocarbon detes from Pit &
at the same site, 940 * 150 A.Df (M-2116) and 990 + 130 A.D. (BM-26k4) (see
Villett 1971). The approximately sixth century date is an isolated deter-
mination, unconfirmed elsewhere at similar sites in Nigeria, nor would it
readily be acceptable to glass historians for a glass of the composition
of Group I.

The medieval dating of Group I is supported by other documentary
and archaeologiczl evidence independent of Ife and of Yoruba history. As
already noted, a dichroic bead of Group I came from the excavations of
Koumbi Saleh, a site identified as the capital of medieval Ghana and an
important desert emtrep8t known from documentary sources to have existed

in the tenth century (Mauny 1961, Bovill 1958}, and to have been destroved
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¢+ 1240 A.D. (Davidson 1959:89). Thic site has yielded a radiocarbon date
commensurate with ‘this period, 1210 * 120 A.D. (Sa-T7, Fagan 1965).

It thus seems possible that Group I beads were made in medievel
Europe, perhaps as early as ¢. ‘the ninth to tenth centuries A.D., and then
traded across the Sahara to present-day Nigeria. The reworking of Group
I beads may have been carried out at any time(s) after the glass appeared
in West Africa. It seems clear from the evidence at Ita Yemoo that at
least some of the reworking of Group I glass may have been carried out in
the tenth to twelfth centuries, or, soon after importation.

Class IT: Dating Considerations. The occurrence of samples belong-

ing to Class II in situ at Ita Yemoo shows that some soda-lime glasses as
well were being reworked by about the tenth to twelfth centuries A.D. One
cannot estimate the date and place of manufacture of these glasses closely
at all, except to say that they probably post-date the fourth to fifth
century A.D. (see below). Class II is too broadly defined to permit the
conclusion that its members share a specific common origin. A medieval
Islamic or post-Renaissance Européan origin would both be reasonable;
indeed Class II may contain samples of both.

It is the use of tin as an opacifier which indicates that all members
of Class II post-date the fourth to fifth centuries A.D. Before this time,
antimony was the usual opacifier in use (Sayre 1963, 196k). After this
time, it went out of use until the seventeenth to eighteenth centuries A.D.,
when it reappeared (Turner and Rooksby 1962, Kunckel 1679). During the
ceonluriss thot i1 vos out of use, it was presumably replaced by tin. The
use of tin did not disappear when antimony reappeared, and for modern glasses

(seventeenth century end later) either opacifier may be encountered.
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Class I11: Dating Considerations. Class III cannot be used to date
the glassworking industry at Ife with any more precision than Class II. It
is an exceedingly general class of miscellany that were analyzed during the
research. Only three of its nine members came from Ife, and of these only
one piece, a fragment from the Olokun Grove (0L0-2), appears to be a remnant
from glassworking. However, glass found in the Olokun Grove may be the
results of recent manufacture and/or reworking, end of little aid in estab-
lishing dates. The remaining two pieces from Jfe were sherds, one from the
Olokun Grove (0LO-8e), and one from the surface generally (IFE-291). No
samples of Class III came from Ita Yemoo.

A Possible intergretation

Ife holds a special place among Yoruba towns, for it symbolizes
Yoruba origins, sometime in the medieval period. A medieval date is con-
cordent with radiocarbon dates obtained in excavations at Ita Yemoo and
Orun Oba Ado, with oral traditions from Benin, and with glass history.

The importance of Ife in Yoruba history is attested by its role in tradi-
tions, as previously pointed out. Although the traditions differ, they
share in common the indication that Ife was important "in the beginning".

The glass of Group I, quite likely me@ieval European in manufacture,
may have been obtained as beads by these earliest Yoruba, and may have been
buried in burials, compounds, or shrines at the ancestral site of Yoruba
scttlement, Ife, to be later rediscovered once or many times. This glass
may have been, or may have come to be, symbolic of, or even a monopoly of,
royalty. Some such situation would be consistent with the place of beads
in royal regalia (compare Igbo Ukwu, Chapter ). Iocal gl assworkers of

medievel and later periods mey have exploited these medieval glasses, perhaps
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elong with other glasses contemporary with themselves. GClasses belonging

tc Class II and Class III (OLO-2, Table 21) were involved in the reworking

activity. .

From time to time, the items involved in the glassworking activity
may have béeﬁ placed.in shrinés, perhaps because the fragments were myster-
ious. In the shrines the glass pieces may have accompanied other artifacts
of varying a2ges, as is the case with present~day shrines.

Glass re&orking which is carried out todasy, usually involving speci-
mens from the Olokun Grove, is not reported to involve melting of the glass
(Fagg and Willett 1962), but simply drilling. It is not known whether the
present—day'craftsmen are the direct heirs of a glassworking tradition which
once contained, but has now lost, the knowledge of melting, or whether they
know how to melt but prefer not to, or whether their activities are unrela-
ted to those evidenced in the archaeological record at Ife.

Summary

The archaéological remains of the Ife glass industry are here inter-~
preted as evidence of a reworking activity. At least scme of the glass it-
self appears to have originated in medieval Europe, perhaps as early as the
ninth to tenth centuries A.D., &@s is indicated by radiocarbon dates from Orun
Cba Ado, vwhere artifacis of the glass were included in ritual burials.

Reworking may have been carried out at different periods which are
now blurred in the stratigrephic record. The presence of crucible linings
in situ at Itz Yewoo indicates that at least same of the reworking was car-
ried out during or bty the tenth to twelfth centuries A.D., the period to
which occupation of this site is dated. Such a medieval date is consistent

wilh the composzitions of all our samples found in situ at Tta Yemno.
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Table 1. Ife Group I: Neutron Activation Analysisa’b

Samvle Description Celor

IT4=30C bead, csne, corded cobalt vlue
ITA=-271 "
ORU=-207 o
ITL=30D "
ITA =27 "
ITp=-273 "
1741-27G " "
ITA=27B "
ITL=-27F "
ITr=27H "
TTA=-1442 "
ORU=~33% "
IT+-920 bead, cene dichroic
oLD-27 "
ILE-23324
ITA-274 "
ORU=17 "
ORU-179A "
TTA=27d " "
I7L-855 "
CITA-1411 "
¥0U-1 "
ITr=27L " "
GrO-1 "
I7n=27K *
053=-1 "
Ipr-943
InL=940 "

0:U=-173 "

LARE 2 ) " . corded
17:-1030 " , turtid cobzlt blue
0LO-5¢ cullet dichroic
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Table 17a. continued
3zmple Descrintion Color
ITA-27"0" casual barrel blue-green
ITA-27V " bicone "
IT4=277 " barrel, with stripe "
ITA=-27R " bicone o
ITA-B63 crucible lining "
IT£-30B cullet "
IT£=-100 crucible lining "
ITA-304 " cobalt blue
ITA-1386 " "
ITA-944 cullet "
ITA=-27A " "
IT4=278 " "
ITA-1035 crucible lining "
0L0-8B cullet "
0L0-8C " "
CT.0-8D " "
0L0-3 crucible lining "
CLO-1B cullet "
0LO-337 crucible lining "
ITA-65 bead, short cylinder blue-green
IT+-27P bead, fragment cobalt blue
ORU-82 bead, cane long cylinder, "

with four Indian red stripes
IT+=27U bead, barrel black (dark green)
IP£-89 crucible lining " " ¢
IT#+=27D culiect " "
ITr=27C " " "
ITs-27T ", corded green
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Table 17a. continued

Sample Color Al (%) ca (%) cu (%}
-30¢  co bl. 6.15 % 0.25 11.01 + 0.69 b
-271 " 6.70 *0.21 11.25 + 0.73 b
-207 o n.a.? 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 * 0.91 b
-276 . 6.63 :0.16 12.65 * 0.82 b
-27B " 6.18 +0.13 11.98 * 0.77 b
-27F " 5.37 £0.28 12.31 * 1.19 b
~2TH " 6.57 +0.20 11.95 * 1.00 b
-1442 " 6.63 +0.17 11.70 * 1.07 b
-33 w 6.06 £0.28 11.48 * 1.49 b
-920  aich. 5.91 #0.09  9.31 * 0.59 b
-27 " n.d. 10.98 * 0.57 b
-2334 " 6.41 £0,17  8.87 * 0.73 b
-278 " 6.19 20.10 12.36 * 0.66 b
-17 " n.d. 9.68 * 0.64 b
-179A " 6.51 %0.15 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 " £.71 +0.20 11.41 * 0.8? 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
-94¢ “ 6.86 +0.45 11.73 * 1.25 b
-183 " 7.53 +2.12 10.61 * C.88 b
-27N " 6.19 £0.30 12.54 * 0.77 b
-1030 " 6.51 %0.13 12.35 * 1.00 b
-8A o 6.53 %0.22 10.64 * 0.82 b
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“ahle 172, continued

sample Color AL (%) ca (#) cu (A)
~2TU0" blegr. 6.82 +0.29 10.88 + 0.88 b
=27V " 6.61 + 0,16 9.51 + 0.71 b
-274 " 6.07 +0.17 9.15 + 0.75 b
-27R " 6.60 + 0.18 9.96 + 0.73 b
-B63 " 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
~308 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
~27A ! 7.13 +0.16 11.85 * 0.75 b
-orm " 6.79 +0.15 10.89 z 0.86 b
-1035 " 6.13 +2,08 11.86 + 1.15 b
-8B " 7.04 £0.37 10.76 + 0.87 b
-8C " 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 20.49 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 " 6.33 +0,%8 10.46 + 1.10 b
-z27c ) 6.32 +0.17 9.47 + 0.91 b
-27T green 7.04 %0.20 7.23 + 0.31 0.021 0.007
Mean and RMSD” 6.46 +0.63 10.94 * 1.2P b




-2T6=

Table 174. continued

Sample folor Mn Na (%) K (%)
-30C co bl. 1,493 & 22 1.72 +0.0% 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
-27G 3,516 + 59 2.04 +0.04 5.62% 0.89
-27B " 3,825 + 120 1,51 0,94 6.01% 1,13
—27F " 4,235 + 60 3.%6 +0.04 3.06* 0.81
-27TH " 5,486 + 107 2.45 £ 0.04 4.02% 0.95
-1442 " 5,841 + 81 2.49 +0.04 6.61% D.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
-2334 " 2,577 + 62 1.55 +0.04 7.43 % 1,11
274 " 1,981 + 58 1.65 % 0.04 5.80* 0.99
-17 " 1,567 + 44 1.57 +0.03 5.60% 1,02
-1794A " 1,852 + 103 1.47 +0.03 6.43 * 0.57
=273 " 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 + S8 1.6 +0.03 7.74 % 0.73
-27L n 2,994 + 51 1.35 £0.0% 6.11 £ 0.81
-1 " 3,266 + 54 1.40 +0.03 6.79 * 0.75
~2TM " 3,209 + 5. 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 " 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 & 1 1.79 +0.05 3.89 * 0.57
~1030 co bl. 3,977 + 69 3.12 +0.05 2.21 t 0.88
-84 dich. 2,294 + 41 1.51 +0.03 5.54 * 0.73
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Table 174. continued

Sample Color Mn Na (%) K (%)

