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SECTION 1.1 T b

\// INTRODUCTION AND RESEARCH GOALS

Y
)

Walking across the tilled ground or through the remaining olive
groves, the modern yisitor to Carthage is likély to notice the sherds of pottery
which litter the ground. Many are a bright red—orangé color with é'smoqth and
shiny surface. This comes_as no surprise to those familiar with the material-
culture of the Roman world. Actually, one would be surprised not to find a bit
of Samian ware where the Romans lived. The variant used and m?de in North
Africa is known as African Red Slip. Red—gloss pottery first appeared in the
Eastern Mediterranean, but commercial production began in Italy during the 1st
century A.D. Production rapidly spread to Gaul. Various fabrics were produced
at least unti} the 7th ce;tury.(l)

Red—gioss pottery from the Italian and Gaulish workshops has furnished
scholars with éﬁ}émple'supply of material for study.(2) Excavations at mumer-
ous European manufacturing sites and studies of distribution patterns hage re-
vealed an organizational complexity and a scale of production unparalleled in
the ancient Mediterranean. The marufactories shared many features of modern
serial production. Shapes were reproduced with moul“s and decoraﬁion was
achieved by combining motifs froﬁ prefabricated stamps. Tally lists, recorded
on rejected vessels, named the workers assigned to various tasks anxd registered
the quant%ties of production. (3) The workshops were clustered at marmfacturs

ing centers. Potters identified their wares with stamped trademarks, a practice

£

1. Goudinean {1968); Comfort (1940); and LRP.
2. Dswald and Pryce (1920); Comfort (1940).
3. One inventory lists 166,000 vases of the same form. Puccl (1983) 110.

*
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rareiy adopted by other groups of Roman craftsmen.(4) Distribution of the .
'pottery fram these manufactories(5) was apparently controllgd by middlemen,
negotiatores. The cgramics were shipped consilderable distances, and in same
instances accounted for a significant‘ portion of the cargo in merchant
vessels., (6)

The terminology used to describe this pottery includes several
different words which are ‘often used synonymously. The fact that relief
decoration appears on mmerous bowls has led to the use of "terra sigillata".
The earliest known production center in Italy was located at modern Arezzo,

. hence, "Arretine" has been employed in other instances. The generic term
"Samian Ware" 'has been popular for many vears among English spealing
archaeologists. Latin authors who speak of "vasa samia" provided the precedent
for its uge. A recently published inscription from an inventory at Ia
Graufesenque indicates the verb samiare was 2‘che term used by potters themselves,
probably to describe burnishing (polishing) the Edttery. Samian is, therefore,
quite appropriate for describing the Roman's china. (7)

“ Technicallg? speaking, Samian Ware is variety of red-gloss pottery.
The term "gloss" 1s essential to distinguish it from pottery coated with a

vitreous glaze. The lustrous coating is a clay slip which has only partially

LS

4. Hermet {1934); King (1980); Labrousee (1975); Vertet (1975).
Peacock (1982) 115-128, provides a concise, comprehensive synthesis. .

5. The term manufactory is used to distinguish between the modern industrial
plant and manufacture which did not benefit fram the use of machinery.
Peacoclk (1982) 9-10. Some of the Samian manufactories occasionally
employed 30-60 workmen. Since these installations are comparable in size
to many modern enterprises, the term "factory" may be appropriate In the
the context of Roman pottery production. )

6. Puccl (1983).

7. King (1980). >



vitrified. (8} The physical properties vary considerably betwean production .
centers and throughcut the long history of red—gloss manufacture. The coating
of Africaq Red Slip (ARS) 1s, generally speaking, inferior in quality to 1ts
Italian and Gaulish counterparts. Although glossy, the slip i much thinner and

\less lustrous than the red—gloss made in Gaul. The terminology used by Italian

archaeologists (terra slgillata chiara) to describe certain categories of the
late Roman ceramics recognizes this difference. While Samlan from Europe has
been examined in numerous laboratories, ARS has not been analyzed. The
physiochemical properties of the surface finish, therefore, may not correspond
‘with the sintered coating of Samian. This uncegtainty and the obvious visual
characteristics of the surface, are arguments which favour the use of '"red slip"
for describing the pottery of North African origin. ' |

Until the middle of this century, the late Roman red-glossvpottery was
neglected in favour of the more elaborately decorated Samian. Italian
archaeologists excavating in Italy and Spain recovered large quantities of red-
gloss pottery and developed classification systems which include African,

Gaulish and Near Eastern fabrics.(9) It is recognized that the publication of

Late Roman Potterv by John Haves established the basis for further study. He

provided a synthesis of earlier work and a comprehensive typology. Excavations

at Carthage, conducted within the framework of an international Unesco campaign,

8. See Chapter 2, Section 1. .
9. LRP. 13-18, 287-300. Another review of the scholarship on ARS is provided
in Carandini (1983) 158-162. ‘



—,
" have revived interest in the site(10) and have furnished an abundance of
African Red Slip.(11) ©

Currently available evidence imiicate.s that ARS manufacture began in
North Africa during the 2nd century in modern Tunisia which corresponds '
approximately to the Roman Province of Africa Proconsularis. The earliest
production centers were apparently located in the southern and central regié:ns
of the ‘céunfry, but by the 3rd century mamufacture was estaplished near the
northern coast.(12) Workshops in this area have been found at Oudna and quite
recently at Mahrine.(13) The prodigious quantities of ARS from the excavationé
at Carthage have left no doubt in the minds of specialists that the "classic
types of ARS, specifically Lamboglia's TS chiara A and D series" must have a
"North Tunisian origin®. (14} Theée fabrics were exported throughout the
Mediterranean littoral and beyond, as far as the British Isles.(15) The
| frequency with which ARS- of the & and D varieties occurs at Carthage certainly
gives weight to the supposition that this pottery was made in "the vicinity" of
Carthage.(16) The workshops, if they existed ithin the city proper or
ac?.jacent to the urban area, have not been located.

Given the wide distribution of ARS and the relative similarity of the
fabrics, the present investigation was undertaken to determine whether or not

chemical composition could be used to distinguish different varieties of

10. The research has been reported at international colloquia. Pedley (1380),
Cahier des €tudes anciennes XVI-XVIII. Bibliographies of excavation
reports are furnished by J. Humphrey in AJA 84:1 (1980) 75-87. See also
CEDAC Bulletin 4 (1971) 56-60. /

11. ECBM I,2. CMICH I, IT and IV. See also Actes CCC.

12. IRP 296-298. Carandini (1983) 147-151.

13. Mackensen (1985); Carandind (1983) 146.

14. Hayes (1976) 84.

15. Distribution maps are provided by Bayes In LRP 453- 456

16. Hayes (1976) 84-85. N




material from Carthage. The abundances of chemical constituents provide
separafion criteria whiﬁh are considerably less subjecfive than the obwious
physical attritutes of ngtery which are cammonly used to identify a particular
fabric. The chemical."finéerprint" of a fabric can be used to trace the source
of'manufacture. This study also attempted to use the analytical data to test

| the aséumption that the ARS recovered at Carthage was produced locally.

Several groups of ARS and -associated ceramics from excavations within
the Roman city were examined using direct current plasma emission sﬁeqtrcmetry.
Abundances of nine chemical camponants, including major constituents %nd trace
elements, were obtained for two hundred samples of pottery. These data, when
subjected to statistical analysis, provided distinct patterns of chemical com-
position for individual groups of ARS. The compositions of local clags were
compared with the chemical parameters established for the ceramic groups in
order to assess the likelihood that the pottery was made in the vicinity of
Carthage. Data from approximately one hundred samples of argillaceous soll
constituted the raw matefial imventory. These.él;y samples repreéent major
deposits at Carthage and at several other sites in northerﬁ Tunisia.

The approach to this research was essentially the same as what several
laboratories have perfected for examining Greek pottery and Roman red-gloss
ceramics manufactured in Italy and Gaul.(17) Chemical composition, detérmined
by a variety of instrumental techniques, has been used to separate pottery from
diffevent production centers.(18) Provenience studies are by no means confined
to the ceramics of the Greco-Roman world. Thelr utility has been proven by

e

17. The activities of the CNRS staff, particularly M. Picon (see bibliograply)
are particularly noteworthy.
18. Prag et al. {(1974); Stern and Descoeudres (1977); Wilson (1976} .




investigators working with_archaeblogical material of the prehistoric cultures
in the Near East and others studying ceramlcs of the ancient Americas.(19)
Whenever possible, reference groups, consisting of cgramic samples
from workshops located by ax"chaeol.ogical excavation, have formed the basis for
comparison. When appropriate ceramic material was unavailéble, similarities
between clay deposits and ceramics have been utilized to suggest the origin of
production. (20) This approéch is, of course, more difficult. Ultimately cne
can never exclude the possibility that clays from two different Jocatioﬁs' might
have identical compositions; and variations within a single clay source can
cause confusion. These limitations, generally recognized by those who have
attempted such investigations, permit the exciusion of scurces whose chemical
compositions do not match the cerémics in question, but they prevent a!positive
indentifica-tion of the actual source. Furthermore, it has been pointed out
that when evaluating potential sources one must consider other evidence such as
distribution patterns.{21) Ultimately, matching elemental abundances cannot be
conslidered an %Psolute indicator of origin, but it adds coﬁsiderable weight to
other aiguments which favour a particular source of mamfacture. .
Archaeologécal interpretation often relies on data which camnot meet
the rigorous demands of modern scientific inguiry, conducted under the ideal
corditions obtainable in a labbratory. The best one can achieve in certain
situations is a plausible explanation. This is true'for provenience studies.

They can provide strong support for reascnable suppositions, within the

19. Wilson (1978}); Bishop et al. (1982); Peacock (1970); Abascal et al. (1982).
20. Schneider et al. (1979); Hancock (1984); Birgll et al. {1979); Abascal
et al. (1974) and Hammond et al. (1976). This source ldentification tech-
nigque has been used for other materials as well. Craddock et al. (1983);
. Michels (1982) and Boulle arnd Pelsach {(1979). See below: Section 3.1. '
2i. Wilson (1978); Stern and Descoeudres {1977) and Lemoine et al (1982),



limits imposed by the data, but they cannot furnish absolute proof. That is the

. ' . \*'\
context in which the results of this research sust be evaluated. (22)

b

E s

22. Lemoine et al. (1982) 57-59. e



SECTION 1.2

13

THE SAMPLE POPULATION

The potter;v which provided material for chemical analysis was
recovered during excavations conducted on the northern edge of Roman Carthage.
The project, direc;ted by Dr. C.M. Wells, began in 1976. Excavation has ceased,
but study of the results and prepa:ation of a final report are continuing. The
) largest excavation trlench has exposed the end of a city block between Cardines.
II and III East and bounded by Decumanus VI North. The buildings of this sector
abutted the city fortifications known as the Theodesian Wall. The wall was
built in the 5th century In response to the Vandal invasion of North .
Africa. (23). geré‘l other trenches of varying size have been opened during the
campaign. A general plan of the site appears in Figu;e 33

The pottery which provides the basis for this investigation was
brought to Canada for study by Dr. L. Neuru in 1981. She originally had full
responsibility for processing and publishing the ceramdcs from the site. This
analytical project was to be focused on pottery fabrics assigned by Dr. Neuru to
a typology developea arcund the ceramics fram the entire site. Circumstances
intervened which prevented the completion o|f a: typological framework before
the selection of samples for chemical analysis. Dr. J. Freed has since taken
over the enormous task of preparing the pottery for publication. Her wo;k is
nearing ccmpletion, bt results have not been integra‘;ed with the
stratigraphical reports and the dating information furnished by the coins. This

situation has influenced this study in several ways.