-27"0" bl-gr. 2,496 + 36 1.64 % 0.03 5.%36 = 0.76
=27V " 2,606 t 36 1.71+ 0.03 6.70 + 0.78
-27Q " 2,501 + 36  1.59+ 0.03 5.70 ¢ 0.74
-27R " 2,656 * 37 1.71% 0.03 4.71 % 0.68
-863 " 501 % 10 3.09 + 0.04 3.57 + 0.52
-30B " 2,921 * 53 1.91+ 0.03 7.28+ 0,77
-100 " 1,990 % 29 1.50+ 0.03 6.41 + 0.73
-308 co bl. 2,098 * 39 1.62:+ 0.03 6.82: 0.70
-1386 N 1,711 * 26 1.83% 0.02 5.50 ¢+ 0.49
-944 n 2,403 * 44 1.43* 0.03 6.07 + 0.69
=27A ! 2,460 * 45 1.40% 0.03% 5.07+ Q.71
-278 N 4,097 + 74 2.20% 0.04 4.58: 0.81
-1035 " 5,695 + 94 2.54% 0.04 4.42 + 0.85
-8B " 1,958 + 29 1.27+ 0.02 6.31% 0.65
-8C " 2,416 % 35 3.27+ 0.04 0.6l + 0.56
-8D " 4,033 = T1 3.39+ 0.06 .45 ¢ 0.76
-3 " 4,387 + 86 3.07+ 0.05 5.92+ 0.88
~1B " 7,156 +*119 3.49+ 0.04 1.76 + 0.95
-337 " 7,498 147 %.11%* 0.05 2.66 % 0.90
-65 bl gr. 280 + 9 5,50 0.06 2.92:% 0.54
~27P co bl. 6,227 =* 87 1.09+ 0.03 7.06+ 0.96
-82 " 6,338 105 2.67T+ 0.04 3.97 + 0.82
-27U black 3,235 % 56 1.82:x 0.03 4.49 + 0.67
-89 " 3,589 * 5%  2,09% 0.03 4.08+% 0.71
-27D " 4,802 £ 68 1.74+ 0.03 4.16% 0.71
-27¢ " 4,778 + 82 1.80% 0.03 4.21% 0.75
~277 green 730 + 16 3.44 t 0.05% 5.8+ 0.60
Mean and RMSD 3,505+1,762 1.99 * 0.83 5.35 1.6%
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Table 17a. continued

samovle (olor U La

=30C co bl. 1.66 + 0.02 4.05 + 0.3%7
~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 z 0.02 4.24 + 0.38
-27E " 1.12 + 0.04 3.52 + 0.77
-27G " 1.23 £ 0.04 3.91 + 0.82
-27B " 2.57 + 0.11 12.24 + 0,22
-27R " 1.80 + 0.03 12.04 = 0.54
-27TH " 1.61 + 0.05 30.65 £ 1.23
-144c " 1.25 + 0.03 21.31 £+ 0.70
-33 " 0.87 + 0.04 13.66 + 0.8l
=920 dich. 0.0% + 0.03 2.84 + 0.07
-27 " 2.91 + 0.12 3.18 + 0.20
=233A " 0.98 + 0.08 4.32 + 0.19
=274 i 2.65 + 0.09 7.33 + 0.20
-17 ? 5.28 + 0.16 12.85 + 0.28
-179A " 4.62 + 0.20 7.80 £ 0.22
=27J " 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
-27L " 0.96 + 0.04 10.42 £ 0.86
-1 " 1.12 + 0.04 6.81 + 0.87
-27M " 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
=278 " 1.76 + 0.02 3.19 + 0.36
-1030 co bhl. 0.64 : 0.05 4.71 ¢ 1.12
-84 dich. 1.16 + 0.02 2.66 + 0.38
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3ample Color U La

-27"0" bl-gr. 1.20 + 0.03 11.96 + 0.49
=27V " 1.22 £ 0.03 10.98 + 0.53
-27Q " 1.19 £ 0,03 12.58 * 0.50
-27R " 1.19 +# 0.03 12.01 * 0.51
-863 " 0.97 + 0.02 5.97 £ 0.44
-30B " 0.89 + 0.03 2.79 + 0.60
-100 " 1.22 + 0.02 3.92 + 0.36
=304 co bl. 0.98 * 0.03 3.22 + 0.62
-1386 " 0.81 * 0.01 5.45 = 0.29
-a4; " 1.26 £ 0.03 3.67 £+ 0.65
-274 A 1.02 £ 0.04 12.75 * 0.77
-78 ! 1.25 £ 0.04 16.52 +* 0.91
-103% " 2.32 + 0,02 14.87 * 0.43
-8B " 0.87 * 0.02 2.57 * CG.3%5
~-8C " 0.72 + 0.02 9.46 * 0.48
-8D " 1.21 £ 0.0% 33.89 * 0.69
-3 " 1.39 + 0.06 T77.74 £ 1.66
-1B " 1.26 + 0.02 8.15 * 0.44
-337 " 2.08 + 0.06 14.70 * 1.19
-65 bl-gr 1.85 * 0.03% 4.56 * 0.5%
~27P co bl 0.73 + 0.02 24.27 * 0.55
-82 " 1.14 £ 0.02 19.05 * 0.49
-270 hlack 1.42 + 0.05 22.23 + 1.10
-89 " 1.52 £ 0.03 23.87 £ 0.69
~27D " 1.30 + 0.0% 17.42 * 0.58
-27C " 1.33 + 0.05 17.10 # 1.09
-277 green 1.14 + 0.04 9.58 t+ 0.87
Mean and RMSD 1.4% £ 0.86 13.29 +18.55
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Table 172. continued

Samole Color Co Se

-30C  co bl. 145.77 + 1.17  0.69 # 0.02
-271 " 203.45 + 1.58 /0.75 + 0.03
-207 " 276.25 + 1.61 / 1.27 & 0.03
-30D " 282.14 * 2.88/ 1.28 + 0.04
-27K " 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
-278 v 526.44 *2.99 1.10 : 0.04
-27F " 686.89 *5.03 1.12 + 0.05
-27H " 800.03 * 7/95 1.83 1 0.07
~1442 " 944.83 t 6.78 1.23 * 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 1 0.02
-23%8 " 141.29 * 0.99 1.41 : 0.02
-274 " 145.50 + 0.86 0.94 + 0.01
-17 " 208.13 * 1.45 1.02 : 0.02
-179s " 257.18 + 1.67 1.36 * 0.03
-27J " 278.14 *2.11 3.14 * 0.04
-855 " 300.70 + 1.74 1.37 & 0.03
-1411 " 384.18 t 2.57 2.27 % 0.03
-1 " 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 " 668.62 *7.18 1.16 *0.06
~183 " 1,125.10 *9.42 2.50 *0.09
-27N " 86.60 *0.76 0.79 *+0.02
-10%30 " 526.79 £5.71  1.30 +0.06

-8 " 372.59 *+3.2%  1.33 *0.04
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Table 17a. continued

Sample Color Co Sc

-27"0" bl-gr. 295,15 + 2.23 1.66 + 0.03
=-27V " 297.77 £ 2.24 1.56 + 0.03
-274 " 300.43 ¢ 2.25 1.57 * 0.03
~27R " 305.89 + 2.30 1.65 * 0.03
-B863 " 31.55 ¢+ 0.35 0.47 * 0.01
~30B " 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 " 24%.74 £ 2.09 1.43 £ 0.03
~944 " 267.09 + 2,71  1.(G7 * 0.04
=274 " 353.99 £ 3.55 0.91 % 0.05
~278B " 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 " 597.10 * 5.92 2.42 * 0.06
-1B " 945.10 * 7.90 1.73% ¢ (.08
=337 " 1,054.50 * 10.42 2.77 £ 0.13
-65 Y1l-gr. 1.89 + 0.07 0.89 * 0.01
-27P co bl. 805.21 + 5.93 2.20 * 0.06
-32 " 823.16 + 6.89 1.84 * 0.07
=270 black 307.59 * 3.35 5,19 * 0,05
-8 " 389.21 £+ 2.88B 6.75 * 0.05
~27D " 402.35 * 2.98 4.48B * 0.05
-27C " 405.68 * 4.38 4.40 * 0,05
-27T green 33.77 * 0.43 1.97 * 0.02
Mean end RMSD 413.03 £275.52 1.67 * 1.13
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Table 17a. continued

Sample Color Fe (%) Yb Cs
~300 co bl., 0.22 +0.01 0.63 & 0.05 6.20 % 0,20
-271 " 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 +0.10 8.20 % 0.30
-27K " 0.21 £0,02 0.70 + 0.07 14.80 * 0.30
-278 " 0.28 #0.05 0.62 * 0.12 9.50 * 0.40
-276G " 0.34 £0.03 0.65 * 0.12 6.70 £ 0.40
~278 " 0.30 +0.02 0.85 % 0.08 7.60 % 0.30
-27F " 0.19 +0.03 1.72 + 0.09 2.40 £ 0.40
~2TH " 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 5.10 * 0.80
-920 dich. 0.30 2£0.01 0.43 + 0.04 7.30 * 0,10
=27 " 0.22 #0.01 0.42 *0.04 4.50 * 0,10
<233 " 0.28 £0.01 0.38 # 0.05 5.60 * 0.20
~274 " 0.32 #0.01 0.82 *0.04 8.00 * 0.10
-17 " 0.35 +0.01 0.33 £ 0.07 2.50 * 0.20
~1794 " 0.44 *0.02 0.46 *0.06 3.60 * 0.20
-273 " 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 u 0.30 *0.03 0.07 +0.14 9.00 * 0.40
-27L " 0.26 *0.03 0.68 %0.13 10.40 * 0.40
-1 " 0.31 #0.04 =0.05 *0.17 8.60 * 0.50
-27TM " 0.26 *0.03 1.52 *0.13 9.70 * 0.40
-1 " 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
-94cC " 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
-1020  co bl.  0.22 *0.04 0.5% *0.15 2.20 *0.40
t 0.30

=-8A dich. 0.33 +0.02 =0.04 *+0.09 8.80
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Table 17a. continued

Sample Color Fe (%) b Cs

~27"0%  hl-gr. 1.35 # 0.02 0.95 *0.08 8.50 t 0.30
-27V ! 1.39 + 0.0%3 1.09 *0.09 8.10 * 0.30
-274 " 1.4% # 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 *0.06 8.40 = 0.20
~304 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
~944 " 0.24 + 0,04 0.43 t0.21 8.40 * 0.30
-27A " 0.12 £0.04 0.76 * 0.22 10.10 * 0.40
-27B " 1.00 + 0.06 1.19 *0.30 10.80 % 0.50
~1035 " 0.57 + 0.03 2,75 *0.13 14.50 * 0.50
-8B " 0.2% £ 0.01 0.42 *0.06 4.00 * 0.20
-8C " 0.20 *+ 0.02 0.50 *0.07 2.70 *0.30
-3D " 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
-27U black 5.09 £ 0.08 1.65 *0.14 6.40 * (.30
-89 " 4.94 + 0.05 2.08 #0,11 5.00 *0.40
-27D " 4.71 £ 0.0% 1.58 £ 0.12 6.80 *0.40
=-27¢C ! 4.85 * 0.08 1.25 *0.14 7.30 *0.40
=277 preen 2.46 +* 0.04 0.72 *0.07 10.30 *0.30
Mean and RMSD  0.34 * 0.14T 0.95 % 1.13  7.02 : 3.46

©1.43 *+ 0.83%
4.41 ¢ 1.100
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Table 174. continued

Sample Color Ta Th

-30¢ co bl. 0.46 * 0.00 0.67 * 0.04
~271 " 0.84 £ 0.01 0.60 *0.05
-207 " 0.58 + 0.01 8,90 * 1,11
-30D " 0.72 * 0.01 0.42 * 0.09
-27K " 0.57 £ 0.01 0.44 * 0.06
-27E " 0.54 % 0.01 0.66 *0.11
-276G " 0.83 % 0.01 0.46 * 0.11
-27B " 0.31 % 0.01 0.48 * 2,05
~-27F " 0.23* 0.01 1.30 ¢ 0.10
-27H " 0.30 £ 0.01 0.84 * 0.17
~1442 " 0.33 % 0.01 1.02 *0.14
-3 " 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
-2331 " 0.70 £ 0.00 1.13 + 0,61
-271 " 0.6 * 0.00 0.71 = 0.56
-17 " 0.19 ¢ 0.00 0.31 *0.91
-179A " 0.44 £ 0.00 1.34 £ 1.45
-27J " 0.54 ¢ 0,01 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 " 0.40 £ 0.01 3.10 *0.15
-27TM " 0.22 * 0.01 0.80 + Q.10
-1 " 0.43 * 0.01 1.33% +£0.10
-94B " 0.22 % 0.01 0.39 £0.14
-94C " ¢.99 * 0,01 0.67 *0.15
-183 " 1.10 £ 0.01 4.30 *0.,22
-27TN " 0.67 * 0.00 1.19 *0.04
-1030 co bl. 0.19 * 0.01 0.71 £0.13