23. Wells et al. (1986); Wells and Wightman. (1980}). ?
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Dates established for the strata fram which the pottery derives may
require revision, but ‘they are not likely to be changed sufficiently to affect
the general conclusions reached in the present investigation of their chemical
characteristics. It was also necessary to proceed by using criteria which may
not match precisely the ones developed by Dr. Freed for separating and defining
individual fabrics. Correspondences will need tc; be determined after her work
is terminafed. Because the completion of the ceramic inventory has been delayed,
it is not possible to determine accurately what proportion of the pottery from
individual layers and the site as a whole is represented by the fabrics chosen
for laboratory“é}émination. It is clear; however, that these groups are the
most common in the material availabie for sampling. By inference their
importance should extend to the site as a whole. Sherds fraom é; numbér of other
strata, among the materials transported fram Carthage, were exa_mined in the
preliminary selectipn stages. There were several ’hundred examples of the main
fabric types (Fabrics Types III and IV) in these deposits. Although f.requencies
of occurrence are unavailable, the fabrics selected for analysis were praminent
in the assemblage fram the site as a whole,

O;:h.er criteria which influenced the selection process were adopted to
insure accurate results. Fragments with calcium concretions were avoided,
because the formation of such deposits could havg: altered the original
compositions of these sherds. Care was taken to insure the samples represented
single vessels. Diagnostic sherds were chosen geims for the most part, which did
not match .o‘-:her‘pieces in the sample population.~ This task was greatly
facilitated by the large mumber of sherds from the deposits. The fabrics

display irregularities which are described in the following section of the

k/ - " |
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report. Pleces which deviated from the norm were avoided, except in those
instances when\ anomalous characteristics warranted invé‘stigation. These cases
are noted in the text and tables. |

Three de;&osifs furnished the RS for chemical analysis. Their
,chronology is based,in part, on the pottery itself. The pottery which these
. depo::;:its cantained was divided into two majo-r classes, Fa;b:c;ic Types III and IV.
These Fabric Types were subdivided by deposit following the system described
below (pp. 11ff.). Table 1.1 presents a summary of the fabric classificafion,

arnd gives proveniences and dates for each of the subdivisions.

3RD CENTURY DEPOSIT: TIOCI 2F 32 — 36.

' The earliest deposit consisted of atﬁ'eries ofl contemporary, interwoven
.strata‘. These are J:oci 2F 32;36. They were laid down within a large rectangular
structure refered to as Building A in the site reports. The building was
situated North of the Decan:nus VI within the main excavation area.. (See Figure
1.2).(24) The building was destroyed early in the 3rd century, accordiﬁg to
the dates furnished by the pottery. The pottery from the stratum includes
Fabrics F I, F I, F III and F IX.

x
5TH CENTURY DEPOSIT: LOCUS 1M 7.

The second deposit, stratum 1M 7, accumilated on the éurface of
Decumanus VI after construction of the city wall in ca. 425 AD. The street was
blocked at this point by the fortifications. The cul-de-sac mede a convenient
repogitory for refuse, within the city, against the southern face of Theodosian
Wall. The residents of an adjacent house took full advantage of this space for

disposing of their garbage.(25) The "chronological consistency" of this 5th’

24. Wells (1985) 7-11.
25, Wells and Wightman (1980} 47-49.



century deposit makes it an excellent choice for analysis.(26) A portion of
B 1

this material has been presented with illustrations in a recent article.(27)/

The Fabrics from this. stratum are M III and M IV.

STH-6TH CENTURY DEPOSIT: LOCUS 1N 17.

-~

‘The third deposit was excavated on the northern side of the 'I‘heodosian

Wall. This porticn of the Canadlan site has not been published in detail The

"'...pottery had accumilated above the base of a cistern, destroyed when the city's

N fortifications were constructed. The agsemblage.of pottery appears to include

' bath 5th and 6th century material.(28) The pottery from this stratum includes

~

LA

Fabrics N III, N IV and N VII.
The sampling procedure began by assigning catalogue nmumbers to
approximately 500 pottery fragments.f After an initial sorting, the remaining
samples were color coded and examindd individually with 20X magnification. They
were placed in groups 6n thf_: basm of their gross physica‘l preoperties.
The African Red Slip Ware was divided into two main categories which were
labeled Fabric III Type and Fabric Type IV. They share many attributes. The
principal distinction was based on the color of their pastes. The fé.bricis were
then subdivided according to their stratigraphical context. Fabric Type III was
represented by samples from all three deposits. Its subdivisions were labeled F
III, M III and N III. Fabric Type IV compriseé samples from the 5th and 6th
century strata, 1M7 and 1N17. There are some sr}erds' from strata 2§ 32-36 which
did not helong to this Fabric; however, the limit placed on the sample

populatior: did not permit their inclusion in the analytical program. The

26. Wells and Wightman (1980) 49.

27. Neuru (.980). -~

28. The preliminary dates for the stratum 1N 17 are based on documents in the
excavation archives prepared by L. Neuru who examined the pottery. ’

4
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samples of Fabric Type IV from stratum IM7 were designated as Fabric M IV, those
from Iﬁl? as Fabric N IV. Other minor fabrics were also distinguished. These
are described elsewhere. ' \

These subdivisions provided the groups which were subjected to
discriminant analysis. The purpose of dividing the sample in this lmamier was to
determine whether or not cne could distinguish between the two main varieties as
well as between pieces o;f the same basic Fabric Type made at the different ‘
times. The assortment of pottery from the Canadian site offered an excellent
opportuﬁity to investigate the possibility of making such distinctions. The
three deposits were clearly defined stratigraphically. The prelimipary dating
for each locus' indicated that the ceramics belonged to well-defined, finite
chronological periods. Thellarge volume of pottery provided a suitable sample
size which included muitiple examples of several common ARS shapes. ‘

The main Fabric Types share many characteristics. Both have thin
moderately glossy slips although many pleces have a matte finish. The slip is
. often finely mottled.n It isi smooth to the touch but small bumps are prevalent
giving it the "pimply appear%nce" noted by others.(28) All of the vessels
analyzed have completely slipped interiors. Only one grouwp, the pottery of
Fabric F ITI, is characterized by a coating covering most of the exterior as
well. The other fabrics are not campletely slipped. Their ceoating usually
contimies from the interior, over the lip and down the sides creating a band one
to three centimeters wide. Trails ‘of slip camonly extend below this region.
On same vessels these are smeared as. though the potter tried to wipe them away.

It is believed this results fram an application procedure whereby the clay

"29. LRP 292.
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slurry was simply poured into the vegsels and swirled rather than dipping the
pottery into a container of slip.(ao) The slip gradually becomes thinner as it
approaches the lower edge of the exterior band. Therg Is a simltanecus
decrease in luster until the slip becames entirely matte. This indlcates that
the reflective quality of the coating largely depends on 'its thickness.
Burnishing may enhance the sheen on the vessel interiors.(31) Smoothing or
burnishing marks can be detected on vessels from all of the fabrics. This
operation may have been conducted before the slip was applied. It is difficult
to be certain of this because the slip 1s generally so.thi;. If the pottery was
not polished after the coating had been applied it might account for the matte
finish on certain fabrics.
. The surface is "hard" according to the scale used to evaluate pottery
from the British efcavations at Carthage. ;Shat is to say, the surface can be
scrat?hed'with metal, but not with the finger nail.(32) The slip adheres very
well %o all of the bieces representing Fabrics III and IV. The smooth surface,
as noted above, is interrupted by maﬁy small bumps. This occurs where mineral
grains protrude from the underlying paste. Spalling also occurs quite often.
The calcite fragments causing these blemishes are generally only a fraction of a
miliimeter in diameter, but one piece nearly 2 millimeters across was cbserved.
All of the attribﬁtes previously descriled can be detected easily with
the naked eye. In order to scrutinize the samples morqiclosely, all sherds
were examined with a 20X hand lens. With the aid of magnification the effect of

these profruding inclusions is more easily observed. Their presence is related

30, LRP 294-295. Vessels were apparently dipped to coat their exterior walls.
31. LRP 291.
32. ECBRM I, 2. p.7.
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to another visual characteristic of these ARS fabrics. Tiny flecks of luster

appear in raking light. These can be seen on slipped portions ard in places

where no coating exists. They create the effect associated with inclusions of

mica. Through the lens it appears these bright spots are in fact quartz grains.

The inclusions occur as translucent rhomboids, not as platelets. At close range"\

their luster 1s glassy, and not of the metallic or pearly qualits} ccrmnoniy

associated with muscovite and other micas. (33)

The identity of these lustrous mineral grains needs to be verified by

petrolegical assay, but it seems they cannot be categorized as mica. Their

presence in ARS fabrics is significant for two reasons. Firstly, one

—

:

description of an early ARS variety refers to "occasional épecks" of mica, (34)
1

The material from this study shows that such identifications need verification

under higher magnification by subsequent laboratory examination. None of the

sherds examined in this study contained inclusions which could be pesitively

idezitified ag mica, muscovite or biotite. Mica is not mentioned in the reported

results of a petrological study conducted on ARS from Carthage.(35) This

description is unfortunately extremely brief. Consequently it cannot bfex

considered definitive. Mica has been identified in one Variety of black~

burnished ceramic found at Carthage, but probably made elsewhere.(36)

The glassy quartz inclusions may have been altered by heat.

Rapid cooling can cause quartz to shatter. Freshly created facets could vield a

33.

34.
35.
as.

I wish to thank Mr. Phillip Wright, Regiocnal Archaeclogist, Ontario
Ministry of Citizenship and Culture for allowing me to compare mcaceous
prehistoric pottery with samples of ARS.

LRP 290. ,

ECBM I, 2. p.14-15.

ECBM I,2. 8-11.

&
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"highly réflective surface. (57) "~ Preliminary tests suggest the pottery was fired | . _'
to a temperature of 1000 degrees Celsius or slightly '1ess. (38) Quartz -wi_ll not |
melt until a teu{perature of 1713 degrees Celsius is reached unless a flux is
present. If the glassy luster of the quartz grains results asan effect of the
firing, a glassy layer may have formed on the inclusiom;. through a reaction with
the alkaline impurities in the clay. The uncertainties surrounding the origin
of the lustrous mineral .inclusions make it clear that a petrological study of
ARS neece to be published. One could learn much about merufacture by examinihg >
thin sedtigns under a microscope. It Is unfortunate that more details about the
material from Carthage which has already been examined have not been reported.
Hopefully, this inform.a{:ion will appear at a later time.

ﬁe use of a hand lens was adopted for this investigation as an aid to
fabric separation and not as a replacement for the petrological microscope. In
a sense, the magnifier represents a'compromise between the naked eye and more
sophisticated equipment. Portability ané\cost often limit what can be

accomplished in the field. ;£t seemed desirable to report what could be
discerned with the hand lens since this could prove useful to ceramologists
working without the benefits of a suitably equipped laboratory. BExamining
sherds with a magnifier of 20X is more informative than the common practice of ¢
using a less powerful lens or no magnification at all. It can help to“define
problems which require closer scrutiny and to select specific sherds for

Iaboratory analysis.

/4- ~ As previocusly noted, smoothing or burnishing marks are clearly visible

on the surface of the pottery analyzed in this study. There are numerous small

37. Shephard (1957) 28-29.
38. LRP 295.
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, ¢
pits left by mineral grains pulled ocut during these/cperations. There are also
. grooves formed by inclusioné pulled through the leather-hard clay. This has
‘been cited as evidence for the use of molds to manufacture some ARS forms.(39),
This may explr::in some of the grooves, ut others are found in longitudinal
‘ facets on the exte;'ior of numerous vessels. These fiat bands suggest the
undersides were trimmed or scraped to procure the desired contour of various

ﬁ
vessels represented in the sample population. This could mean that some vessels

were fr:-:e thrown or- only partially moulded.

When broken, vessels "of. Fabric III and IV present a sharp, but
irregular fracture. The breaks usually occur in relatively straight lines.
They expose a laminated macro-structure. Short gaps as wide as one millimeter
occur between layers. There are also many examples of large air pockets running
longitudinally through the thicker part of rims. Smaller voids occur randomly
in the paste.