*

-84 dich. 0.72 £ 0.01 <~G.06 *0.08




~285~

Table 17a. concluded

Sample Color Ta Th

-27"0" bl-gr. 0.95 0.01 1.3% + 0.06
~27V " 0.95 +0.01 1.19 £ 0.07
-27Q " 0.94 *0.01 1.22 * 0.06
-27R " 1.00 * 0.01 1.19 * 0.07
~363 " 0.24 *0.00 0.90 * 0.03
-30B " 1.61 % 0.01 1.10 * 0.05
-100 " 0.45 * 0.00 0.64 * 0.04
~30A co bl. 0.40 % 0.00 0.26 t 0,06
~-1386 " 1.16 * 0.01 0.94 t 0.06
~944 " 0.57 *0.01 2.39 * 0.22
~27A " 0.39 ¢ 0.01 4.39 +0.2%
-27B " 0.97 *0.01 5.73 * 0.34
-1035 " 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 *0.01 2,36 *0.18
-337 " 6.36 *0.03 10.80 *0.62
-65 bl-gr. 1.14 *0.00 6.80 * 0.05
-D7P co bl, 0.13 #*0,01 5.23 +0.12
~82 " 2.99 %0.01 2.55 £0.16
=270 black 2.04 *0.01 2.02 *0.10
-89 " 1.85 *0.01 2.81 *0.09
-27D " 1.86 *0.01 1.77 *0.09
=27¢ " 1.80 *0.01 1.17 #0.11
=277 green 2.38 *0.01 1.6% *0.05

Mean and RMSD 0.88 *0.95 1.82 * 2.15
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Table 17b.  Becad from Igbo Ukwu: Neutron Activation
Ana]ysisa’1

Sample Description Color A1 (%)

IGB-N3C bead, reheated cane cobalt blue 6.56 * 0.22

ca (#) Mn Na (%) K (%)
10.43 £ 1.41 7,928 + 141 2.28 % 0.07 3.43 : 1.86

U La Co Sc

1.58 *0.05 1B.64 *0.99 1,104.80 * 9.47 2.99 * 0.10

Fe (%) 1o Cs - Ta

0.66 t 0.06 0.94 *0.21 12.80 t 0.80 1.64 = 0.01
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Notes to Table 17

M1 data are given in parts per million unless otherwise icdicated.
Negative numbers are an avtifact of the calculations, meaning that the
element is so low in concentration as to be undetectsble. Within sample
categories, the samples ere arranged approximately in order of increas-
ing cobalt. Stripes and triemings were, of course, anelyzed szparately
or not at all.

Imprecisely-determined elements ere excluded from this Table. Those
for which a mean concentration could be determined are (with mean and
root mean square deviatiom): V, 45 * 91 ppm; Dy, 5 * 3 ppm; Eu, 0.8

+ 1.1 ppm; Sr, 576 * 45T ppm; Ga, 228 * 17h ppm; Im, C.12 * 0.13 pum;
N4, 12.8 + 17.8 ppm; Sn, 130 * 84 ppm; Ba, 268 * 254 ppm; Ni, 110

t 65 pym; Th, 0.29 * 0.4k ppm; Hf, 1.18 £ 0.71 ppm. Precisely~deter-
mired lenthapides averaged: Sm, 2.60 * 3.78 ppm; Ce, 26.6 * 17.7 ppm.
For the remaining elements, the following upper limits of concentratioa
were obtained, given with an estimated representative counting error:
Mg, 3.6 * 2.0%; Cu, when not used as an additive, 280 * 150 ppm; C1,
C.2 + 0.1%; In, 30 * 12 ppm; As, 90 * 65 ppm; Ti, 0.20 i 0.09 ppm; Au,
0.3 + 0.3 ppm; Mo, 10 * 1. ppm; W, 2 = 1 ppm; Ho, 5.0 £ 0.3 ppm; Ag,

6 * 2 ppm; Sb, 20 = 1 ppm; Ir, 0.02 * 0.01 ppm; Cr, 95 * 2 ppm; Hg,
assuming none is lost in the reactor, 0.7 * 0.8 ppm; Rb, 60C * 50 ppm;
Za, 300 * 50 ppm. Pb was determined by X-ray fluorescence on the fol-
lowing severteen samples of Group I: ITA-27B, ITA-920, ITA-2TA, ITA-855,
ITA-14311, ITA-1386, ITA-1035, ITA-89, KOU-1, GAO-1, OLD-2T7, ILE-Z33e,
0L0O~-1B, ORU-183, ORU-1T, ORU—'207, ORU-179a. TIn all cases the result

was below the approximate limit of detection of 0.05%.
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This crucible lining also has green regions.

Not determined.

Root mean square deviation (see Chapter 3).

For all samples except the four "casual" and five black and green
samples.

For the four "casual" samples, ITA~27"0", ITA-27V, ITA-27Q, ITA-2TR.
For the Tive black and green samples, ITA-89, ITA-27D, ITA-27C, ITA-27T,
ITA-27U.

The upper limits given in note b are all sppropriate 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; Bu, 0.5 * 0.1 ppm; Ba, 318 + 143
ppu; Ni, 138 + 58 ppm; Tb, 0.28 + 0.08 ppm; Hf, 1.83 4 0.68 ppm. Each
of these is similar to the concentretions displayed by Ife Group I.

The b content of IGB~N3C was estimated by X-ray fluorescence analysis

to be < 0.1%.
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Table 18. "Corded Bead" and "Dichroic Bead" Trial Subgroups:
Means and Standard Deviations of the

Means of the Elemental Concentrations

Element Corded Dichroic
n 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+ 0.2 1.52 £ 0.05

5.22 *+  0.35 6.62 + 0.17
u 1.7 £+ 0.17 1.73+ 0.3k
la 10.54 = 2.4 1L.k6 +  6.93
Co 518.13 + 91.51 386.32 * 62.03
Sc 1.17 £ 0.12 1.k9 £ 0.15
Fe 0.32 * 0.03 0.3+ 0.02
Yb 0.87 £ 0.19 0.65 + Q.17
Cs 6.69 + 1.08 6.89 + 0.63
Ta 0.53 + 0.06 0.18 + 0.06

i+
+

Th 1.47 0.77 1.35 0.31
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Teble 19. Ratio of Manganese to Cobalt in Group I

Ratio

Sample Ratio Sample
ITA-30C 10.2 ITA-9LC
ITA-271 7.9 ORU-183
ORU-207 6.4 ITA-27"0"
ITA-30D 8.2 ITA-2TV
ITA-2TK 10.L ITA-27Q
ITA-2TE 7.1 ITA=-27R
ITA-2TG 7.3 ITA~30B
ITA-2TB 7.3 ITA-100
ITA-27TF 6.2 ITA-863
ITA-2TH 6.9 {ITA-65
ITA-1bk2 6.2 ITA-30A
ORU-33 6.5 ITA-1386
ITA-2TN 11.L ITA-9LA
1TA-1030 7.5 ITA-2TA
OLO-8A 6.2 ITA-2TB
ITA-920 11.9 ITA-1035
ORU-2T7 12.9 OLO-8B
IIP-2334 18.2 0L0-8C
ITA-2TA 13.6 010-8D
OLD-17 7.5 0L0-3
ORU-1T9A 7.2 0LO-1B
ITA-27J 7.2 0LO-337
ITA-855 11.5 I1A=-27P
ITA-1511 9.1 ORU-B2
KOU-1 8.6 ITA-89
ITA-2TL 7.0 ITA-2TD
GAO-1 7.5 ITA-2TC
ITA-2TM 7.2 ITA-27T
0SS-1 6.7 ITA-2TU
ITA-9L4B 7.5 (1GB-N3C
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®Not included in mean, 9.3 * 3.8.
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Table 20. Ife (lass II: Neutron Activation .Analysisa’hI

Sample Description Color

ITA-22B bead, biconical opaque yellow

TTA-21A " , short cylinder opague grayish yellow

ITA-218 " , long cylinder opaque greenish yellow

ITA-914 " , short cylinder transparent blue-green

ITA-1421 crucible lining " "

ITA-885 " " " "

ITA-1077 " " " "

ITA-20 bead, reheated cane opague blue, with four stripes
of opaque white framed by
Indian red

ITA-19A trim, composite bead Indian red

ITA-19B core, " " transparent dark green

ITA-19C trim, " " opague yellow

ORU-5T4 bead, cane, subdiscoid translucent blue-green

ORU-206B " " " opague to translucent blue-
green

ORU-2064 " wound, " translucent blue-green

ORU-1T9C " fragment blue-green

ORU--179B " " translucent blue-green
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Tuble 20. continued

Cample  Color A (%) c1 (%) Mn

-22B yellow 1.10 * 0.09 0.99 #* 0.18 6,939 * 166
-Z1A 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
~1h21 " 3.58 + 0.17 0.53 z 0.05 620 + 1b
-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
~194 IR 3.56 + 0.13 0.75 + 0.10 1,103 + 21
-198 green k. 4k £ 0,59 0.53 + 0.10 1,272 + 29
-19C yellow 2.82 + 0.18 0.96 + 0.23 4,924 + 10b4
~STA bl-gr. 2,41 * 0.26 1.46 £ 0.1k 396 = 26
-206B " 3.26 + 0.2 0.5h + 0.15 1,355 + 28
~206A " 2.30 + 0.26 1.36 + 0.09 496 + 20
-179C " 3.79 + 0.29 1.27 + 0.27 925 + 39

I+

-179B " 1.55 + 0.06 1.33 £ 0.15 357 31
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Table 20. continued

Sample Color Na (%) Cu u

-22B yellow 10.65 + 0.17 < 200 0.81 % 0.04
-214 gy-yel. 10.79 + 0.16 11,678 + 272 1.28 + 0.16
~-21B gr-yel. 11.86 + 0.17 4,074 + 202 -0.29 * 0.22
-914 bl-gr. 7.37 ¢+ 0.11 11,361 + 214 0.39 * 0.13
-1h21 " 5.64 + 0.05 6,418 + 92 0.63 £ 0.02
-885 " 6.10 *+ 0.05 7,894 + 96 0.54 % 0.02
-.077 " 5.80 + 0.06 4,486 + 93 1.05 £ 0.05
BEN) blue 7.93 + 0.09 7,34k + 127 1.82 + p.ok
-19A IR 9.0k + 0.10 10,063 + 152 1.2k + 0.03
-19B green 8.03 + 0.08 9,389 + 160 0.83 £ 0.10
-19C yellow 11.22 £ 0.11 1,214 + 157 k.21 £ 0.13
=574 bl-gr. 1L.07 £ 0.12 13,849 + 167 1.20 * 0.06
-20L. v 10.82 + 0.1k 10,277 + 191 1.15 * 0.04
-206A " 13.42 + 0.11 12,948 + 156 0.75 * 0.03
-179¢ " 9.20 + 0.16 9,014 + 281 0.50 * 0.22
-1798 " 13.64 + 0.21 11,991 + 26k 0.91 * 0.17
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Table 20. continued

Sample Color La Co Ag
-22B yellow 6.93 0.8 6.12 + 0,18 2.6 +0.5
~21A gy-yel. 8.30 * 0.38 4,96 + 0.12 b.7 +0.3
-21B gr-yel. 7.97 * 0.11 5.04 % 0.16 1.7 0.3
91k bl-gr. 10.40 + 0.3k 7.21 + Q.12 L.g +0.3
-1421 " 11.66 + 0.47 56.03 * 0.56 1.8 + 0.5
-88s5 " 10.26 *+ 0.47 15.18 * 0.21 3.0 + 0.3
1077 " 7.36 + 1.1h 21.39 + 0.ko0 2.0 + 0.8
=20 blue 8.43 + 0.79 11.19 + 0.22 3.0 £+ 0.5
-19A IR 13.40 + 0. 74 99.66 + 1.01 5.1 % 0.7
-19B green 5.98 +1.92 5.18 + 0.54 Lo +1.3
-19C yellow 11.67 + 2.29 13.61 % 0.61 10.0 + 1.7
-5TA bl-gr. 14,47 + 1,78 11.44 + 0.3% 9.1 + 0.8
-206B " 11.78 £ 0.87 57.86 + 0.61 L.8 + 0.6
~206A " 11.75 + 0.81 5.47 % 0.21 6.2 + 0.5
-179¢C " 15.33 + 0.6k T76.63 & 0.60 4.8 + 0.7
-179B " 11.31 + 0.48 7.38 + 0.13 7.6 + 0.4
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Table 20. continued

Sample Color Sc Fe (%) Yo

-22B yellow 1.66 £ 0.02 0.61 *0.02 0.54 +0.08
-21A &y-yel. 1.96 £ 0.01 0.57 +0.01 1.16 *0.05
-21B gr-yel. 1.7 +0.01 0.64 *0.02 1.45 +0.07
-91% bl-gr. 1.75 £0.01 0.51 * 0.01 1.01 *0.05
~1421 " 2.00 * 0.02 0.7T1 % 0.02 0.8% + 0.06
-88s " 1.57 +0.01 0.4 +0.01 0.78 *0.05
-1077 " 2.02 *+0.03 1.08 *0.03 0.97 *0.10
-5 blue 2.27 +0.02 0.7Th £ 0.02 1.20 % 0.10
-19A IR 3.62 + 0.03 1.73 £ 0.03 1.07 £ 0.09
-19B green 3.77 £ 0.05 1.09 * 0.06 1.75 * 0.23
-19C yellow 3.67 + 0.07 0.97 * 0.05 1.06 * 0.2h
-57A bl-gr. 3.87 + 0.03 1.09 * 0.0k 1.81 * 0.13
-206B " 4,11 £ 0.02 1.31 * 0.02 0.99 £ 0.05
-206A " 3.k + 0.02 0.87 * 0.02 1.19 * 0.09
-179¢C " 3.85 : 0.03 1.35 + 0.02 1.23  0.08

-179B " 3.32 + 0.02 0.93 # 0.01 1.05 + 0.05
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Table 20. continued

Sample Color Ta ... ..... ..5b.. Sn
-22B yellow 0.19 + 0.01 13.0 + 0.6 10,869 * 22
-21A gy-yel. 0.45 *+ 0.00 4o.8 + 1.1 5,597 + 15
-21B gr=yel. 0.36 £ 0.00 112.0 * 3.5 6,779 = 1k
~qQll bl-gr. 1.47 £ 0.01 28.2 + 0.9 b
~1h21 " 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 hit1 + 8
-19B green 1.61 * 0.01 146.4 £ 7.2 9,908 + 33
-1¢2 yellow 0.68 * 0.02 23.6 + 1.5 8,083 + 34
~57A bl-gr. 0.39 * 0.01 6T.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
-179B " 0.30 £ 0.00 21.7 + 0.6 b
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Table 20. concluded

Sample Color Th )ivg Zn
-228 yellow 2,62 + 0.05 2.43 + 0.15 b1+ &
-21A gy-yel. 2.31 £ 0.03 9.77 ¢+ 0.18 788 + S
-21B gr=yel. 1.97 + 0.04 3.32 £ 0.12 1o + b
-91L bl-gr. 2.61 £ 0.03 3.26 £ 0.10 133+ 3
-ik21 " 2.57 + 0.05 2.38 + 0.14 69+ 5
-88s " 2.26 + 0.0h 2.51 ¢ 0.12 6L+ 3
-l3TT " 1.83 + 0.07 1.72 + 0.22 216+ 8
-20 blue 2.7h * 0.06 2.10 *+ 0,17 277+ 6
-19A IR 3.35 ¢ 0.07 2.97 + 0.20 320+ 8
-198 green 7.0k & 0.17 2.48 + 0.h1 68 + 13
-19C yellow 16.37 + 0.22 4,56 = 0.45 hog + 18
-5TA bl-gr. 4,03 + 0.10 3.19 * 0.26 103+ 8
-206B " 3.66 + 0.05 h,22 £ 0.17 652+ 8
-206A " 3.12 ¢ 0.07 2.62 £ 0.18 311+ &
-179¢C " 3.50 * 0.06 3.3% + 0.18 3Uus+ 8
~179B " 2.93 + 0.03 2.87 £ 0.10 100+ 3
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Notes to Teble 20
a. All data are given in parts per million unless otherwise indicated.
Stripes and trimming ave, of course, analyzed separately or not at all.
b. For the following elements, the upper limits of concentration, with a
representative counting error, are: Mg, 3 * 2%; Ca, 7.7 + 1.T%; V,
75 * 50 ppm; Dy, 30 * 5 ppm; K, 6 + 2%; Sr, 0.2 * 0.3%; Ga, 275 * 120
ppm; In, 11 % 7 ppm; As, 400 * 70 ppm; Sw, 2.29 * 0.05 ppm; Ti, 0.35
* 0.10 ppm; Lu, 0.1T * 0.04 ppm; Au, 0.34 % 0.01 ppm; Nd, 18 + 4 ppm;
Mo, 10 * 2 ppm; W, 12 * 2 ppm; Ho, 1.6 * 0.3 ppm; Ce, 3C * 1 pmm; Cs,
11.0 % 0.3 ppm; Ir, 0.019 * 0.003 ppm; Cr, 55 * 3 ppm; Hg, assuming
none is lost in the reactor, 0.5 * 0.3 ppm; Eu, 0.6 * 0.2 ppm; Ba,
150 * 100 ppm; Ni, 60 * 20 ppm; Rb, 620 + 30 ppm; Tb, 0.33 * 0.05 ppa.
Pb was determined by X-ray fluorescence analysis as follows: -22B,
8 + 2%; -21A, 3.6 * 0.6%; -21B, T * 2%; =91k, 0.12 % 0.05%; -1han,
~ 0.04%; -885, v 0.05%; -1077, ™ 0.06%; ~-20, ™~ 0.05%; ITA-19 as a
whole, 2.3 * 0.4%, probebly mostly from the yeilow trim; ~5TA, < 0.05%;
-206B, 0.08 t 0.04%; -2004, 0.12 * o.osxi -179C, 0.0 % 0.1%; -1798,
~ 0.0L4%.

¢. Crucible lining also hed streaks of Indian red.
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Teble 21. Ife Study, Class III (Miscellaneous):

Neutron Activaton Analysis

a,b

Sample Site Description

IFE-~-291 Ife sherd

GLO-1 Glozel cullet

GLO-3 " "

GLO-2 " "

WUN-10A  Wunmonij)e Head Nc. 10 bead, cane, short cylinder
JLO-~-2 Olokun Grove fragment, corded

0LO-8E " " sherd

ILE~235 Ilesha bead, short cylinder

OLD-117 014 Oyo bead, cane, long cylinder

Sample Color AL (%)
-291 dichroic 2.06 * 0.10
-1 " L.57 + 0.12
-3 ", opal k.37 + 0.16
-2 transparent green 2.06 + 0.09
~10A very dark (transparent) cobalt blue 5.60 + 0.37
-2 trensparent cobalt blue 0.55 + 0.26
~8E bright, transparent cobalt blue 0.27 % 0.07
=235 transparent green (? "Annagrin") 0.37 + 0.0k
-117 opagque pale cobalt blue 0.88 + 0.05




=300~

Table 21. continued

Sample Color Ca (%} Mn
-291 dichroic 12.61 + 0.89 L b3h + 340
-1 " 7.24 + 0.80 5,897 £ 92
-3 " 8.85 * 0.92 5,953 + 89
-2 green 9.0k * 0.92 6.202 + 104
-10A co bl. 0.h9 ¢ 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 27 + 15
~117 co bl. 6.81 * 0.7T1 3,282 £ 9L
Semple  Color Ne (%) K (%)
-291 dichroic k.90 + 0.70 1.20 + 1.09
-1 " 1.07 + 0.04 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. k.sh + 0.06 b.22 + 1.36
-2 " 12.56 + 0.11 0.84 + 0.75
-88 " 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

Sar .e Color Cu U

-291 dichroic b 1.27 + 0.03
-1 " b T.59 * 0.06
-3 " b 6.20 *+ 0.05
-2 green b 2.41 + 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. *s3.
=117 co bl. b n.d.
Sample Color La Co

201 dichroic 16.b2 + 0.76 5.70 + 0.15
-1 " Lo.uT £ 0.82 4,32 + 0.10
-3 " 7.3 + 0.81 T.98 + 0.15
-2 gre k2,35 + 0.85 k.96 * D.12
-10A co bl. 21.00 + 1.66 1,533.70 £12.97
-2 " h.62 + 3.22 283.09 * 2.b9
-8E " 3.32 £ 1.60 891.99 * 6.53
-235 green n.d. 1.19 * 0.27

W

~117 co bl. n.d. 419.83 + 8.52
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Table 21. continued

Sample Color Sc Fe (%) Yo
-291 dichroic 2.49 + 0.02 0.75 * 0.02 1.31 + 0.08
-1 " h.ok £ 0.02 0.85 ¢ 0.02 2.93 t 0.09
-3 " k.32 + 0.02 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 0.7Th + 0.09 0.26 £ 0.3k4
-2 " 0.49 * 0.0k 0.25 * 0.05 2.90 + 0.21
~gx " 0.37 + 0.08 0.10 + 0.05 0.63 ¢ 0.18
-235 green 0.30 + 0.01 0.07 + 0.02 n.d.
-117 co bl. 1.55 ¢+ 0.31 1.42 * 0.61 n.d.
Sample Color Ta Sb Sn

-291 dichroic 0.35 + 0.J0 12.8 * 0.7 86+ 7
-1 " 1.69 ¢+ 0.01 1.k + 0.1 202t 5
-3 " 1.47 + 0.01 1.1 + 0.1 185+ s
-2 green 0.79 + 0.01 0.4 % 0.1 156 £+ 5
-10A co bl. 0.57 £ 0.02 7.9 * 0.6 63 + W1
-2 " 0.27 + 0.01 6h2.2 129.3 ks + 16
-8E " 0.13 + 0.01 85.3 % 3.3 76 = 1k
-235 green .05 + 0.01 2.8 + 0.2 33+ 37
~117 co bl. 0.67 = 0.1% %4,560.7 #+141.9 52 + 222
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Table 21. concluded

Sample Color Th - Ba Hr

-291 dichroic 3.97 *+ 0.06 k57 + 64 2.43 + 0.16
-1 " 21.48 £ 0,11 1,265 + 57 k.09 % 0.17
-3 " 18.52 ¢ 0.10 1,438 + 64 4.31 + 0.18
-2 green T.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 + 114 1.03 * 0.59
-235 green n.d. n.d. 51.45 £ 0.94

i+

=117 co bl. 2.91 + 2.71 1,202 + 808 10.17 + k.17




&a.

b.
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Notes to Table 21

All data are given in parts per million unless otherwise indicated.
Most imprecisely-determined elements are omitted from this Table. For
th2 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,

14 + 2 ppm; Cu, vwhere 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, 51 * 46 ppm except for ILE-235, which gave the result 646 * 6
ppm; Hg, assuming none is lost in the reactor, G * O ppm; Eu, 4 + 4
ppm; Rb, 900 + 80 pom; 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
0LO-2, 2424.2 ppm, OLO-8E, 471.9 * 11.6 ppm, OLD-11T7, which gave the
result 0.12 * 0.05% by X-ray fluorescence; and ILE-235, which gave the
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
Introduction

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 Igho 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 eppearance of the beads.

It will be appreciated that with some 150,000 glass beads falling
into only seventeen Types, lurge numbers of beads of the different Types
were present. In our study one, or a few, ¢f each Type were analyzed.
Results

Tables 22 and 23 present the results of neutron activation analysis
of beads from Igbo Ukwu.

Discussion

The beads from Igbo Ukwu can be divided into four mutually exclu-
sive Classes on the basis of their ingredients, particulzurly the sodium and
aluminum. The majority of beads falls int»o Class 1 (Table 22). Beads in
Class I are generally characterized by a relastively high sodium and low
aluminum. They show reletively low tantalum, low scandium, low cesium, and
a frequent use of manganese.

Beads in Class II are generally characterized by a relatively medium
sodium and high sluminum. They show a relatively elevated scandium and a

sparing use of manganese, or no use.
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Class III consists of three beads which did not fit inmto Classes
I or II {or IV). These beads show a relatively high aluminum and high
sodium. C(lass IIT 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 e high calcium and low z2inc, antimony,
and tin, metals which are not correlated with one another in any of the
Classes.

In all the four Classes the councentration of rare carths is simjlar.

There is no consistent mangenesef/cobalt ratio in the Classes, even
if only cobalt blue examples are considered. Nor is there any consistent
ratio of cobalt to arsenic or to nickel. We cannot Judge the guestion 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 considersble 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 Isaish and Igbo Richard. Each of the four Classes contains beed
Types that are common to both Igbo Richard and Igbo Isaiah (Types L, M, N,
and P, see Shaw 1970:225). Bead Types peculiar to Igbo Isaiah occur only
in Cless 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 wve snalyzZed 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 fell into Classes I and III.