The layerec} core may resultj from the clay being pressed against a
mold. One would expect a more homogeneous structure if the clay had been rais'ed
with pressure applied evenly to both sides while turning. In any case, the
lamellae suggest the vessels were twrned or pressed into a mold for a relatively
short time. A longer application of pressure while the clay was plastic would
probably have eradicated this structure.

Quartz grains constituta the principal non—-plastic material in the
paste. They vary in size and may be as large as a miliimeter across. Both
angular ‘and rounded grains occur., The latter are generally larger. It is not

<

certain whether these were added intentionally.(40) A similar varlety can be

+ 39, LRP 294.
40. ECB4 I,1. 15. LRP 290.
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cbserved in the natural clays of the reglon. The dispersal of'fhe quartz is not
always uniform in the same sherd. Clusters of grains can occur which give the
impression that there is no clay present when viewed through the lens.
Particles of white calcite are interspersed with the quartz. Some of these may
be calcium oxide particles created by thermal alteration of liméstone
inclusions., They vary in size, but usually are less than half a millimeter
wide. COccasionally, as already noted, they are four times as large. This
jidentification of the white inclusions is based on petrological examinations
‘reporjted elsesmere and on the spalling often associated with them.(41)

Another variety of inclusion can also be detected in' the paste.
Angular grains of a very dark brown or blackish mineral occur sporadically in
the cla;,r body. Usually they are less than .5 millimeters across, but some as
large as 1 millimeter were observed. These are.not always obvious wiﬂwut
magnification. Often, they are present in small numbers and may not be cobserved
along every break in a sherd. Like the other impurities they are sametimes
clustered together. L_7Reft=:renc€: has been made to a petrological study of an
extensive assortment of African Red Slip excavated by the British Archaeological
Mission at Carthage. The material derives from primarily 5th and 6th century
deposits. The dating, the catalogue of forms and the physical description of
these finds indicate that Fabric Types III and IV are represented in these

finds. An assessment of the results fram thin sectioning concludes "the

pétrological method has been taken to its limits" in. an effort to distingiish

fabrics. (42)

41. ECBM I,2. 14-15.
42. ECBM I, 12. 14.
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The "extreme uniformity" of the geological region which includes
Carthage is reflectet;l in both ancient and moderm ceramics examined in
conjunction with the British investigation. Ther canY. mineral species mentioned
in mtim with 8RS are rounded quartz and cryptocrystalline limestone.(43)
Other minerals were identified in several varietles of coarse ware whose
distfibut:ion suggests they were made in the vicinity of Carthage.(44) The
nldimer;tgry information avaiiable at present does ndt permit speculation about
the identity c;f the black grains found in Fabrics III and IV. A more detailed
petrological report on the British material and an examination of thin sections
fram the sherds analyzed in t]_nis study will be needed to identify the black
mineral inclusions and determine ﬁa.eir frequency of occurrence in ARS.

The clay matrix of Fabrics III and IV is fair;ly porcus. Numercus
small voids can be detected with magnification‘ in addition to the larger
cavities ‘{isil_ole by eye. The té-:ﬁ;re of the clay through the lens is quite
dense and its surface along the breaks is surprisingly smooth when contrasted
with its unmagnified appearance . The size and frequency of quartz inclusic;ris
creates an impression of coarseness which‘ is altered by a closer viewing. A
darker color zone, independent of the lamellae described above, can be detected
in the center of many of the ARS sherds. The contrast is often slight, but some
cases exhibit a pronounced difference. The occurrence of this darker core led
to the creation of two additional fabric groups for this investigation. Its
presence provides evidence for the technigues used for firing ARS. This aspect
of the productionwr;lethod is discuss‘ﬁ\@t gregter length in Chapter II of this
report. (See below: Secfion'z.l)

-
P

43. ECBM I,2. 15.
44. ECBM I,2. 8-13.
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The physical attributes of Fabric Types III and IV suggest they belong

to the broader categories known as terra sigillata chiara A and D. Several

subgroups have been identified some of which share characteristics with the
material from the Canadian Site.(45) More precisely, they seem to match the
variants 2.1 a and b of the classification used to catalogue ARS from the
British eﬁcavati_gﬁs. (46) The Fabric Types and their subdivisions are listed
in Table 1.12 on page 54. This table also provides a sumary of provenlence and
chronological distribution. The designations used in this study should be
considered as femporary expedients, required to facilitate statistical amalysis.
A typological study of the pottery from the Canadian site is finally nearing
completion. It will be necessary tor; integrate the re_:s'fults of the chemical
analysis with the system devised for the typological analysis.
The Fabrics
T =

Material from the 3rd century deposit (loci 2r32-36) was divided into
four fabrics: FI, FII, F III and FIX. Fabrics FI and IT were distinguished by
a dark band of color in the center of the clay body. "I’his band is most
prominent in Fabric F I. ‘The group has only three members. As can be seen from
Table 1.5, it was represented by open bowls of the Form 8 arnd 9 varieties. (47)
The exterior finish is relatively thick and lustrous. The Munéell color is red, .
(2.5YR 5/8). The outer portion of the core is light red {(2.5YR 6/8).
Sandwiched between these light red layers is a very dark grey to”black zone
{2.5YR N/4-N/3). In other respects these sherds are similar to those of the F

II and F III Groups. Fabric F II includes vessels with a less intense, but

45. LRP 287-292,
46. ECMB I, 2.48.

47. All form disignations refer to the typology elaborated in LRP unless
otherwlse indicated.
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clearly disfinct zone of darker coloration. The entire clay body displays
colops of the 2.5YR.hu.e. The outer zcnes have a value of 2.5YR 6/8-5/8 which
match the slipped vessel exterior. The darker core is reddish brown, 2.5YR 4/4.
Six sherds, three of them the flaring Form 8 bowls, were assigned to this
category. The resemblance between the examples of these two groups and the
materlal assigned to the F III group suggests these are variants of the more
common category. Fabric F III is represented by cammon ARS forms witl'; the
exception of a small rounded 1id (Sample 163). The slip color is red, 2.5YR
5/8, although patches of more reddish color, 10YR 5/8-6/8, often occur. The
core displays this range of c;o;r; however, its value is meore cannonly iower,
closer to a Munsell “reading of 2,5YR 4/8. When, canpared with the subgroups
which campose Fabfic IV, the F III sherds usually have fewer wh.ite’inclusions.
This is the most cammon fabric in the sample available fram the 3rd century

loci. It could reasonably be equated with the terra sigillata chiara A group of

fabrics on the basis of the general characteri_stics already described,
‘particularly because of the more complete slip; covering. (43)

One further group of vessels from the 3rd century deposit was singled
cut. This is comprised of four Form 23 bowls and two Form 26 casseroles. These
seem to have a slightly coarser texture than the F III fabric, but their
principal distincticnl is the presence of a dark brown band on the exterior.
Although their attributes in other respects would have placed them in the F ITI
categc{ry, they were given a separate label (F IX) in order to test the

significance of this difference in mamufacturing technique.

48. LKP 288-280. I wish to thank Dr. J. Freed for assisting me by identifying
a few reference sherds for comparison with my fabric groups.
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Two groups of pottery were separéted from the material in locus 1MIZ,
the §th century deposit (See Table 1.6). These do not represent all of the
varieties found in the deposit, but they comprise most of the materiai avallable
for analysis.{49) The predominant slip color is 2.5YR5/8 although patches
occur where the color strays in value. Both the siip and the paste have colors
which match those of Fabric ¥ III. The slip is rather less glossy than what one
encounters in the 3rd century pottery. The most obvious disginction between
this material and the F III group is the lack of siip on the lower exterior

portions of the M ITI vessels.

One example of cooking ware, sample 183, was included with the other

vessels in this category. It is a trefoil lipped jug which represents the LRCW

T variety of pottery.(50) Although the slip was reduced, the core resembled
closély that of the M III fabrig. Including.this sample would permit a
camparison with the composition of red gloss pottery.

Fabric M IV shares the essential physical attributes and surface
colors of Fabric M ITII. It is distinguished from the latter group principally
by the color of its paste and by a somewhat greater number of white inclusions.
The core of the M IV vessels corresponds to’a 2.5YR 5/8 color designation,
although, same pleces fall between the 6 and 8 values.

The two principal fabrics amalyzed from locus 1N17 were distinguished
by the same criteria as those used to segarate the material from locus 1IM7.
Fabric N ITI is basically equivalent to Fabric M III; N IV matches M IV. The_

basis for the distinction is stratigraphical (see Table 1.7). As noted above,

49. A portisn of the pottery from this deposit i1s presented with illustrations
in a recent article. Neuru (1980).

50. The identification is provided along with a description arnd an
illustratlon by L. Neuru. Neuru (1980}, No. 30.
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this material-fra.n 1N17 probably includes 6th century pottery well as v&aélals
made during the 5th century. V'I‘wo unique pieces were assigned a peparate fabric
mumber, N VII. They are two thick-bodied 1ids with conical profiles and high
plain handles. A steam hoie plerces the 1id at the base of the handle. The
exterior surface of the lids has a color of 2.5YR 5/6 which contrasts with the
color an the underside (5YR 7/3). If this results from an application of slip
it is exceedingly thin. The roughness of the surface suggests that the
appearance of a slip results from smobthing or wiping the objects when wet. The
: core of the lids near the base has a color of 5YR 7/6. When holes were drilled
fo rempve a portion for analysis, they revealed a much darker core in the handle
of Sample 379. The clay in this portion was reduced producing a color of 2.5YR
5/2 {(dark dusky red). In most other respects the fabric resembles the red—gloss
pottery. _The fracture, though, is rather more ragged. Although they constitute
a very small group, they were analyzed for comparative purposes.

Essentially the fabric groups of Fabric Type III, F III, M ITI and

N IIL, correspond to the variant 2.la distinguished by the British research
team. They do not correspond exactly because a color code of 2.5YR 6/6 is
assigned to the core of the British category. This difference might arise from
alternative interpretations of the Munsell Chart, but one would need to compare
sherds to be certain of this, Fabrics M IV and N IV which constitute Fabric
Type IV apparently represent the combined fabrics 2.1b and d of the British
classification. The core colors match in both classifications as does the
aprzrent increased frequency\ of limestone in;lusions. The British system

distinguishes between matte and lustrous slip for variants b and 4.(51) This

51. ECBM I, 2.48.
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distinction did not seem applicable to the pottery analyzed from the Canadian
site. Given the variable quality of slip on individual pi and the
cbservable effect of thickness an the luster of the slip coati . this

separation seemed wmwarranted. It must be recognized that the ipconsistenciles

\

in surface color can arise quite easily ,g.n material fired at the same time, but

resting in different parts of the kiln. 1 For these reasons greater emphasis was

- placed on the coloration of vessel cores fer assigning fabric identification.

None of the red-gloss from the Canadian site can be linked to a
specific marmfacturing site onithe basis of provenience. Material from a known
production center, located southwest of Carthage, was also analysed. The
marmfactory was situated on the slope of Djebel Mahrine a few kilometers from
the modern town of El Fahs, near one of the main Roman transportation routes
along the Miliane érainage basin. Its location would have proirided equally easy
access to the Medjerda corridor which leads nortlward to Utica Cfonsequently,
the site was well suited for the distribution of its production. "E’he location
and topography of the site are described in Chapter III. Sherds were collected
during a visit to the site in 1980. Samples of clay were dlso cbtained at that
time. The p;attery was obtained from a dunp consisting entirely of red-gloss
sherds which cover the modern ground surface over an extensive area. The
deposit rests at the base of a slope near a sunken stream bed. {See Figure
3.15) This unnamed watercourse contained only shallow pools of stagnant water
in July, but proper management of this rescurce might have ensured a supply for
the pottery during the summer months. Alternatively, potting could have been _

’. -
organized seascnally. It seems there was a fairly permanent settlement at the
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site. Wall foundations cover the adjacent hillside for a distance of 50 to 100 .
meters. These have been disturbed by the blanting of trees.