Links with Other Sites

There are some parallels between glasses of Igbo Ukwu end glasses
of Ife. The glass of Igbo Ukwu Cless IV resembles Ife Group I, and the
sode-lime samples from Ife (Ife Class II) can be arranged sc as to parallel
the three soda-lime Clesses 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 twelve elements prerisely determined for Ife
Group I, only IGB-V1 displays elementel concentrations falling within one
standard deviation of the mcans for Ife Group I for at least two-thirds of
the elements. Each of the other two beads presents matching concentrations
in less than two-thirds of the cases. Visually, IGB~V1 looks like IGB-V2
and IGB-V3 rather than like any member of Ife Group I, and we think it suit-
able that the seme 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 may be consliered to match Ife Group I, and, for the present, Type V
is considered not to match.

With respect to Type S, if the three additives manganese, cobalt,
and iron are removed from consideration, 1e§v4ng eleven elements prerisely

determined for Ife Group I, then IGB~S3 matches while IGB-S2 does not. The
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Igbo Ukwu

Ife

Ife Class II

.
E: ZGB-N3C (bead) -—~———-~matches
%a 1GB~V1 Ife Group I
IGB-V2
S @ IGB-V3 (beads }——-~—resemble (bead§, CUI%eFa
3 168-52 crucible linings)
IGB-S3
37 members, \
including
Types G,
HL, 42,
Sl ITA-1a
5 > s’ )}  (beeds)-———-- resemble / ITA-21b (beads)
wtll, L2,
o ITA-22
& o413, L4
P, M2,
M3, ML
N1, N2
N3, P2, y,
. ITA-91L (vead)
11 members, ITA-1421 :
o ineluding I2A-885 (cx.'m':lble
e”s,':' Types M5, ITA-107T 1linings)
'; @ Pl, Q, {beads )===mm-: resemble TTA-20
S oa R, T3v ITA-19e
Hato, ve, m-lgb (beads)
U3, X ITA-19¢
] ORU~
EH | 108-u5a ORU- 206
S IGB-M5b (beads )—-——— resemble ORU-206b } (beads)
8 @& |1eB-z2 ORU-179b
—Ho ORU-179¢
Figure 20. ILlkenesses between glass of Igbo Ukwu and Ife.

XBL 728-1600
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evidence again conflicts es to whether a Type matches Ife Group I, and
for the present Type S is considered not to match.

Anglogous reasoning was not used for Type N on the basis of several
considerstions. The difference between IGB-N3C and other Type N heads is
quite marked, whereas *he differences among Types S and V are not, and
thus it seems reasonable to split Type N whereas it does not seem reasomable
to split Types S and V. Furthermore IGB-N3C shows the same additives and
ratio of additives as does Ife Group I, making the resemblance easier to
recognize.

Turning to the sode-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 & Class of miscellany). On the basis of their
eluminum and sodium content the soda-lime glasses of Ife can be arranged
so as to parallel the Classes of Igto Ukwv (see Figure 20). Srecimens from
Ita Yemoo which parsllel Class I, low aluminum and high sodium, are ITA-22B,
ITA-21B, and ITA-21A. Those which parallel Cless II (high aluminum and med-
ium sodium) ere ITA-91k, ITA-1421, ITA-885, ITA~1077, ITA-20, ITA-19A,
ITA-19B, and perhaps ITA-19C (since ITA-19A, ITA-19B, and ITA-19C are all
from the same bead). Those which parallel Class III are ORU-57A, ORU-206B,
ORU-206A, ORU-179C, and ORU-1T9B.

According to our usual critericn of matching (egreement within one
standard deviation for two-thirds or more of the precisely-determined ele-
ments, omitting glassmekers' additives where appropriate), many soda-lime
samples of Ita Yemoo can be considered to match the Classes of Igho Ukwu.
ITA-22B matches Igbo Ukwu Class I, while ITA-yll, ITA-1421, ITA-885, ITA-
1077, ITA-20, and ITA~19A match Igbo Ukwu Class II. Igbo Ukwu Closs IIT is

too scant to bear discussion in this context.
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Some of the beads of Igbo Ukwu might be desc ibed as "casusl", in
the sense that we have used this term for beads of Ife. Thesz are the
Types G, H, and J, all 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 whether these beads may have any
relationship to the glass-working industry of Ife. Present evidence does
not support any such link. All analyzed samples of G, H, and J fell into
Igbo Ukwu Class I, and no crucible lining or p.ece of cullet from Ife
matched or paralleled Igbo Ukwu Class I. The three ssmples from Ife which
paralleled this Class were all beads.

On the other hend, one head, three crucible linings, a casual bead,
and vn apparent European import bead ¢f approximately the seventeenth cen-
tury (ITA-20), all from Ife, matched Igbto Ukwu Class II (see Figure 20).
There 1s thus more evidence of some commonality between glass of Ife and
Igho Ukwu Class II than there iy between glass of Ife and Igbo Ukwu Class
I #ith its casual Types G, H, and J.

A wexr T of caution must be inserted at this point. We do not main-
tain that there is & 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 individusl samples against ge—erel classi-
ficatory (texomomic) groupings are not alweys meaningful ~*rce, in principle,
if a classification is general enough then anything will match it. Matehing
beccmes more significant in measure as the classification against which

individual samples are compared becomes more specific and distinctive.
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Origin and Dating
IGB-N3C probably match s Ife Group I, and therefore most likely

shares a common origin, perhaps in medieval Europe (see Chapter 8). The
fact that a number of soda-lime semples from Ife metch 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 & specific
origin of these soda-lime glasses from their ingredients. A reasonable
general origin for them would be either the Near East or Europe after the
fourth to fifth centuries A.D.

The radiocarbon date from Igbo Richard indicates that the beads were
buried sometime after approximately the ninth century A.D. Wood from a
stool in Igbo Richard gave the date 850 * 120 A.D. (I-2008, Shaw 1968).
Similar dates came from Igbo Jomah (a locality of Igbo Ukwu having no
significant glass bead content): 875 + 130 A.D. (HV-151L), 840 + 110 A.D.
(HV-1515), and 840 + 145 A.D. (I-1784) (Shaw 1968, 1970).

On the other hand, two approximately fifteenth-century dates are
associated with Igbo Ukwu. One radiocarbon date from Igbo Juuch gave the
result 1450 * 70 (HY-1516, Shaw 1968), and a date from charcoal associated
vith artifacts stylistically similar to those . f 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
the soda-lime glasses mey be considered 1likely to have been made in the Near
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 glasses 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 Igho
Uxwu to specific regions of manufacture. In particular, there is a need
for research into factory sites, an issue which we touch upon in our last

chapter.
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Igbo Ukwu Class I:

Neutron Activetion Analysis®

Sample Mn Na (%)

IGB-L2A 8,522 + 138 11.13 * 0.14
IGB-L1A 8,261 * 213 12.43 % 0.20
16B-L3C 8,080 = 81 10.23 * 0.11
1GB-L4B 7,900 * 110 11.02 % 0.12
IGB-L2B 5,589 * 83 10.68 + 0.12
IGB-L3B 9,399 * 124 10.05 * 0.11
IGB-11B 11,423 + 238 12.03 * 0.19
IGB-L3A 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
1GB-J2B 7,823 + 116 10.36 * 0.15
IGB-J2C 4,523 + 69 11.38 * C.15
TGB-K1B 5,139 * 116 10.62 * 0.19
IGB-K1A 4,087 £ 93 10.94% + 0.20
1GB-K2A 3,354 + Lo 10.95 * 0.11
IGB-K2B 3,344 = 4O 10.97 + 0.11
IGB-P2 3,336 £ 53 11.<k + 0.15
IGB-J3 288 + 26 11.44 * 0.12
IGB-MLA 303 + 10 10.59 * 0.1k
IGB-M3A 314 £+ 18 10.41 £ 0.09
IGB-M4B 258 + 10 8.96 + 0.12
1GB-M3B 2,664 £ kb 9.77 + 0.09
IGB-M2B 8,510 * 183 il1.83 t 0.20
IGB~M2A 8,234 £ 177 11.89 * 0.20
IGB-ML 8,779 + 106 11.49 + 0.1k
IGB-H2 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 * 1h3 10.30 * 0.18
IGB-G 11,440 £ 215 11.45 * 0.20
IGB-N2A 11,330 * 230 11.41 * 0.18
IGB-N1A 8,831 + 214 11.63 + 0.18
IGB-F3B 8,380 + 199 10.97 £ 0.2k
IGB-NiB 6,541 * 119 11.28 £ 0.1h4
IGB-N2B 10,602 £ 129 10.43 = G.1h
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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Yable 22a. continued

Sample Color Cu u Be

~L2A yellow n 0.64 £ 0.05 252 19
-L1A " b 3.8 0.05 173+ 18
-L3C " b 1.26* 0.11 278 * 37
-LkB " b n.78% 0.08 241 * 36
-L2B " b 0.88 + 0.07 203 * 35
-L3B " b 0.9t 0.08 226 = 39
-L1B " b 2.17+* 0.05 203 £ 20
-L3A " b 0.90* 0.07 2k5% 30
-Lac " b 1.45% 0.07 167 £ 33
~J2A i b 0.63% 0.06 195 29
-J2B " b 0.65% 0.09 209 * L2
-I7C " b 1.02+ 0.07 36hx 31
-K1B green 2,998 + 255 0.61L* 0.0k 194 £ 20
—KiA " 4,925 + 276 0.60* 0.04 152 + 22
K24 " 5,096 *+ 159 0.60% 0.04 155t 19
-K2B * 3,814 + 154 0.56 % 0.0k 138+ 20
-p2 " 8,354 + 185 0.7+ 0.07 223 34
-J3 blue-green 7,362 = 145 0.6T* 0.06 B9+ 23
-MLA " 18,821 + 193 0.6+ 0.05 122 ¢t 20
-M3A " 10,673 + 121 0.75% 0.0k 110 21
-MLiB " 8,151 * 150 0.20% 0.0k 125 18
~M3B ccbalt blue 6,943 *+ 100 0.79% 0.0k 138 18
-M2B " b 0.51% 0.0k 205 22
—M2A " b 0.65% 0.0k 241 * 23
=M blue b 0.78% 0.04 231t 23
-H2 cobalt blue b 0.6T* 0.06 285 % 31
~H1B " b 0.83+ 0.08 246 Lo
-H1A " b 0.61% 0.06 228+ 29
-H1C " b 0.69% 0.05 242t 26
-G " b 0.84% 0.06 327+ 30
-N2A " b 0.75% 0.0k 270t 21
~N1A " b 0.7 0.0k 221 £ 17
-{3B " b 0.73% 0.09 239t L3
-H1B " 2,026 £ 122 0.63% 0.05 21k ¢ 19
-N2B " 1,360 + 249 1.34% Q.07 258 37
~N3D " ° 0.79% 0.07 35ht 36
-N3E b 1.16* 0.10 363* 50
Mean and RMSD 71,799 * h,Bcrrd 0.90 £ 0.54 219 * 57
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Table 22a. ccntinued

Sample Color La Co

~L2A yellow 6.4 +0.92 5.79 +0.16
~L1A " 7.36 *£0.90 5.28 *0.19
~L3C " T.35 £1.78 ik.05 *0.h6
-L4B " 11.37 *1.56 7.60 *0.22
~-L2B " 8.33 *1.47 8.12 *0.28
~L3B " 6.74 *1.54 7.84 *0.31
-L1B " 9.41 *0.91 2.53 +0.11
~L3A " 8.73 *1.25 6.0k G 21
~12¢ " k.96 *1.40 k.30 *0.17
-JzA " 6.34 £1.34 5.60 *0.23
-J2B " 6.64 2,01 5.06 % 0.33
-Jac " 8.73 +1.47 8.53 £0.21
-K1B green 6.12 *0.89 21.71 *0.32
-K1A " 7.35 £1.00 31.3L % 0.45
-K2A " k.95 £1.02 27.55 +0.k2
-K2B " 6.99 +1.03 26.38 *0.44
-p2 " 9.18 ®1.42 5.90 *0.24
-J3 blue~green B.63 *1.35 3.56 *+0.18
-MUA " 5.91 *0.95 36.93 *0.49
~M34 v 7.19 £0.88 19.14 +0.31
-ML4B " 8.12 % 0.95 364,20 *3.27
~M3B cobalt blue T.04 £0.76 196.06 *1.79
-M2B " 5.38 £0.79 23v.28 12,08
-M2A " 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 " 6.78 £1.97 341.84 +£6.69
-H1A " 5.06 * 1.4 1,097.90 #0.66
-HlC " T.71 *1.25 582.19 *5.76
-G " 7.13 1.k 770.57 £7.59
~N2A " 9.62 *0.97 615.06 +5.19
-N1A " 7.39 *0.85 377.1% * 3,26
-N3B " 5.47 £1,98 928.65 10.6Z
~N1B " 8.43 *1.04 858.53 +7.38
~N2B " 8.58 +1.63 1,388.90 #16.38
-N3D " 6.26 * 1,62 k90.26 *5.71
~N3E " 10.12 *2.20 829.88 +9.72
Mesn end RMSD 7.33 t1.51 612.7 *332.0°