Virtually nothing is known about the history of the site. The results
from a study of pottery collected during a more recernt ground survey have been
published. This has shown that a variety of platesra‘nd bowls were produced at
Mahrine. A significant number of these were -embellished with stamped
decoration. Lamps also were made by the potters who worked there.(52)
Comparison of the forms and decorative motifs with parallels fram other sites
indicates the production began during the first half ;3f the 5th century. A
gecond phase, of relatively brief dur:ation, lasted until 460 or perhaps 480
A.D.(53) _

The pottery produced at Mahrine has been categorized as t.s.c. Type
D.(54) It‘does share most of the physical attributes of the fabrics M III and
N IIT, and M IV and N IV. . The quality of the slip and paste and the fracture of
the Mahrine fabric are essentially the same. Mag\kensen reports the color of the
paste and slip at 2.5YR 5-6/8. This matches most of the s_amples examined in
this study, but the slip is by no means uniform on every plece. Mottled
surfaces appear quite frequently as they do on the Carthage material. The color
range is the same. Non-plastic material in the clay body appears identical to
that observed in pottery from Carthage. The white calciu:ﬁ carbonate crystals
appear somewhat less frequently than ﬂ:.ey do in the Carthage materiél but th'é‘r
distribution is not uniform. The black inclusions, on the other hand, are

relatively more common in several of the sherds from Mahrine. They also tend to

-

'J'

]

\
52. Mackensen (1985} 29. :
53. Mackensen (1985) 30-32.
54. Mackensen (1985) 32.
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be somewhat larger, often a millimeter long. They are ﬁot always evehly
dispersed. Other pleces with fewer black pprticles resemble the material frc:m'
Carthage quite closely. The quartz grains in these samples seem to be generally
" smaller than those seen in the Type IV fabrics from the Canadian site. Their
facets are highly reflective. This, on;::e again, produces the effect of mica.

Bhout forty sherds were collected fram the pottery dump. Over half
were rejécted for analysis because they were thickly coated with a white
concretion which could have biased the results. The original form could not be
reconstructed for many of the decorated sherds because of their size (éee Table
1.8)‘:_ Considering the range of forms identified and illustrated frc-)m the site’
(55) it seems probable that most of the unide/ntifiable samples derive from the
plates of form 61 and bowls of form 67. Although'the sl’terds are quite small,
comparing the motifs with examples illustrated elsewhere suggests the decorated
pleces may span the full chronological range of the Mahrine production. (56) On’
the other hand, none of the sherds can be positively identifled as belonging to
the flaring plates of form 104A which were pr;duced during the second phase of
operation th.ch coincided with the second half of the 5th century‘. {567)

Two of the pottery fragments, Samples 234 and 235, appear to be
overfired wasters. Their coloration is much darker, they are extremely hard and
their tone when struck a gharp blow suggests they have vitrified. 1In }addition ‘
to the pottery sherds, two small ARS lamp fragments were analyzed. The one

fragmeﬁt large enough to identify with certainty consists of a plain vertical

55. Mackensen (1985) 30, 34-36.

56. The motirs and their arrangement belong to styles A ii and A iil elaborated
by J. Hayzs, LRP 218-219, Pls XII and XTIV, although positive identification
is not poesibie in some of the smallest sherds. All of the motifs on these
samples are illustrated by Mackensen (1885) 37-39.

57. Mackensen (1985) 30.
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‘tab. or "stump" handle and the beginning of a rim decorated with relief design
too fragmentary to reconstruct. This ls a lamp of the Hayes Type IL.(58) The
other fragment preserves a £filling hole "and what appears to be a relief rosette.
Lamps of at leaet two types were manufactured at Mahrine. (59)

The final Sample (number 249) is not a pottery vessel. It is a
~ fragmentary ceramic disc which is illustrated in Eigure 1.3. The object is
u:islipped, but otherwise the clay body seems identical to tfxgt of the po:cteryu
and lamp fragments. One surface has concentric shallow groofr,es, which are

—~

identical to the smoothing marks found on ARS pottery except that these are
more pranounced. The other side is smooth. Part of.a: slightly raised ridge
survives in the center of the grooved face arcund the edge of what seems to have -
been a hole transversing the disc at its center. The function of this object is
obscure and no parallels have been found as vet. I:'E it was used for pottery
mamufacture, its small size and profile Indicate it camnot have been a mould for
the forms known ¥o have been made at Mahrine. If fitted with a handle it could
- have been used as agestle, but it would not have been very durable.
Alternatively, it niight have been suitable for pressing clay into a mould or for
bunishing vessels as they turned on the wheel. Tt would have been sufficiéntly
hard for either of these functions.

Three other groups of ceramics were submitted to chemical analysis for
comparison with the 'red—gloss pottery. The first of these included ARS lamps.
Only a small sele;:tior; of these objects was available for sampling. They were-

found in occupational debris in Hduse 2 on the Canadian site. Thelr

A,

S~

Y

58. 'ERP 311. See below for further discussion of this . type:
59. Mack8nsen (1985) 29.
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stratigfaphic context appears to be datable to tthSph and 6th Centupies.(GO)
More precise dates are not available at present. Thé lamps, designated as
ﬁabric LI, were ﬁniform in appearance with two exceptions. The fabric of this
group ‘closely resembles that of Fabric Type IV. The lamps have a thin matte
finish. Trails of slip usually occur on tﬁe interior of the reservoir wall.
The slip color, 2.5YR 6/6, is quite consistent. The cores have the same color
as fabrics M IV and N IV (2.5YR 5/6). Flecks of luster from mineral inclusions
are common and rafher more noticeable than they are in the bottery. These are
not mica platelets. Calcite crystals are abundant and often larger than one
millimeter. " ‘

Several different‘shapes are represented in the sample. They are
sumarized in Table 1.9. The.Hayes Type I category are most numercus. These
correspond to the Form 2 category of the British classification which has been
adopteé for the catalogue of this material.(61) They have pinched handles with
a central grove and a raised rim which bears a herringbone motif. Two of these,
(nos. 489 and 490) have parallel oblique lines in place of the herringbone.(62)

. .

Two samples (nos. 471 and 472) were obtained from Form 1 (Hayes Type
II) lamps. Although these sherds are quite small, enocugh remains to identify
them. They have a plain handle and a flat rim delineated by ridges.(63) Aside
from their form, their physical attributes match those of the other lamps. This

is of interest because it has been reported that there are 'chemical differences

60. Wells (1985) 12-14.
61. Hayes LRP 310-312. ECMB I, 2.237-239 and Pls 3,18-19. The lamps are the
equivalent of Type VIII C in Pavolinids typology. Pavolini (1982).

\\/62. This variant does not appear in the BrTtish classification; but there are

parallels from Carthage, LRP 311.
63. ECBM I, 2.233 and Plis 1-3; LRP 310-311. These are Pavolini's Form X

Pavolini (1982) 146-148B.
%
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between des 1 and 2 implying the use of chemically contrasting clays".(64)
It 1s unfortunate that more specimens of these two forms were not availai:le for
canparison in this study. | )

Two Form 3 lamps (nos. 482 and 485) were also assigned to fabric L I.
These are distinguished by a large relief rosette which fills the entire discus.
The sample of this fabric was completed by two-Form 5 lamps. These have a
rectangular depression in the discus.{65) -One fragment (no. 476) preserves
only a small portion of the rim, which has an egg and tongue relief
moulding.{66) The other (no.487) is a complete lamp with a square discﬁs. It
has a relatively thick slip with modeé'ate luster which tends to flake away from
the clay body This unique piece wasinéluded in the analysis to gauge the
campositional range one would expect Jto encounter in red-gloss lamps.

A selection of earlier lamps was also analyzed. The samples derive
fram the 3rd century deposit which fur?;shed ARS Fabrics F I - III. The lamps,
listed in Table 1.10, with one exception, are representatives of Type VII in the
classification of Deneauve.(67) Three fabric groups were defined on the.basis
of their physical propérties. The lamps appear to include both locally made and
imported pieces. The forms can be traced to imported lamps from Italy which
supplied Carthage until African workshnps‘began prqduction in the 2nd

céntury.(68) Numerous factories identified their wares with stamped

64. ECBM, I 2.230. Apparently 20 samples of each variety were analyzed.
Anselmino (1982) 165.

65. ECEM I,2.240 and Pls 1-2.

66, ECEM 1,2.240 and P1 5,3.

67. Deneauve (1969).

68. Hayes (1980) 63 and following note.

v
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trademarks.(69) One of the fragments analyzed preserves this feature, but so
little remains tQat it is impossible to identify the name.

The lamps of Form I A and C are thought tc be imports.(70) Seven
of these were analyzed. The other lamps represent form VII B which has been
assoclated with North African workshops. They were assigned to different
fabrics on the basis of physical properties rather than form. This seemed more
appropriate considering the obvious differences in their appearance. It also
seems .reasonable to susﬁect that moulds could be transferred between workshops.
Furthermore, lamp designs could be copied easily Ey talkidng casts. Consequently;
I included imported and "local” forms in all of the fabric categories.

Lamps of this variety were definitely mamufactured in Africa
Proconsula;isi/,A shop containing moulds and finished pieces was discovered
nearly a century ago at Carthage. Lamps of the VII B category may have been
made on or near the estate belonging to the Pullaeni family.(71) Although the
sample was limited in size, it was decided to analyze these lamps to estimate
variability within the fabrics. This would indicate the feasibility of
separating imports frem local fabrics by chemical analysis.

Fabric IMP I is characterized by a thin dark slip which does not
adhere evenly to the clay body. The suxface coloration is mottled with highly
lustrous patches which in places have a metallic sheen. The duller areas have a
Munsell éolor of 2.5YR 5/6, the lustrous regions vary in color fram 10R 4/8 té
10R 3/2. Trails of slip can be seen on the‘ihterior walls of the reservoir.

The clay bedy is hard and produces a sharp fracture. The texture is finer than

69. Deneauve (1969) 82-84, Anselmino (1982) 159.
?0.¥peneauve {1969) B82-84.
71i. Haywood (19598) 56 and 61.
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what one observes in the ARS. Nevertheless, quartz inclusions are rumerous.
These are evenly dispersed in the paste. Fine calcite grains are common. The
paste color is not always uniform but a oqloration of 2,5YR 5/8 dominates.
Decorative motifs can be identified on some of the larger sherds {see Table
1.10). ~

Fabric IMP II is represented by only four sherds. They were

" distinguished fram the other Jamps principally by their moderate luster and

color. The paste-.of these lamps has a distinct central zone; {color 7.5YR 5/6)
surrounded by layers of a lighter colof and more ;gddish hue (color S5YR 7/6).
The moderately lust‘rcus, thin élip is mottled with patches ranging from 5YR 4/3
to 5YR 4/6. ' |

The third group of early lamps, Fabric IMS IIT, have several distinct
attributes. The paste is similar to Fabric IMP II, but the color is more
uniform (7.5YR 6/4-5/4) and lime deposits are more common. A thin, relatively
uniform colored slip (7.5YR 3/0-4/0) was applied to the ;urface. ~ These sherds
are more lustrous than the ‘second group, but not as lus®rous as the first.