12.6 * 10.57
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Table 22a. continued

Sample  Color Sc Fe (%) Yb

~-L2A yellow 1.k1 +o0.02 0.29 *+0.01 0.65 *0.07
~L1A " 1.k1 £0.02 0.49 *0.02 0.48 + 0.07
-13C " 1.95 % 0.0k 0.39 *0.03 0.86 *0.19
-L4B " 1.69 *0.02 0.36 *+0.02 0.80 t0.10
-L2B " 1.5k +0.03 0.33 *+0.02 0.77 *0.12
-L3B " 1.97 +0.03 0.43 £0.03 0.84 *0,1%
~I1B " 1.72 +0.02 G6.61 *0.02 0.99 +0.07
-L3A " 2.75 +0.03 0.60 *0 )2 0.92 *0.12
-L2C " 1.53 #£0.02 0.37 *0..2 0.62 *0.09
-J2A " 1.27 % 0.03 0.38 *0.02 0.71 *0.14
-~J2B " 1.28 +0.03 0.36 *0.03 0.73 *o0.21
-Ja¢ " 2.01 *0.03 0.75 *0.02 0.82 +0.10
_¥1B green 1.23 +0.02 0.31 +0.01 0.62 *0.06
-KIA " 1.36 £0.02 0.35 £0.02 0.59 £0.07
~K2A " 1.38 +0.02 0.45 +0,02 0.79 0.09
-K2B " 1.39 £0.02 0.38 *0.02 0.55 *0.10
-p2 " 2,11 +0.03 0.70 *0.03 0.7h *0.10
_J3 blue-green 1.99 #0.03 0.76 *0.03 0.89 +0.10
—MUA " 1.52 £0.02 0.37 +0.02 0.74 +0.08
-M34 " 1.59 *0.02 .40 10.02 0.61 *0.07
-ML3 " 1.96 +0.05 0.55 +0.03 0.85 +0.14
—_M3B cobalt blue 1.96 *0.02 0.57 *0.01 0.31 *0.05
-M2B " 1.2k £0.03 +0.02 0.50 *0.06
~M2A " 0.53 +0.03 +0.02 0.62 +0.07
-M1 blue 1.39 *0.0h4 +0.02 0.55 *0.9L4
—H2 cobalt blue 1.51 +£0.08 +0.06 0.89 *o0.27
-H1B " 2.0k £0.12 +0.08 0.78 +0.37
-H1A " 1.90 +0.12 +0.08 0.88 +0.32
~H1C n 2.02 +0.08 0.86 +0.05 0.76 +0.23
-G " 2,00 *0.10 0.90 *0.07 0.63 £0.29
_N2A u 1.94 +0.06 0.77 +0.0h 0.69 +0.13
~N1A " 1.61 *0.05 0.64 %0.03 0.77 +0.11
~N3B " 1.7l *0.16 0.88 +0.11 1.06 +0.49
. N1B " 1.67 +0.08 0.66 +0.0k 0.52 *0.16
-N2B " 2,02 +0.13 1.23 *0.09 0.62 +0.30
-N3D " 1.89 *0.10 0.75 *0.07 0.97 +0.28
-N3E " 2.66 *0.17 1.13 #0.11 1.03 +0.h9
Mean and RMSD 1.71 *0.h2 0.58 0.73 +0.17
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Table 22a. contirued

Sample Color Ta Sb
-L2A yellow 1.04 £ 0.01 4.8 + 0.3

~L1A " 0.20 * 0.00 21.9 + 1.0

-L3C " 0.50 * 0.01 12.2 + 0.9

~L4s " 0.23 £ 0.01 7.2 = 0.k

-L2B " 0.35 = 0.01 8.8 + 0.5

-L3B * 0.25 % 0.01 9.3 + 0.6

-11B " 0.28 * 0.01 3.5 £ 0.2

-L3A " 0.57 * 0.01 1.8 + 0.2

-L2C " 0.19 * 0.01 10.8 * 0.5

~J2A " 0.20 * 0.01 10.9 * 0.7

-J2B " 0.19 * 0.01 25.2 +1.5

-Joc " 0.39 % 0.01 1.6 * 0.2

-K1B green 0.17 £ 0.00 4.5 0.3 9
-K1A " 0.16 * 0.00 11.8 + 0.8 11
—K2A " 0.16 * 0.00 9.5 * 0.6 15
-K2B " 0.17 % 0.01 10.2 * 0.7 16
-P2 " 0.33 * 0.01 14.9 * 0.6 16
-J3 blue-green 0.22 £ 0.01 12.5 * 0.8 12
-MhA ! 0.17 * 0.01 22,9 +1.1 15
-M3A " 0.17 * 0.00 1% 8 £ 0.9 13
-MiB " 0.25 % 0.01 7.4 £ 1.5 24
~M3B cobalt blue 0.22 * 0.00 9.5 + 0.4 7
-M2B " 0.16 * 0.00 1.1 # 0.1 5
~M2A " 0.19 * 0.00 15.6 = 0.8 5
M blue 0.20 = 0.01 0.9 £ 0.1 9
-H2 cobalt blue 0.18 £ 0.01 2.5 * 0.4 33
-H1B " 0.25 £ 0.02 -0.8 0.1 Lo
~H1A " 0.23 * 0,02 1.7 £ 0.1 Lo
-H1C " 0.19 * 0.01 -0.7 # 0.1 27
-G * 0.2k = 0.01 1.1 + 0.4 36
~N2A " 0.21 * 0.01 1.5 * 1.9 30
-N1A " 0.26 £ 0.01 0.7 t1.2 20
~N3B " 0.24 £ 0.02 2.3 0.8 )
-N1B ! 0.21 £ 0.0L LL x2.9 43
-}2B " 0.27 £ 0.02 2.2 ¥ 0.3 33
~N3D " 0.25% 0.01 0.6 % 0.4 30
-N3E " 0.31 £ 0.02 2.9 * 0.9 52
Mean and RMSD 0.26 £ 0.16 7.6 7.3
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coneluded

Table 22a.
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Table 22b. Igbo Ukwu Class II:

Neutron Activation Analysisa"h

Sample Color AL (%) Mn
IGB-T3A greenish-yellow 5.86 + 0.22 254 & 15
IGB-T3B " " 5.62 + 0.29 643 + 20
IGB-T3C " " 6.31 * 0.36 30k + 21
IGB-R cobaelt blue 5.00 £ 0.69 4,398 = 37
IGB-X Indian red 6.23 £ G.19 562 + 11
IGB-U3 " " 5.4 £ 0.1k 408 + 18
IGB-U1 " " L.h5 + 0.10 415 + 15
I1GB-UZ2 " " k.62 + 0.19 b1k + 12
IGB-P1 green 3.93 = 0.18 376+ 8
IGB-Q blue-green 2.11 * 0.05 233 + 7T
IGB-M5C " " 4.k2 * 0.78 270 + 20
Mean and RMSD® 4.82 £ 1.24 388 + 133f

Table 22¢. Igbo Ukwu Class III:

Neutron Activation Ana.lysisa"i
SGample Color AL (%) Mn
IGB-M5A blue-green 3.18 + 0.57 626 t 27
IGB-M5B " " 2,13 # 1.00 353 £ 35
IGB-Z2 green 1.57 + 0.91 1,0k5 + 21
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Table 22b. continued

Sample Color Na (%) Cu u
-T54 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 £ T3 1.42 + 0.03
-u3 " T7.65 £ 0.08 11,588 * 153 1.44 £ 0.06
-u1 " 8.54 £ 0.09 12,564 * 153 0.98 * 0.05
-2 " 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 6.7 £ 0.09 7,140 * 120 0.72 *+ 0.03
-M5(¢ " 7.93 = 0.08 7,943 = 145 0.70 * 0.07
Mean and RMSD 7.07 = 1.43 7,329 * 3,803 1.20 £ 0.39
Table 22c. continued

Semple  Color Na (%) Cu u
-M5A bl-gr. 10.43 + 0.11 10,886 * 210 0.96 * 0.11
~¥SR " 12.25 + 0.13 15,499 + 273 1.1% + 0,13
-7Z2 green 10.68 + 0.07 11,020 * 133 0.91 * 0.06
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Table 22b. continued

Sample Color Ba La Co

-T3A gr-yel. 72 + 32 9.41  1.59 12.75 * 0.h7
~T3B " 99 * 33 10.67 * 1.59 16.22 ¢ 0,55
-73C " 77 ¢ 33 5.79 + 1.59 11.04 t 0.h6
-R co bl. 202 + 23 9.94 + 1.49 504.81 + h,73
-X IR 93 + 11 6.41 + 0.60 39.90 * 0.45
U3 " 155 + 22 8.93 * 1.37 9.32 + 0.28
-U1 " 212 + 21 10.34 2 1.25 9.45 * 0.27
-u2 v 227 + 23 13.46 * 1.26 9.68 * 0.26
-P1 grecn 2ih * 12 20.76 * 0.83 7.34 * 0.16
-Q bl-zo 207 £ 12 9.58 *+ 0.63 L.30 ¢ 0.10
~-M5C " 153 * 39 10.37 + 1.71 5.43 + 0.26
Mean and RMSD 155 ¢ 61 10.52 # 3.97 12.54 * 10,22
Table 22¢. continued

. ample Color Ba Ls Co

-M58 bl-gr. 261 + ST 9.96 + 2.52 38.92 ¢ 0.78
-M5B " 233 + 69 10.4h4 = 3,03 11.18 i 0.50
~Z2 green 166 + 22 10.39 + 1.44 32.74 = 0.51
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continued

Table 22b.

Fe (%)
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Table 22c.
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continued

Table 22b.
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Table 22b. conecluded

Sample Color Sn Th Hf
~T3A gr-yel 1hg + 21 2,22 + 0.15 2.06 = 0.41
~T3B " 135 + 23 1.82 + 0.16 2.47 £ 0.46
-T3C " 119 + 22 1.81 * 0.15 2.42 * 0.43
-R co bl 223 + 33 6.50 * 0.17 1.78 + 0.50
-X IR 6L+ 7 1.48 + 0.0% 1.38 * 0.15
-u3 " 167 * 16 2.27 + 0.11 2.43 1 0.32
-1l " 300 £ 15 2.48 * 0.10 3.12 * 0.29
~-U2 " 322 + 14 2.58 £ 0.10 3.03 * 0.29
-P1 green 207+ 7 k.82 £ 0.07 3.10 * 0.18
-Q bl-gr. 238 * 3 2.35 £ 0.03 3.24 £ 0.12
-M5C " 187+ 9 2.11 + 0.08 2.4L * 0.25
Mean and RMSD 201 * 66 2.77 + 1.51 2.50 * 0.60
Table 22c. concluded

Gample Color Sn Th Hf
-M5A bl-gr. 263 + 13 2.93 £ 0.12 3.00 + 0.36
~M5B " 180 = 18 3.49 + 0.16 3.24 + 0.46
~z2 green 12 + 10 7.00 + 0.10 2,93+ 0.25
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Notes to Table 22
All data are given in parts per million unless otherwise indicated.
Trimmings are not included in the samples anslyzed.
Imprecisely~determined elements (see Chapter 3) are omitted from this
Table. Those which could be averaged for the (lass gave the following
means end root mean square deviations: Al, 0.7 *+ 1.1%; Ca, L.99 % 2.26%;
V, 45 * 53 ppm; €1, 0.7 *+ C.3%; K, 2.8 £ 1.6%; Sr, 0.2 * 0.2%; Ga,
526 * 352 ppm; As, 59 * 78 ppm; Lu, 0.09 * 0.07 ppm; N4, 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
4+ 0.09 ppm; Ni, 41 * 40 ppm; T, 0.15 % 0.05 ppm; Cs, 0.8 *+ 0.8 ppm.
As is not elevated in cobalt blue samples. Elements for which upper
limits of concentration for the Class could be determined are as followw,
given with an estimated representative counting error: Mg, 6 + 5%; Dy,
36 + 8 ppm; Cu, where 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 pmm; Ir,
0.047 % 0.010 ppm; Cr, 106 * 9 ppm; Rb, 120 * 100 ppm; Hg, assuming
none is lost in the reactor, 1 * 1 ppm; Zn, 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; 7e, 12.7 * 2.8 ppm.
Root Mean Square Deviation (see Chapter 3).
In green and blue-green samples.
Where this additive is apparently used (in the case of Sn, > 800 ppm).
Where this additive is apperently not used {in the case of Sn, < 700 ppm).
Omitting IGB-N3B.
Imprecisely~determined elements (see Chapter 3) are omitted from this

Table. Those which could be averaged gave the following means and root
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mean square devistions for the Class: C=, 3.2 % 1.7%; V, 36 + 25 ppm;
cl, 0.5 * 0.3%; X, 3.2 + 0.8%; 5r, 0.05 * 0.06%; Ga, T1 * 125 ppm; As,
109 *+ 70 ppm; Im, 0.09 * 0.05 ppm; Nd, 8.3 + 3.9 ppm; Mo, 3.2 + 2.3 ppm;
Ho, 0.8 t 0.5 ppm; Ag, 4.5 * 4.0 ppm; Bu, 0.38 * 0.11 ppm; Ni, 48 * 52
ppm; Tb, 0.21 + 0.06 ppm. As is not elevuated in cobalt blue samples.
Elements for which an upper limit could be determined 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, 0.1k + 0.02 ppm; W, 1 + 1
ppm; Ir, 0.007 * 0.007 ppm; Cr, 154 + 3 ppm; Hg, assuming none is lost
in the reactor, 0.5 % 0.l prm; Rb, 434 * 30 ppm; Zn, 452 = 20 ppm.
Precisely~-determined lanthanides omitted from the Table averaged: Sm,
1.62 *+ 0.48 ppm; Ce, 20.27 * T.46 prm.

Imprecisely-determined elements are omitted from this Table. Upper
limits of each, given with an estimated representative counting error
are: Mg, O+ 3%; Ce, 9 £ 4%; V, 150 £ 90 ppm: C1, 1.3 * 0.3%; Dy, 9

+ 2 ppmy K, 3 £ 1%; Sr, 0.2 * 0.1%; Ga, 340 * 230 ppm; In, 16 * 12 ppm;
As, 200 + 60 ppm; Sm, 1.88 * 0.03 ppm; Ti, 0.1 * 0.1 ppm; ILu, 0.17

+ 0.08 ppm; iu, 0.2k + 0.04 ppm; N4, 25 + 7 ppm; Mo, 6 + 3 ppm; W,

2 t 2 ppm; Ho, 3 = 1 ppm; Ag; 12 + 2 ppm; Ce, 26 + 2 ppm; Cs, 9.2 + 0.3
ppm; Ir, 0.004 * 0.009 ppm; Cr, 51 *+ 3 ppm; Hg, assuming none is lost
in the reactor, 0 * 1 ppm; Bu, 0.6 * 0.2 ppm; Ni, S0 * 30 ppm; Rb,

80 t 15 ppm; Tb, 0.3 % 0.1 ppm; Zn, 460 *+ 20 ppm.



Table 23. Igbo Ukwu Class IV:

Neutron Activation Analysisa’b

Sample Color M%) ca (%)
IGB-V1 colorless 6.64 + 0.32 13.94 + 1.58
IGB-Vv2 " 7.84 + 0.40 15.29 + 1.80
IGB-V3 1 7.29 + 0.46 15.43 + 1.76
IGB-S2 green 7.37 + 0.36 14.87 + 1.49
1GB-S3 v 7.07 * 0.43 11.83 £ 1.52
IGB-N3C cobalt blue 6.56 + 0.22 10.43 £ 1.1
Mean and RMSD® 7.13 + 0.48 13.63 £ 2.06
Sample Color Mn Ne (2) u

-vi none €38 = 1k 2.81 * 0.05 0.97 + 0.06
-v2 " L £ 1k 3.49 % 0.05 .76 £ 0.05
-v3 " 578 * 17 3.71 £ 0.05 0.72 t 0.05
g2 green hoo * 23 2.53 £ 0.0b4 2.h9 £ 0.07
-33 " 481 * 23 2,67 * 0.0L 2.53 + 0.07
~H3C co bl. 7,928 £1ld 2.28 # 0.07 1.58 t 0.05

-+

0.56 1.51 * 0.84

W
-3
O

[=7

Mean and RMSD 527 2.91
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Table 23. continued

Sample Color Bg La Co

-V1 none 108 * 22 L. 47 + 1,10 3.64 * 0.17
~V2 " 176 * 22 4,29 + 1.03 3.94 = 0.24
-v3 " 185 % 20 3.52  1.04 19.49 % O.5h
-52 green 150 = 21 9.37 = 1.11 6.31 % 0.30
-33 " 166 * 20 7.73 + 1.08 6.21 k 0.22
-N3C co bl. 617 + 29 18.64 + 0.99 1,104.80 * 9.47
Mean and RMSD 234 * 190 8.00 * 5.68 7.92 + 6.504
Sample Color Se Fe (%) b

-Vi none 0.93 + 0.03 0.30 = 0.02 0.95 % 0.12
-v2 " 0.81 + 0.03 0.27 % 0.03 0.79 * 0.1k
-3 " 0.91 * 0.03 0.2k .+ 0.03 0.7h + 0.1k
-2 green 2.06 * 0.05 2.48 + 0.07 1.28 + 0.19
-383 " 2.07 *+ 0.03 2.60 * 0.06 1.25 * 0,14
-N3C co 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 1 0.23

2.54 + 0.85%
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concluded

Table 23.

Ta

Cs

Color

Sample

o =
©8838¢%

000000
+ H 4+ HH A

Q) IN\D O\ =F
WO ON\D

v & ¢ s » =
A NOoONUN A

QCO00QO
222\438
s s e e e

000000
+oH HOH L H
QOO0 0O0
ND @ t~-©

NN NN
—

co bl.

~V1
'
-v3
=82
-83
-N3C

2,17 + 1.39

6.38 + 4,36

Mean and RMSD

ut

Color

Sample

A MNP
~ At QUND

e e e e .
ocoococoa
H

QAU SO M
QOO 798

@ OO N
Oo.l_.l_ 9._

cocodd
HH H

A0 QO N~
AN N

none
"
n
green
co bl.

~V1
~V2
-V3
=52
-S3
-N3C

1.41 % 0.52

2,18 # 1.32

Mean and RMSD
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Notes to Table 23
A1l data are given in parts per million unless otherwise indicated.
Imprecisely-determined elements are omitted from this Table. Those
which could be averaged for the Class gave the following means and
root mean square deyietions: V, 86 + 80 ppm; Cl, 0.16 * 0.10%; K,
3.2+0.9 % ; Sr, 0.10 * 0.08%; Ga, 166 + 293 ppm; In, 0.09 * 0.06 ppm;
Na, 6.7 = 5.3 ppm; Mo, 3.9 * 2.4 ppm; Ho, 0.7 # O.4 ppm; Eu, 0.27
+ 0.13 ppm; Ni, 33 £ 51 ppm; Tb, 0.17 #* 0.06 ppm. The following upper
limits were obtained (with an estimated representative counting error):
Mg, 2 + 3%; Dy, 12 + 1 ppm; Cu, 233 * 110 ppm; In, 18 + 23 ppm; As,
5 + 3 ppm; Ti, 0.12 * 0.05 ppm; Au, 0.05 * 0.02 ppm; W, 4 * 1 ppm; Ag,
2 +1 ppm; Sb, 1.2 * 0.3 ppm; Sn, 110 * 150 ppm; Ir, 0.01 * 0.01 ppnm;
Cr, 27 * 3 ppm; Hg, assuming none is lost in the reactor, 0.5 * 0.5 ppm;
Rb, 330 * 60 ppm; Zn, TS5 * 60 ppm. Precisely~-determined lanthanides
omitted fram 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

This report has presented the results of neutron activation analy-
sis of nearly four hundred glass samples, mostly beads, from archaeclogical
sites in sub-Ssharan Africa. On the basis of these snalyses, a number of
discrete groups of glass have been distinguished, groups which cross-cut
sites. These results are summarized in Figure 1 (Chapter 1).

We have agsumed that these groups reflect commonalities in the
origin of the samples. The origin of a group was tautologicelly defined in
Chapter 1 as "that entity, of whatever duration and distribution in space-
time, which is responsible for the manufacture of a chemicel (bead) group.”
We feel that the more specific and limited the chemical group, then the more
restricted in space-time its origin must be.

At the present time it is not possible to name a very specific origin
of eny of our bead groups, and the general origins which we have suggested
are summarized in Table 24. The best-traced group is Ife Group I. for which
we have suggested a medieval Europesn origin on two grounds: 1) that Group
I, being a potassium glass, resembles glasses of medievel Europe and 2) that
blue/yellow dichroic glasses are known from European contexts.

Although the potessium glasses point towards medieval Eurcpe, the
soda-lime glasses from southern, castern, and west Africen sites point to
no specific origins (see Table 25). They would fit into Europesn or Near
Eastern traditions of manufactureah, aithough probably not medieval European.

2k

Soda-lime glasses are well-known inside the Soviet Union as well (e.g.,

Besborodov and Zadneprovsky 1967). Indian and Chinese traditions of glass-

msking are dimly perceived in many respects. Our small knowledge is summar-

ized by Dikshit (1969) and Ayers (1965), respectively.
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The same vagus assessmeut has been made of gless beads found in Southeast
Asian sites: soda~lime glasses which could fit into Occidental or Near
Eastern iraditicns of manufecture (Lemb 19658, 1965b). Cleasrly further
research ig needed, esprclally a direct approach in the actusl ereas of
pussivle manufacture, as distinct fram the rather indirect aporoach taku:
here.

Remarks and Frospectus

The Clagsificatory Approach. It follows from our hiererckical

classificatory approach and from our tautclogicel definition of origin that
the origin of & very general glass group may be so general that it inecludes
factories which are discontinuously distributed in space~time. In fact
factories may be combined into one origin in a manner which might appear
gbsurd if the identity of the factories were indeperdently known. This
situation is nerely a consequence of insufficient resolution between the
products of two or amore factories. Presumsbly, as chemicsgl groups become
progressively resolved iuhrough the accumuletion of information, so will
their origins become progressively resclved.

Our classificatory approach is suited to encompass an anticipated
growth in resolution: as soon as sufficient information is available, any
group may be subdivided, with a corresponding subdivision in its origin.

When it becomes possible to specify origins on the basis of empirical dsta
from factory sites, then our tautological definition of origin will have

been outgrown and should be shed. In the meantime the ciassiricatory approach
allows for an expression of the relative stetus of chemical groups even

though one is ignorant of their "absoluie” status, that is, whether the

groups represent single batches, single factories, combinations cf factories,

cuntinents, and so forth.
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A classification must be regarded as a heuristic simplifying device.
Were all the glasses that ever existed fully analyzed and documented, they
may not fit neatly into a single large claessification or "tree" of glass-
making. As in many other fields of endeavor, systems of order are conven-
iences for the research who bears in mind the “complementarity between
truth and clarity.”

Sampling. Glasses have been analyzed for mejor and trace elements
for years, but it has not been customary to follow the sampling procedures
taken here, that is, to take multiple semples of objects that look suffi-
ciently alike to be considered mass-produced.

This type of sampling mekes possible an estimate of the degree of
variability expectable in gless artifacts that visually appeer to be "the
same"”. We have found that the homogeneity in a group of like glass arti-
facts, although not great when compared to pottery or obsidian, is suffi-
cient to allow the formation of mutuelly exclusive glass groups.