The groups are pyrobably too small to provide a ccmiaiete chemical
pro’file. Collectively, however, they can provide an assessment of the range of
canpositional values one might expect from these lamps. Also, by comparing
their compositions with red-gloss lamps, one could at least detect gross
differences which migt:t imply the use of alternéte raw materials in manufacture.
The obvious color differences between the earlier lamps and their ARS successors

could be interpreted as the result of different clay composition. This seems to

be the basic assumption of variocus authors although it is not always stated in

T

A\

«n
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precise terms.(72) This question could be resolved by analysis of these
lamps., |

Material from a 7th century kiln exccavated on the Canadian site
provides the one class of pottery analyzed in this study which was definitely
marmifactured at Carthage. The kiln occupied the southwestern corner of a smail
room in a series of constructions bordering the northern side of the Decumarms
VI. This area corresponds to Trench 9 which is shown in Figure 3.3.(73) The
kiln was built with clay bricks and was only about 1.5 meters wide at its base.
It appearls to be an examplé of the camon variety where pottery was fired on a
raised grate or platform directly above the combustion chambers and with
openings between the two parts. A reconstruction drawing has been
published.(74) A small pile of discarded pottery was found in the southeastern
corner of the kiln room. A few other rejects were found in the kiln
itself.(75) Preliminary examination of associated materials has dated the use
of this workshop to the 7th century A.D.(76) The full report of the excavation
has not been published.

The kiln was uéed for. firing a variety of coarse pottery. The vessels
include juglets, cups and bowls (see Figures 1.4-1.6). The pottery should
probably ‘be classed as a type of Late Rman "buff ware".(77) It may correspond

to the new category, LRCW 7, proposed by L. Neuru in a recent article.(78) A

72. For example, Anselmino (1982) 158-160.

73. Excavation was carried out by Simon Ellis who kindly permitted anmalysis of
the pottery.

74, Ellis (1985) Figure 1,

75. Personal commmication from Dr. Ellis. The material in the kiln is from
locus 93027. The rest is from the adjacent stratum, locus 9G0O15.

76. Ellis (.9385) 21. v

77. Hayes (1976) 100-102.

78. Neuru (1930).
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full description of these finds and their relationship to the other coarse wares
retrieved during the excavaticns in the northern sector of Carthage is not
poésible at this time. A study of the pottery fram these excavations has not
been completed. ~Rurthermore, this coarse ware.is part material from a separate
excavation conducted by the late Dr. Edith Wightman. Publishing this pottery
without the collaboration of those.who have inherited her responsibilities would
be inappropriate. . o

| The surface of the pottery génerally has a mottled appearance. It was
probably to have been coated with a very thin slip, but same of the sherds
appear self-slipped. The vessels show s;igns of polishing or smoothing. This

probably occurred before the coating was applied since ridges and pull marks are

‘masked by the slip. Surface colors vary. The most common ekterior hues are red-

éish vellow, 7.5YR 7/6-6/6 and 5YR 7/6. The interior surface is often much
redder (10ﬁ 5/8-6/8). One or two other tones occur in places on the same
vessel. Sharp, relatively straight fractures reveal numercus medium sized
quartz inclusions in a dense clay matrix. The paste colbr is variable but tends
to match the vessel surface. W/_hese characteristics are shared by other Roman

"buff wares".(79) The paste and color range suggest the workshop was making a

' later version of the coarse ware, Fabric 2.4 or 2.5, catalogued from the Avenue

Bourguiba Site.(80) ..

-

The three identifiable forms from the kiln material, as illustrated in

. Figure 1.4-6, have parallels in these fabrics. Tl\le trefoil juglet (Sample 402)

is well attested ‘at Carthage.(81) Complete sam;'i:{es, as yet unpublished, were

79. Hayes (1976) 100-102.
80. ECBM I, 2 11-12.

— Bl. Fulford in ECBM I, 2. 204-206, Form 10, Fabric 2.15.

1A
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found by the author in situ during the excavation of the 6th century occupation
strata of House 2 on the Canadian-éite. The small cup (Sample 403) occurs in a
late 6th century ccﬁxext.(az) The bowl, Sample 426, with a horizontal
projection below the rim is recognizable as a debased version of the flanged
bowls which have a long history in the North African pottery tradition. (83} It
should be mentioned that two of the smaller sherds, Samples 422 arnd 430, are
definitely wasters. B;th are bloated and the latter is certainly a fragment of
a vessel which exploded during firing. "

A small, undiagnostic body sherd from an unfired vessel was included
in the analysis (sample 433). Slip removed from thefsmall cup (Sample 402.) was
analyzed separately as sample'404. One fragmentary piece of kiln furniture was
recovered during excavation (Figure 1.7). The e:»cact function of the object is
obseure. It was analyzed for comparison with the other ceramics.

The sample population represents approximately 50 percent of the
material collected from loci 9G015 and 9G027 respectively: sherds from the small
dump and those found within the kiln. The thickness and shape of the pieces
chosen for analysis make it highly probable that each one represents an
individual vessel. Collectively they constitute Fabric CW I. This is (the only

coarse ware group examined. I ¥

""82. Fulford in ECBM I,2. 184-185. Form 23, Fabric 2.85.
,83. A similar coarse ware vessels was recovered by British excavators. See
ECBM I,2. 200-201, Form 11.
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'SECTION 1.3

SAMPLE PREPARATION

Aftel;' the sample population had been selected, sherds were sampled by
removing a 1 to 5 gram fraément with a commercial tile cutter. The surface of
each sample was stripped with a tungsten carbide drill bit. The sherds were
held in one hand. Rubber gloves were worn at all times. The bit and finger of
the gloves were rinsed with reagent grade ethanol between strippings. The
samples were then rinsed and allowed to socak for 24 hours in distilled.water and
dried at room temperature in covered containers. The samples were then given a
preliminary crushing wrapped in a quadruple polyethylene envelope made lby
v folding storage bags. Each sample was then transferred to an agate mortar and
ground by hard. The mortar was msr)led in delonized water and rinsed with ¢
ethanol after each sample was ground. The mortar was cleaned by grinding quartz
after each five samples had been processed. Samples were dried at 100 degrees
Celsius for 12 to ;4 hours, placed in sealed, labeled, plastic drug containers
and stored in desiccators charged with indicator silica gel.

Preparation of the samples for spectrographic analysis was
accomplished by fusion with lithium metaborate.(84) An aliquot of 0.1000 grams
of dried, powdered sample ard 1.00 grams of LiB02 were mixed in a weighing dish
and transferred to a graphite crucible. These were heated for 20 minutes at
1000 degrees Celsius in an ele;ctri& furnace. The crucibles were swirled after '
10 minu‘ées to promote fusion. The molten mixture was poured directly into a

Pyrex beaker containing about 40 milliliters of 5% HCl. The glass was dissolved

84. Felgenson and Carr (1985); Michels (1982) 115-116.
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by agitation for 16 to 20 mimutes. A few drops of HF were added during the
final minute. The solution was poured into volumetric flasks and diluted to
50.0 ml It was transferred immediately to polyethylene storage bottles. This
particular method was seiected because it permits the direct determination of
silica. The other method of sample preparation employs acid digestion with a
mixture containing HF. Silicon 1s lost through volatilization.(85) Analysis
of Roman British pottery employed this latter procedure.(86) A duplicate
fusion wvas made v;ith one sample from each batch of ten samples.

Lithium borate fusion creates a lithium concentration of about 3000
pom in the sample solution. This element enhances emission from most other
elements by a factor of 2. At the same time, it suppresses the enhancements of
Na ard K which interfere with other determinations. The lithlum borate solution
was used without any further treatment for measuring chromium abundance. The
major elemental concentrations were measured using a 10 fold dilution of the
dissolved sample in dilute HC1l containing 5000 ppm Sr. Strontium increases
ionization potential which decreases the res:lstahce to flow between the liguid
sample phase and the spectrameter flame and promotes a uniform temperature in
the flame itself.(87) ‘

The sample preparation htechnique makes it impossible to compare
pottery and raw clay samples directly. Pottery can reabsorb volatile material
when buried, increasing its weight. The most common source of this increase
results from the hydrolization of calcium axide., Reheating the pottery in the

laboratory v:11l release both the water absorbed by this process, and CO3.

85. MacLaren et al. {1981) 1802-1803.
86. Hart and Adams (1983) 179-180.
87. Feigensen and Carr (1985).
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There alsc may be ofher substances which did nbt volatilize during the original
firing, but which would be removed by the fusion procedﬁre. The effect of these
processes on sample welght is highly variable and it can introduce significant
distortions in the values obtained from determinations of chemical compositon.
Therefore, abundances were normalized. First, I determined loss on ignition for
allhpottery and clay samples following the standard procedure.(88) One to two
grams of dried sample were weiéhed and placed in porcelain crucibles. After
heating them to 1000 degrees Celsius in an electric furmace, samples were cooled
in a desiccator and ﬁeighed. The.difference in weight is reported in Appendices
VI and VIII, expressed as a percent of the original sample weight.. THese values
were used to normalize the weights of the sample portions fu%éé for DCP analysis
by subtracting the decimal equivalent éf weight lost by ignit?bn\from the pre-
fusion sample weights. Calculations of chemical abundance were made using the
eorrected sample weights. Most of the ARS lost less than 1% of its weight. The

coarse ware and clays contained significant amounts of volatile material.(89)

88. Maxwell (1968) 487-488. See also Widemamn et al. {1975) 50.

89. It would have been preferable to use these refired portions of the samples
for determination of elemental abundances. Because of the size of the
sample population the laboratory schedule necessitated two separate
operations.
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SECTION 1.4

DIRECT CURRENT PLASMA EMISSION

Elemental abundances were determined by direct current plasma emission
rs .
spectrometry, DCP, a relatively new analytical tool. (90} It has rapidly proven

to be a reliable and efficient method for analyzing a variety of materials.

Appropriate ins tatlon can accomplish simultaneous determ;nation of as many
as 24 elementéfiizi7 has made it attractive to geochemists and environmental
: scientists:(Q;%<;?he method has begun to attract the interests of the
aréfffgiggigal' mnity(82), but cother types of spectrametry are still more,
common: Pl emission is distinguished from other emission methods by thé
plasma'flame used/to excite the atoms in the sample. The flame is produced by
an electrically energized étream of argon which reaches a temperature of 6000 K.
The dissolved sample is then introduced into the argon stream as an asrosol.
The component atoms emit a spectrum of light. The intensity of emitted light is
propfrtional to the concentration of the element in the dissolved sample. This
light is passed through a diffraction grating to a photomultigiier which
converts the light to electronic impulses. These in turn are electronically
recoraed_and transformed into nmumerical values. The instrument is calibrated by
measuri?g standard solutions of known concentration. (93) The high temperature

of the plasma flame ard its stabllity afford low detection limits and a high

90. The instrumentation was made available by the Department of Geology,
University of Ottawa. I am indebted to John Loop of the Geochemistry
Laboratory for his instruction in the operation of this equipment and
for his advice and encouragement.

91. MacLaren et al. (1981).

92. Hart and Adams (1983). s

93. Feigenson and Carr (1985).
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afford low detection li;nits and a; high degree of precision. Results ofgezhm _
less variability"than those obtained with atamic absorption spectroscopy -
ray fluorescence. i

The standard solutions for calibrating the spectrometer were made from
1000 ppm Fisher Atomic Absarption Standards. - These were diluted with solutions
- containing 5000 ppm Sr and 3000 ppm Li in dilute HCl. Reagent grade HC1
{Fisher) and delonized:water were used in all procedures. Blank lithium borate
fusions were processed with' every 401 to 50 pottery samples in_:!aédition to
batches of several liters (representing 10 fusions per liter). The blanks,
analyzed by insertion at intervals between the unknowns, showed no
contamination. '

Nine elements were analyzed at the wavelengths listed in Appendix X, -_
Table X.2. Scans with high and low standards and several sample; were performed
above and below each wavelength to detect background emission. The only element
requiring a correction was chromium. A slight increase in background emission
was observed .05 mm above the wavelength. The possibility of interelement
Interference from overlapping em.'lssfn spectra was tested at each wavelength
with a series of dilutions made frdm stock solutions. Chromium and manganese
were the only elements affected. Iron produced slight enhancements. A
correction was applied to all Cr and Mn determinations using the formula:

Ca = CorrFactor ¥ CI,
where Ca is the amalyte concentration, CI the concentration of the interference
element and CorrFactor is the correction factor. The i;‘on increased chromium

values by .75 pom for every 1 ppm Fe in the sample, Mn abundances were

increased by 1.3 ppm/pom’ Fe.
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An additional correction was made to the chremium abundances for all
pottery saﬁples to account for drill bit contamination. There are conflicting
reports about contamination from tungsten carbhide b;ts affecting Fhromium
concentrations. 6né research group detected significant amounts while another
reported none.(94) Faced with conflicting evidence, 'it was deéided to test for
any contamination which could bias the results fram the analysis of ARS.  Five
-ARS sherds were sampled where no slip was present. The unslipped portions were
ground and analyzed along with drill-stripped portions of the same samples.
After analysis it could be seen that chromium deposited‘f'ro'&n the bit raised the
total concentration by ‘an average 24 ppm. . This could enhance abundances
considerably. Spectrameter readings for all samples were corrected by
subtracting the correction factor frcm the total concentration. No other
elements were affected significantly by drill bit contamination.

Three emission measurements were made for each elemental

-

de%erm}nation.;.Théir mean value corresponds to the concentration for the
samp%e reported in Appendix I-III. The results from replicate fusions of
individual samples were also averaged. Samples were analyzed in batches of 30.
These were placed iﬁ the sample tray in groups of 10 with high and low standards
between them to measure anyﬂggltage drop and to recalibrate the instrument.
Minor voltage fluctuations Weré occasionally observed. Values were adjusted in
these instances using the équation: ‘
Ccor = Cm + Cm x CF,

where Ccor is the corrected concentration, Cm equals the measured concentration

ard CF is the correction factor. The correction factor is calculated rom the

94. Attas et al. (1984) and Carriveau (1980).

—



p¥

40

8

measured ratio of the change in voltage to the original voltage, When
’ b
wvarlations above 5% were observed the results L:;e*._ scarded. After changing

RN
electrodes and recalibrating the {instrument, sampﬁs were retested,

-

Samples of three differtmt United States Geological Survey rock
' ste:ndazﬁs were dried overnight, fused and analyzed to verify the accuracy of the
determinations and to measure precisiciﬁ; Five solufions were prepared from each
standard. The fusions_ were interspersed with those of the ot'her samples, It
was decided to use three different rock standards to insure that the lithium
fusion method would provide accurate results with different n;inerals.The results
presented in Appendix X indicate' good agreement with values furnished by the
U.S.G.S. for these standards. - . |

‘ Because the rdumber of assays carried ocut for each rock standard was

small, the standard error calculatefi using the d:'lffereches fr.om the mean ix}itne
usual marmer would not pn‘rcrvide an adequate esti};sat.e,._ of pretcisicn for the entire
sample population. Consequently, an alten'ia't'ive procedﬁr;a was utilized to
measure error. This method is commonly applied to data derived from analyses of
geological samples; (95) therefore, it is appropriate for providing a more
realistic evaluation of the precision associated with the results obtained from
the pottery and clay from Carthage. | o

This estimate of standard deviation uses the equation:

g

A s? = Sz -x)? /o
where s is the standard deviation and the values for x are the abundances

derived from each pair of replicate analyses performed on a single sample. N is

95. Kretz (1984).
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the éotal mumber of duplicate analyses. The samples should have similar
campesitions.
;~ Resuits from 54 palrs of pottery determinations representing 37
separafe samplgs arnd the values derived from the 30 pairs of repiidate analyses
of the three rock standards were comSined to form %he total population of
similar samplé pairs. The appropriate Qata is presented in Appendix XI. The
pottéry samples weré all %?S, containing less than 5% calcium:(gs) Their
compositions are quite similar to those of the standards. The range of
concentratians for the major coqsfifuents 1s essentially the same in both the
pottery sampleéxand'the sfandards. Thé_variation in concentration for each of
these elements ranges from 1 to 8%. The trace element manganese is 4 to 10
- times more abundant in the rock standards and éhramium concentrations are
\approximately equivalentgin'both the standards and the pottery.

The estimates of standard deviation, sumarized in Appendix XI, vary
fran 3.5 % to 8.8% of the average abundance for the major constituents. The
" precision of the manganese determinat}ons is 9.0%. These standard deviations in
general are comparable to those reported in other pfovenience studies. (97)
Values of 10 to 15 %, for example, were assigned to data from the neutron
'activation analysis of black-gloss pottery from Carthage.(98) The calculation
vielded a value for s df 23.4% for the chromium assays. Although considerably

higher than the other deviaticns, this value is consistent with the precision

for chromium analyses reported in the literature,(99) Essentially, the

96. Paired determinations of pottery samples made with calcareous clays.were

' not utilized in this calculation because they contained ten fold gréater
quantities of calcium, a major constituent, than the rest of the samples.

97. Tite et al. (1982) and Hatcher et al. (1980) provide comparative data.

98, Pike ard Fulford (1983} B2. :

99. Values of s of 17-20% are reported for chromium. Hatcher et al. (1980) 137.
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calculation of standard déviation revealed an acceptable degreg of precisi;;\§6§
the laboratory techniques employed to analyse the pottery from Carthage. It
should be noted that the detection limit of the DCP spectrameter was sufficient
to provide chemical abundances in four significant figures for several of the |
constituents assayed fdr this study. However, confidence limits of 95%, based
on the estimated standard deviations, éo ﬁot permit reporting the results with
such a high degree of accuracy. The concentrations of chemical constituents,
%resented in the’?Lpendices, reflect the limits imposed on the data by the

evaluation of precision.

JY’
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POTTERY FABRIC DESIGNATIONS AND CHRONOLOGIES

BRS * ' PROVENIENCE '
POTTERY  FABRIC  FABRIC DISCRIMINANT  [CANADIAN APPROXIMATE
TYPE TYPE GROUP CODE ++ SITE LOCUS CHRONOLOGY
' A B NUMBERS ] {Century 2D)
A III FI 41 . oF 32-36 ard
F 1
R III F II 42 : 2F 32-36 3rd Y
L | .
C TII F III 43 3 oF 32-36 ard
A S
N . EEE F IX 49 2F 32-36 =
R III MIII = 53 iM 7 . 5th\J
E
D W ~ MIV 54 M 7 5
S III N III 63 AN 17 Sth - 6th
L . . - :
I v N IV 64 1IN 17 _ 5th - 6th
p .
Xk N VII 67 ' . 1IN 17 5th - 6th
k¥ MA IA 30 5 MAHRINE  5th
ks MA IB 13 MAHRINE 5th
ARS LAMPS xxx LI 70 7 HOUSE 2 6th - 7th
CANADIAN SITE -
BUFF SR W I 80 # 9G 015 & 027 Tth
COARSE :
WARE - x CW II 81 # 9G 015 & 027 Tth
*x IMP T 91 # 2F 32-36 ard
" TTALIC" : ‘
LAMPS Aok ok iMp II- 92 # oF 32-36 3rd
Kk x IMP III 93 # 2F 32-36 ard

*  The main "Fabric Types" are described on pages 11 to 22.

*** Not assigned to one of the the main ARS "Fabric Types".

++ Numerical codes used to identify fabrics for discriminant analyéis
A = code for analyses 1 and 2 (Appendices I & II)
B = code for analyses 3 and 4 (Appendices III & IV)

# Single discriminant analysis: Appendix V
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TABLE 1.5
CATALOGUE OF FORMS
SAMPLES FROM LOCI 2F32-36

SAMPLE FABRIC '
NUMBER . ORIGINAL FINAL+ = FORM++
126 F III # 10/Rim
127 F III *x 10/Rim

. 128 F III # 10/Rim
129 F III *% 10/Rim
130 F III # 10/Rim
132 _ F III # 10/Rim
133 F III o 11/Rim
134 F III # 34/Rim
135 ' F III # 34/Rim
136 F III , # 9/Rim
138 . FI ¥ . 9/Rim
139 F III # - 9/Rim
140 F III # 9/Rim
141 .+ F III # 8/Rim
142 SLIP (141) . R
143 F I . xx 8/Rim -
144 F II F III 8/Rim
145 FI F IX 8/Rim
146 F III # 10/Rim ‘ v
147 SLIP (146) |

+ Assigned by 2nd Discriminant Analysis. # Unchanged. **nassigned.
++ All form designations are from LRP unless marked F = Fulford in ECEM I,2.

g

J

-

w./
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TABLE 1.5 cont.
SAMPLE
- NUMBER
148
150
151
152
153
155
157
'155
159
160
161
162
163
164
167
168
169
} 170
171
172
175

176,

45

SAMPLES FROM LOCI 2F 32-36

FAERIC
ORIGINAL FINAL+
F II *#

F II #
F IT #
F II #
F ITI **
F III *x
F III #
F I #

« F III C#

SLIP (159)

F III 7t

F III *x

F III #

F II *x

F IX %

F IX F III
F IX F III
F IX *k

F IX #
F‘IX F III
F III *x

F I1I #

FORM++
8/Rim

8/Rim

c‘_
(

T

3C/Rim

3C/Rim

6A/Rim

Closed?

22/Rim

Closed (F-227)

Closed

- Body

Body

Lid

?

23/Rim *
23/Rim
23/Rim
23/Rim
27/Rim
27/Rim
3C/Rim

3C/Rim

+ Assigned by 2nd Discriminant Analysis. # Unchanged. **Unassigned.
++ All form designations are from LRP unless marked F = Fulford in ECBM I,2.

-

4
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;i\
‘ SAMPLES FROM LOCUS 1MZ

SAMPLE . FAERIC .
NUMBER ORIGINAL FINALA+ FORM ++
179 M III % 93
181 M IIT xx 91(N-17)

) 182 M TV o 80(N-3)

) 183 M JIV *x Jug(N-30)

(LRCW I)

184 SLIP (183)
185 M IIT # 99
186 SLIP (185) (Oudna?)
187 M IV e 67
188 M IV N IV 1657
189 M IV *x 91
191 M III N III - 91 .
193 M IIT N III 61++
194 M IV # 91 -
195 SLIP (194)
196 M III # 91

+ Assigned by 2nd Discriminant Analysis. # Unchanged. **Unassigned.

++ All form designations are from IRP unless marked F = Fulford in ECBM I,2.

e
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SAMPLES FROM LOCUS 1M7

SAMPLE FABRIC ,
NUMBER ORIGINAL FINAT+ © FORMt+
197 wxv . MIIx F-39
198 M II M IV . 91 X
199 M IIT- ** 67
)
200 M III \ o 61/87++
201 M IV ! N III 61/87++
202 M IV o 7?7 (Stamped
Grille Motif)
203 M IV # 80
204 M III *x 80
207 M III N III 75
210 M III - N1V 70var (N-13)
211 M IIX *% 61/87
212 SLIP (211)
\
213 M IV o 80(N-1)
215 M III # 12/102
216 M IV N IV 12/102(N=9)
+ Assigned by 2nd Discriminant Analysis. # Unchanged. **nassigned.

++ All form desigmations are from LRP unless marked F = Fulford in ECBM I,2.
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: 'CATALOGUE OF FORMS |
SAMPLES FROM LOCUS 1N17

SAMPLE FABRIC FORMH+ &
NUMBER ORIGINAL FINAL+ DECORATION
250 N IV # F 111/112
251} N IIT *x 737
1252 N IV N IIT 1077
253 TN III # 76
| ' 255 N III ¥ h # 61B
356 SLIP (357)
357 N IV N III 61B
358 N IV o 61B
359 N III N III 61 7/ Grille,
Fringed Circles
362 N III N 61 ?/Concentric Circles
Palmettes
T 363 N .'EI’I‘ ok F 111/112 2
364 N III # 76
/"/ B .
36_5 !..a' N IV ¥ F 111/112
366 " N III s 6248
367 N IV # 80A
368 N III # 80A
370~ | N IV # 81B - .
* 371 N III # 80B
372 N III # 76 var -~
373 "N III # 59

A

+ Assigned by 2nd Discriminant Analysis. # Unchanged. **nassigned.
++ All form designations are from LRP unless marked F = Fulford in ECBM I.2.