It was stated previously that the procedure of random sampling of

frican beads was not carried out here. In the study of the Mapungubwe
oblates, of the M1 beads, of trade wind teads, and of dichroic and corded
beads, samples were taken of artifacts thaet looked alike. In two other cases
it was the scope of material which was sempled. These were the beads of
Igbo Ukwu and all the samples of Ife which were not dichroic or corded.
Except for those samples which fell into Group I at Ife, little interovre-
tation can be drawn from these samples, except perhaps that they might be
int.erpreted as a control for our abilities to recognize chemical groups on
visual cues. This situation does not contradiet our basic hypothesis that

chemicel groups can be distinguished without regard to visual attributes,
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but it does indicate that chemical groups can be distinguished with an
economy of effort if visual cues are considered. Of course, if our aim is
u chemicel characterization of all beads in genersl, then restricting our
attention to a few visually recognizable styles of artifact introduces bias.
ldocwever, 1f our aim is to study & particular artifact style or chemical
group for the light which it may shed on an archaeological problem, then

it is eppropriate to focus on a few visually recognizasble entities.

Proposed Comprehensive Classification of Glass Beads in Southeast

Africa. We would like to propose, for further testing, a comprehensive
classification of glass beads in Southeast Africa. This hypothesized class-
ification is given in Table 26. In this Table we relate our hypothesized
2ssemblages to Schofield's classifications (1938, 1942, 1943, 1958).

For west and central Africa, we propose no comprehensive classifi-
cation because our research in this area has been restricted. However, we
can sazy, on the basis of visual examination of many west African beads,
that we do not find the Southeast African assemblages recognizably present
in west Africa, and vice versa, except for nineteenth- and twentieth-

century material.

The Study of Glass. As repeatedly indicated in our earlier chap-

ters, especially Chapter 2, very broad ethnic units, such as "India", are
inappropriate molds in which to cast a detailed study of glass menufacture,
on account of the international charazcter of glassmsking. Chemical cate-
gories in glass need not reflect broad ethnic units at all. For practical
purposes of tracing origins, soda-lime glasses must be regarded as nearly

pan-culturel and pan-chronological.
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What is needea is a very great increase in resolution within such
general categories of glass. Until precise resolution is attained, pre-
cise chemical categories like some of our groups cannot be placed in per-
spective within general chemical categories, because the latter are not
known in comparable detall. The successful tracing of origins of glasses
awaits extensive, highly resolved, comparative, empirical research.

There are two obvious ways to increase resolution in the study of
glass manufacture. 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 medieval cathedral windows. It is now time to focus on
highly resolved subunits within such entities.

The second way to increase resolution is by analyzing four trace
elements. However, we fail to see how analysis for trace elements can be
confidently interpreted uniess carried out on samples restricted in proven-
ience in time and space.

Factory sites might be considered the natural units of glassmaking.
A single factory site can be more or less delimited in time end space.
Tests of relationship of neighborins; factories can be carried out if factory
sites are investigated. It would be desirable to estimate the degree of
chemical variability at one factory relative to the varisbility between fac-
tories. For the study of these and other fundemental questions, it is to

factory sites that we should like to see future research turn.
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Table 24. Summery of Suggested Proveniences

Possible Pro-

Approximate Glass Glass venience, assum-
Dating® Group Type ing correct

dating

11th-20th TWBCG soda~lime uaknown, perhaps

centuries Europe and/or
Near East

9th-1Tth Itfe Class II " "

centuries

11th-15th Mapungubwe " Near East

centuries Chemical Group

11th M; Chemical " "

century Group

9th=12th Ife Chemical potassium Europe

centuries Group I

Sth Igbo Ukwu soda~lime Near Eest

century Classes I-III

9th Igbo Ukwu potassium Europe

century Class IV

&y group need not span the entire range given as its dating, but may belerg

to an unknown range within the span.
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Table 25. Chief Glass Types Commonly
Expectable for Selected Regions in

the Medievel Period

Medieval Near
East {and areas

of Europe in Medieval Medieval
contact with Europe Indie
same)

glass

types: soda-lime potassium uncertain

opacifier: tin, lead tin, leed uncertain
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Proposed Comprehensive Classification

of Glass Beads in Southeast Africa

Visually Recognized
Assemblage or Series

Chemical
Group

Schofield's
Classification

1. Unreheated canes of
Gokomere, Zhizo Hill,
etc. (Robinson 1966,
Summers 1967}

2. Mapungubwe ~bletes

3. My beads, garden
reller beads

k. 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
transperent beads)

6. The nineteenth~-century
series (e.g., Dingeanstadt
Assemblage, see Schofield
1958)

T. The twentieth-century
assemblage (includes many
nineteenth-century styles,
and beads like Type 23 of
Igbo Ukwu (Shaw 1970)

none

Mspungubwe

Bt

Trade Wind
Bead

none,
under
study,
high
antimony
frequent

none

none

First Series (1938, 1G«2)

Blue-green cylinders and
garden roller beads (fabri-
cated cylinders) {1938,
1958)

Second Series (1938, 19%2),
Arab beads (1942), coastal
beads (1958), some ances-~
tral beads /1938, 1958)

none

Third Series (1938), zulu
beads (1958), Lifecane
besds (1958), beads of
Malawi (1943)

none
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Appendix 1. Provenience of Beads:

Details Not Given in Text

Sample Provenience and Excavator
FJE~Ab-3 Fort Jesus, VII, AKhe, Kirkman

FJIE- " " X, A9D, Kirkman

remainder
KIL-IR1M4 Kilwa, Per. II, SEB, ZLL, S55(2), Chittick
KIL-IR11l " " E of GM, Area K, SS5(1}, Chittick
KTL-HKCV3 " Pper. IIIA, HK, CV(3]) s "
KIL-GM2 " Per. ITIA-B, GM, SW, SS, W 100 cm., "
KIL—GRYQ n n n 114 ” " "
KlL-G‘M]. n n n " ” " "
KIL—IR].3 " " " 1" " 1" "
KIL-IR12 " Per. IIIB, IW, K, S5(1) > "
KIL—G’RYIE " " n " ”n "
KIL—GRYS 1" " " " 1 it
KIL—LWKJ. " " 1" 1 R SS ( 2 ) s "
KIL—LWK2 1i} n n " " n
KIL-GRY10 " Per. IV, KK, MBV(3) , "
KIL—GRYll ”" n 1" " "
KIL—G’RYJ_ n n " " "
KIL~MBG " " " MBG(3) R "
KIL-MBGL-5 " " ", MGB, soak pit , "
KIL—IR]. 5_18 " n " " " "
KIL—GRYh-T " " ” 11 n it
GER-1A-F, " Per. V, Gereza, A(2) . "
GER—ZA-'E " n " " "
VOH-a1l Vohémar, No. 48-2-24, Poirier and Millot
NYA-GRY16 Nyangwe Fort (Inyenga), XXXIVb, 30-40" near wall, No. TiT2a,

Summers
LUA-1-9 Luenze, L, 1(2), Garlake

KAO-183G~J Kaole House, 2C, SW Room; below possible floor, Chittick
KAO-1T2A " » Tr. AL(L), "
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Appendix 1. continued

Sample Provenience and Excavator

GED-all Gedl, below floor of tomb, Kirkman

MPL-b Mapela, JNF A(3), Garleke

DAM-1 Demkarare, 64, CES 62 1/2, skull, Garlake

DAM-2--3 " » 75, CES 68~, "

MAT-all Matendere, midden, No. 5950, Caton-Thompson

MAK.-1 Makoli, Type I, v. Riet Lowe No. 33/59, Inskeep

MAK-2 ", Type IT, " " "

LUs-1 Luseka Cave, " 18/L0, Claerk

MOD-all Modjedje's location, " 33/37, Krige (not excevated)

STA-all Sante Ana (in Manila), Fox

POR-all Porac, "

MAN-all Manunggol Cave, Chamber B, Palawan Is., Fox

KAB-all Kab'wan Cave, Lipuun Point, " "

BUT-all Butong, Fox

CAL—all Calatagan, Fox

SIR-3295 Siraf, No. 3295, B, (386), S69-T0, Whitehouse

ITA-1030 Ita Yemoo, Tr. XITT, (3a), Willett

ITA-920 " , 8B(2), "

ITA-855 " , Tr. XI1II, (1B), "

1TA-1386 " "o, (19B), "

ITA-1035 " "o, (ba), "

ILE-233a Ilesha, grave, rt. arm of Skeleton I, Willett

OLD-27 0ld Oyo, surface, "

058-1 Onikroge (Ossi River Site), found by R. Hide in a "cache" of
beads, no archaeological data

KOU-1 Koumbi Saleh, No. MAL-49-195, Mauny and Thomassey

GAO-1 Gao, surface, from medieval town, No. MAL-50-13, Meuny

ORU-2064, Orun Oba Ado, Pit 11, Willett
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Appendix 2. Cobalt Colorants in Glass

Cobalt colorants have occasioned some discussion in the literature
(Garner 1956a, 1956b), and it may be appropriate to comment on this topic
here.

It is not poss;hle routinely to diamgnose the source of a cobalt
ore used in g glass from a pattern of trace elements in the glass. In order
to do so, not only must a trace element pattern diagnostic of some cobelt
source be demonstrated to exist, but also one must show that the pattern is
recognizable in the finished glass. These ere formidable requirements.

It may be doubted whether there exist many patterns of trace ele-
ments associated with cobalt that point exclusively to single mines or
sources. The same cobalt ores can occur globally, and different cobalt
ores cean occur in the same mine. Certainly the burden cf proof lies on
the person who asserts such essociations.

The cobalt ores are usually grouped into three broad chemical
types: arsenic-containing ores, sulfur-containing ores, and product-of-
oxidation ores (Young 1962, Andrews 1962). Some ores are chemical com-
pounds; others are mixtures. The arsenic- and sulfur-containing ores are
the commonest (U.S. Bur. Mines 1950).

The product-of-oxldation ores are worthy of comment in the present
context. The ore erythrite has a red color, which may aid in its identifi-
cation in historicel texts, such as in a Persian description of a faience
technigue (Ritter 1935:35). Another product-of-oxidation ore is asbolite
(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 sbove, cokalt often occurs ir manganese ores
(U.S. Bur. Mines 1950, Andrews 1962, Young 1962), and also in association
with several metals such a5 copper and zine. Indeed, cobalt ores slmost
never occur along in nasture: their mining is almost always the by-product
of some other mining endeavor.

It has been stated in the glass literature (Garner 1956a, 1956b)
that cobalt ores occurring in the Near East are arseniferous while those
occurring in Chine are manganiferous. These generalizations should be
regarded with the greatest caution. They rest upon no analyses of ores,
and they were put forward essentially without docuwentation (Garner 1956a,
1956b).

In point of fact, little is published of cobalt ores in the Near
East. Recent authoritative works do not list this region as even & minor
supplier of cobalt, nor do they systematically discuss this region. Only
some miscellaneous information is reported {see U.S. Bur. Mines 1950,
Andrewvs 1962).

In Garner's work, the evidence which was supposed to characterize
Near Eastern, arsenicael, non-mangeniferous (or very low mangenese) 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 locally obtained, which contained a trace amount of manganese, and
in which arsenic was never detected (Garner 1956a, 1956b).

Garner's high-arsenic, low-manganese prescription for Near Eastern
cobalt colorents ceems poorly substantiated, not only because of inadequate
reported anelyses, but also because of the range of possibilities in the

global distribution of cobalt ores. Arsenicel ores of cobalt occur



~345~

abundantly outside of the Near East and manganiferous ores of cobalt occur
abundantly outside of China. It has not been proven that manganiferocus
ores of cobalt cannot occur in the Near East or that arseniferous ores can-
not occur in China. The finding of ancient Near Eastern glasses appearing
to contain manganiferous cobalt colorants (Sayre 1963, 1964) need demand no
cobalt source exotic to the Near East. The same may be said of mangani-
ferous cobalt blue glasses found in the Occident (Sayre 1963, 1964k}, ar.
the reverse may be said of arsenical cobalt ores appeering to occur in
Chinese glazes (Garner 1956b, Banks and Merrick 1967).

Clearly caution is required when considering generalizations atout
ores, and appropriate notes of zaution are indeed implicit in more re =nt

studies (Sayre 1963, 1964).
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