SAMPLES FROM LOCUS 1IN 17

SAMPLE FABRIC FORM++ &
NUMBER ORIGINAL - FINAL+ DECORATION
374 N III *x 61 ?/Clover leaf
375 ' N III NIV  Juglet (Handle)
376 NIIT ** 81B
377 . NIV S 63
318 '\/\ N VII # Bell Lid
379 N VII # Bell Lid
380 : R 1v ) # 91A/Feathering
381 SLIP (380)
382 N III ‘ * ¥ 91A/Feathering
383 N III ok 91A/Feathering
385 SLIP (386)
386 N III # 91A/Feathering
387 N IV # «— 91A/Feathering
388 N III # 91A/Feathering
389 SLIP (388)
390 N ITI S 91A/Feathering
© 391 N III # .57
392 N III *x -67
393 N IV ) # 91 var
394 N IV L # 70 var
395 J N IV # 80B 4
396 N III # 81
e
398 N IIT # 59
399’ N IV ¥ 62A

+ Assigned by 2nd Discriminant Analysis. # Unchanged. **Unassigned.
++ All form designations are from LRP unless marked F = Fulford in ECBM I,2.
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TABLE 1.8 50
CATALOGUE OF FORMS ’

SAMPLES FROM MAHRINE

SAMPLE FABRIC FORM++
NUMBER ORIGINAL FINAT+ {AFTER LRP) DECORATION
226 MA I *x 59/Rim+Body” Vertical
{waster) Grooves
227 Ma I\ . FE ' 59/Rim Vertical
) . Grooves
228 MA I A% 61/A ?
/t s 229 MA T *% 59/Rim ?
230 MA T * 67/Rim ?
231 MA T ' # Tab Handle 2
- Lamp/Type III
232 Ma T # 67 ? Grille
Floor
233 CMA T *x 67 7 Palmette
Floor Concentric
’ Circles
234 MA I *% 6'}/Rim ?
235 MA T ** 59/Rim ?
236 MA I *x 91/Rim Feathering
‘ Body Black
Exterior
237 MA I * . 91/Rim & Peathering
" Body Black
Exterior
238 MA I ’ =% 59/7 Grille
239 MA I * % 67 ?/Body Palmette &
Concentric
\ Circles
240 MA T # 59/Body ' Clover
Leafs &
Concentric
Clrcles

3

+ Assigned by 2nd Discriminant Analysis. # Unchanged. **Unassigned.
++ All form designations are from LRP uniess marked F = Fulford in ECEBM I,2.



TABLE 1.8 cont.

. 51
' SAMPLES FROM MAHRINE
SAMPLE FABRIC (/’ FORM+
NUMBER ORIGINAL ~  FINAL+ = (AFTER LRP) ° DECORATION
241 MA I # 67 7/Body Rouletting
1242 . MA I # 67/Body Palmettes &
' . ‘ Clover Leaf
243 MA I # 7 /Body Palmette
244 MA I # ?/Body Palmette &
. Concentric
e Circles
Black Body
245 MA I # ?/Body Concentric
Circles -
246 MA T # ?/Body Concentric.
Circles
247 MA I # Medallion Heart.
(MacKensen
157)
{ 248 MA I # « Lammp Relief
Rosette
X 249 MA I * K Mould? ?

+ Assigned by 2nd Discriminant Analysis. # Unchanged. **nassigned.
++-Al11 form designations are from LRP unless marked F = Fulford in ECBM I,2.
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'TARLE 1.9

SAMPLE
NMBER

471

472

475
476

471

478

479

482

485
487
488
489

492

Form 1
Form 2

CRIGINAL

LI

LI

LI

L I

H
H

FINALA+

#

N III

*x

**

¥

N

M IiI

*x%

#

N III

ECMB I, 2.1
Plain Handle
Grooved Handle

FORMH-+

1

CATALOGUE OF ARS LAMPS (FABRIC L I)

DECORATION
Rim, Rosette Triangle
Rim, 7

Discus, Chi Rho
{Reversed)

:Rim, Hefringbone

Rim, Egg and Tongue
Rim, Herringbone
Discus, Chi Rho
(Reversed)

Rim, Herringbone
Discus, Chi Rho

Rim, Herringbone

Rim, Obligque Ridges
Discus, Rosette

Discus, Rosette
Square Discus
Herr%bone
Oblique Ridges

Oblique Ridges

+ Assigned by 2nd Discriminant Analysis. # Unchanged. **nassigned.

(
\
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TABLE 1.10 . 53
‘ CATALOGUE OF LAMPS
SAMPLES FROM LOCI 2F32-36
SAMPLE FABRIC DENEAUVE DISCUS & RIM
NUMBER ORIGINAL FINALA TYFE DECORATION
434 IMP I # VII A/C ?
438 .. Y eIz # Xc
439 IMP I # VII B
14
440 IMP TII # VII B
445 IMP II # VII A
446 =~ IMP II # VII A
449 IMP I # ViI A
451 IMP IIX ' IMP IT VII B :
452 IMP III # Vi1 B
453 M I ‘ # SVII D Grape Leaves
@ } - Rim
454 IMP I IMP II Vil A ]
455 IMP I # VII A
458 IMP III *k VII A Palmettes &
Wreaths -
Discus
{Deneauve no.
792) ,
// ' 461 . IMP III e 1T NI A Bust of Helios
. . . . — Discus
' (Denéauve no.
705)
457 IMP I " # . VIIA Bust of Helios
? Discus
463 IMP II : IMP III VII B
267 IMP IIT .# viI A Palmettes &
v Wreaths -
Discus
(Deneauve no.
792)

+ Assigned by Discriminant Analysis. # Unchanged. **(Jnassigned. —



TABLE 1.11

CATATOGUE OF COARSE WARE (KILN GROUP)

SAMPLE NUMBER/ SHERD TYPE
FINAL FABRIC+ '

402 / OW IB
403/ CWIA

404 / CW IA®

2 405 / CW IB

™ 406 / oW IA

407 / CW IB

408 / CW IB

409 / CW IB

- 410 / CW IB
411 / CW IB

412 / CW IB

413 / CW IA

414 / CW IA

© 415 / CW IA:

416 / CW IA

417 / CW IA

418 / CW IA

419 / CW IB
420 / CW IB

Juglet/Rim and Handle
Cup !
SLIP (403)
Juglet/Rim
Juglet?/Rim & Handle
Cup?

Handle

Handle

Handle

Handle

Handle

Body Sherd
Juglet/Rim
Bowl?/Body
Juglet/Upper Body
Body Sherd

Juglet

Bowl/B’ase

Juglet

LOCUsS

PYGO15

L

+ Assigned by Discriminant Analysis.

)

=



TABLE 1.11 cont.

5

SAMPLE NUMBER/

'FINAL FABRIC+

/ 421 7/ CW IB

422 / CW

423 /.CW
Lo

424
426
427
428
429
430
4::31

433

/
/
/

/
/

CwW

8 8 8 8 2

=

L
COBRSE WARE (KILN GROUP)
SHERD TYPE ) LOCUS
Body Fragment 96027

IB

IB

IA

1A

IA

Body Sherd (Bloated Waster) “
Bowl/Plate?/Base "
¥Kiln Furniture Fragment o
Flanged Bowl ' o

Straight Handle "

Body Sherd 9GO15
Juglet/Base i 2G027
‘Body Sherd/Exploded oo
Wa_ster

Jug?/Body Sherd . om

Body Sherd (unfired

+ Bssigned by Discriminant Analysis.
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FIGURE 1.1
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FIGURE 1.4
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FIGURE 1.5
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’ SECTION 2.1

CHEMICAL COMPOSITION AND ARS MANUFACTURE

N N

“~

‘ Results from the chemical analyses of ARS are presented in Appendices

VI and VII. CGCenerally, the abundance of chemical constituents is comparable to
by

- that observed in other varieties of pottery made in the Mediterranean region

during the ciassical period.(100) The ARS does contain more silica than the

I
Roman red-gloss pottery mdde at the major workshops in southern Gaul. At Ia
Graufesenque, for example, the mean silica concentration was 52.7%. (101) The

various fabrics analyzed in this study had about 10% more silica. Presumably

fhis results from the relatively larger amounts of non-plastic material in the

pottery from North Africa which is immediately obvious when viewing sherds
originating on either side of the Mediterranean.(102) Adding temper to the
paste could augmént silica levels, but we do not know how the potters prepared
their ciay. The abundant mineral inclusions in ARS might reflect incomplete

purification of the raw materials they used. This is an attractive explanation

since the local clays generally contain much quartz sand_in addition to other

mineral impurities. (See Chapter III.)
Possibly the ARS mamifacturing technique demanded a well-tempered
paste. Unlike the Samian from Gaul, the African red-gloss vessels are not

heavily'decorated in relief moulding. It has been pointed out that several

100. Banterla et al. {1973), Hatcher et al. (1980) and Pragg et al. (1974).

101. Picon et al. (1975) 194. Similar values are reported in the other articles
published by the Lyon CNRS personnel. See other articles by Picon.

102. I wish to thank C5lin Wells and Dr. D. Brearley of the University of
Ottawa who provided examples of Samian ware for examination.
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»

African forms must have been produced by using moulds.(103) There are also
'reports that moulds have’been found at.manufacturing sltes such as OQudna. A
fragment of a mould was also recavered from the Canadian Theodosian Wall site,
but it has not been published.(104) The fact remains that with a few exceptions
‘tﬁe decoration of ARS is more rudimentary. Some of the ARS vessels from
Carthage deposits show signs of being free thrown. If moulds were not used as
extensively to form ARS vessels as they were in the Samian workshops, it~hight
have been necessary to use a stiffer clay for raising vessels on the wheel.
Until more is known about North African production methods, these possibilities
cannot be evaluated effectively. - P
One othef,chemical component needs to be considé;ed for what it can
tell us about production technigques. The low calcium oxide concentration (1-2%)
of the ARS is of particular interest when comparing the North African pottery
with the Roman red-gloss fabrics of Italy and Gaul. The elemental abundances of
calicium indicate the ARS was made from siliceous clays. In contrast, the Samian
produced by the major workshops in Italy and by their offspring in the European
provinces ﬁgs made with calcareous clays. Such clays contain at least 10% Ca0
and often much more.(105) It has been observed that some local prodqcers in
Europe attempted to "imitate" * Samian ware with clays containing relatively
Jlittle calcium. The reliance on calcareous clays, therefore, is not

coincidental in the mamufacture of the principal Samian fabrics.(108) Why they

preferred pastes of this composition is not clear, (107) Potters deliberately

103. LRP 295.

104. A personal commmication from L. Neuru.

105. Picon et al. (1971}: and other articles by Picon.
106, Picon et_al. (1975,

107. Widemamn et al. (1975} and Tite et al. (1982) 119-120.
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chose to use raw materials with elevated calcium levels. How they made their
selection is discussed elsewhere. For the moment we need omly consider the

o3

disparity between the camposition of ﬁRS from Carthage and the red-gloss pottery
made in other parts.of the Roman world. ' _ I
In contrast to the African red-gloss pottery, the 3rd ceﬁtury lamps
analysed in this study displa§ a definite link with the calcareous paste
tradition. Imborted lamps of the same basic design suﬁpliéd the markét at
Carthage for most.of the first two centuries after the foundation of the Roman
city. Then local mamfacturers captured the market.(108) The chemical
abundances from the present study show that the producers of African buff-
colored lamps adopted their preference of clays along with the basic forms ard
decoration used in the imports. They also kept the practice of identifying
their wares with stamped trade marks. These lamps were supplanted by the red-
gloss variety. .
Local production of the "Italic" type with calcareous pastes
apparently exerc;sed little influence on the production of African Red Slip
lamps. However, Ca0 abundances as high as 6% were detected (sample 482) in the
ARS lamps from the Canadian site.(109) This is well below the 10-33% range
comnonly found in Samian ware, but there may have been potters at Carthage,
originally trained in the Italic lamp traditipn, who used calcareocus clays to
make red-gloss lamps in Africa, in response to the increased popularity of ARS.

Further research is warranted to determine when the ARS lamps with elevated

108. Deneauve {1969) 82-84.

109. The sample population of ARS lamps did not include all of the fabrics
recovered from the Canadian excavations. Some of these may be made from
even more calcareous pastes.
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/
calcium concentrations first appear and what ﬁroportion of the production they

4
represent. ! ‘

| Red-gloss pottery was made in vast quz;x;tities during late Hellex;istic
and Roman times at various locations in the Eastern Mediterranean. These
fabrics have yet to be investigated as thoroughly as the Samian ware of the
western provinces. What has been identified as "eastern sigillata” was
recovered at Bengazi (anclent Berenice) on the Libyan coast. It has been
analyzed by atomic absorption spectrometry. The results indicate a calcareous
clay was utilized which vielded concerxtratioﬁs of Ca0 from 3 to 10% in the
ceramic. (110) E:xaminatidn of any red-gloss pottery produced there during the
Roman era is needed to elucidate the role of calcareous clays in the local
pottery technology. |

Black-gloss pottery was produced both from calcareous and from non- .

calcareous clays in various parts of the Mediterranean.(111) The frequency
with which certain varieties occur at Carthage suggests they were made there or

produced elsewhere in Africa Proconsularis before the Roman t.(112) It

would be necessary to examine carefully Punic pottery from the reg to

establish how long the relilance on siliceous clays prevalled in Neorth Africa.

investigated in this study;(113) and the results do not help to determi :
calcareous or siliceous clays were employed for produéirmg black—gloss qt/

Carthage. e

110. Hatcher (1980) 150.

111. Plcon et al. (1971).

112. Morel {1986) describes two fabrics which are probably made locally.
113. Pike and Fulford (1983). ‘

wv-
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East éf Carthage, black-gloss workshops at ancient Berénice apparently
relied on calcareous raw material. Black-gloss pottery fram excavations at
Bengazi consists of geveral différeq? groups identified by principal éomponént
analysis. The most, cammon variety on the site con}ainéd an average of 13% CaO.
The minimun obse in the 10 fabrics was>6%.(;14) If .any of these représents
local production, the use of calcareous clays for table ware manufacture in
Tripolitania is confirmed. ‘Until more complete analysis of black-gloss fram
Carthage is avallable it is impossible to know whether the same pattern of high
Ca0 abundance prevailed further west. There are, of course, other varieties of
Punic ceramic objects.which might have been made with noncalcareous clays, but
‘until Punic material fram Carthage has received further study, the role of
calcareodus clays in the pre-Roman pottery traditioﬁ of North Africa cannot be
evaluated fully.(115)

One exception to the choice of calcareous clays for red-gloss
manufacture is found in the first Century A.D. "imitation Samian" produced at
Lezoux, east of Lyons. The Samian from this period contained a range of .95 to
2.8% Ca0, and the local coarse pottery contained equivalent amounts.(116).
Analyses have detected a s;gnlflcant difference between the ‘initial output and

the materials utilized for the later products from th;“\éenter By the 3rd

century A.D., clays vielding concentrations of 4 to 16% ?ao in the finished

114. Hatcher et al. (1980).

115. It is interesting to observe that the concentration range of Ca0 in the
black-gloss is similar to the amounts of this constituent occurring in the
red-gloss pottery from Bengazi. Perhaps this is merely a coincidence, but
it would be interesting to explore the relationship between locally made
pottery from this site and the imported fabrics to determine whether or not
immigrant craftsmen were active in the production of red-gloss pottery in
this part of North Africa. Roman coarse ware from Bengazi has been analyzed
but Ca0 abundances were not determined. Krywonos {1980).

116, Picon et al. (1971).



ceramic replaced the siliceous clays which had been utilized during the initial
period of activity at this site. Conversely, the coarser varieties of pottery
contimied to be made with réiatively ﬂonrcélcareous clays. Mamifactories at
several locations in Eastern Gaul also m;EF Samian ware from siliceocus clays
after the 1lst century.(117) ’

It would be urwarranted to assume any direct connection between the
preference for silicecus clays at these production centers and théZigpice of
clays by the potters 6f Africa Proconsularis. It is, of course, duite possible
that some artisans made their way to Carthage from Gaul. If this had occurred,
one might reasonably expect to find similarities between the shapes and
decorative techniques used at Lezoux, Lyons and elsewhere and the matefial from
Carthage. The forms adopted by the producefs of ARS évolve independently after
the 2nd ceﬁtury. The typology of ARS does not suggest the African workshops
were transplanted from elsewhere.(118)

Clearly, the use of siliceocus clays for ARS mamufacture implies the
African industry was ﬁbt instituted by potters familiar with the technicues used
for making Samian wapes. At least the artisans mak; ARS seem to have been
unaware that tradition and experience dictated tﬁé‘éhoice of calcareous clays
for Samian preduction. European Samian made w%%h éﬁch clay displays lustre andfqﬂ
hariness of superior quality when compared Gggh most ARS. It is hard to imagineg
that anyone familiar with the clays needed to achieve this quality would not
exploit calcarecus clays if they were available. The potters at Carthage and at

other sites in northern Tunisia did have a choice in the varieties of clay

.~

117. Widemann et al. (1975) 195-197.
118. IRP 15,
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available to them. The clays analyzed in the course of this study leave no

doubt about this fact. Calcareous clays were readily avafiable for making ARS.
Nevertheless, one could argue that the initiators of red—gloss ?/A

manufacture in North Africa were aware of the potentially better results

obtainable with calcareous clays, but other circumstances such as land use may

have prevented access to appropriate clay beds. ‘Such factors might have forced

potters to use a less ALsirable clay for their red-gloss vessels. This argument

carries little welght. The analysis of coarse ware and lamps from Carthage

discussed in this study has established that calcareous clays were erploited by

local potters. It is perfectly reasonable to assume that such resources could

have been utilized for ARS production if the potters had wanted to use them.
Eamination of some of the sherds from Carthage which were analyzea in

this study suggests still other differences between the techniques utilized

for the Samian industry in Europe and.methods associated with the red—gloss

trédition of North Affica. This supports the contention that thé availability

of resources was not Ese determinant factor in the selection of siliceous clays

for ARS manufacture. . ‘ o
The ARS sherds of Fabric Types I and II which displayed partially

reduced cores are pa’gg;ularly informative. The cores contrast sharply with

the well-oxidized exteriors. Because iron is the colorant‘in ARS, this ( \NL

combination presumably results from a two stage firing. Reducing conditions

would have been maintained during the initial stage, oxidizing conditions would

have been required during the final stage to produce the red surface coloration.

Numercus studies have investigated the behavior of iron compounds in fired clay.
S g 2
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A-brown or black color is produced fram ferrous iron compounds, while ferric

" - w

oxidé“pféducés the bright red coloration of the surface.(119) The dark zones
found in the cores of the Type I and Type II ARS sherds indicate that the final
oxidizin; phase of firing was not always maintained long enough for ccmp;eﬁe
conyersion'of the iron in the clay body to its red oxide. In some casés the
interior might have been“shielded'f;om ccmpiete axidation by the slip, but this
needs further investigation.

The Samian manufactories iﬁ Gaul took advantage of an advanced
pyrotechnology to obtain the desired colofation of their productg,afSeveral
kilns in which Samian was fired havg been excavated_at different locations.
These installations consisted of two superimposed chambers. The raw pottery was
stacked in tﬁe upper compartment. The fuel wa; barned in the lower one. A
system of vertical flues which passed through the kiln chamber vented the fire
box. Heat rising through these chimnevs<heated the pottery by convection. The

.principle is precisely the one applied in Roman bath buildings. The kiln design
pr;moted even heating of the pottery. Furthermore, because smoke and scot were
discharged from the fire box through the vents, they did not come in contact
with the potiery. These combustion producté create the conditions which turn
iron oxide blacgﬂ-—Bx\isolating the pottery from such reducing agents, this
ingenious arrancement-insured the pottery would derive a uﬁiform Qed colof from

the firing.(120) .

119. This alteration in the kiln atmosphere between reducing and oxidizing
enabled Greek potters to achieve the polychrome eﬁ;ect_on black-figure and
rad~figure pottery. Farnsworth (1963) and (1970); Bimson (1956); Bestwick
and Smith (1974); Picon (1973}). :

120. Vgrnhet and Balsan (1975) 24-27; Hull (1963); Peacock (1982) 72. An
excellent series of photographs and drawings of Samian kilns is provided by
Réutti (1984). Vernhet loc.cit. noted that sherds with partially reduced

“cores, similar to ARS Fabric Types I and II, are reported from Samian

/



There is no evidence that kilne of this type'egisteo ax Carthege.
Several kilns are known within the'area,ibut they a;l:belong to the common
Mediterranean variety. These had raised firing ‘chambers with perfo@_;floors
which exposed the pottery to gases and fly ash frdm the combustion of fuel
placed in the compartment below. (121) There are severalvnndocumented kllns of
this type in the heart of the city which I was able to 1nspect In addition to
_ the 7th centunyt»coarse ware kiln on the Canadian site a very large installat:.on
% £ apprommately the same date was located near the coast within the city
' l"mits. (122)’ A very well preserved furnace of 5th century date has been

Y . .
~“Bublished in detail. Its precise function remains unknown. {123) 1t should he

<

e

-

.mentioned that a visit to the/ site of Tiddis permitted mé to examine kilns used

| to produce ARS.(124). None of thert resemble Samian kilns known from sites in
ul and Britain. Althofxgh scme doubt remains, the evidenc® favors the
_ conclusion that ARS was made in the simpler type of kJ:.ln. Tge generally
consistent results, achieved without the rﬁdre advanced technology possessed by
their European counterparts, inspires admiration for the skills-of the African
\

. . . \ e «
The mmber of Type I sherds identified in this study}r}'epresents a
" 9 ) - .

small fraction of the total sample population. Consequently, it is possible

potters.

- that mcn;e “than one technique was used in ARS marufacture at Carthage. Once

manufacturmg sites in Europe They were produced by worlcshops 3nak1ng
"imitation" Samian w;Lth siliceous clays.

121. Cook (1961). ' ' *

122. The author has :Lnspected the kiln which is adjacent to the Dermech
Basilica.

- 123, Senay andBeauregard (1980) 90-93 and Plans xvi, xviii and xootd.

124. The kilns have not been published in detail. Bertier (1972). 'The trip to
Tiddis was made possible by the generosity and perserverance of Dr. Colin
Wells. I am deeply gratified that/he was . willing to endure the difficulties
and discomforts of this voyage.

L 5
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again: the answer to this question will require locating workshops and analyz-

'ing their products. Until material fygm known manufacturing sites elsewhere in
North Africa is examined ifi the.laboratory it cannot be assumed that all ARS was

prodquced in a different manner from the Samian made in the European -provinces.

-

The presence of black bands of slip on the exterior of scme Form 23
ana Form 26 vessels (Sée Figure 2.1) deserves special conslderation. The black
bands indicate that reducticn conditions w;re employed in the mamufacture of ARS
and they suggest at least two diffgrent firing cycles were used. Form 23 plates
have slipped red interior surfaces. Most of the exterior is also oxidized. The
;educed areaé show a gradation in color. The tone is darkest at the rim near
the top of the vessel wall., Below this is a thin matte band wiiich mgst have

been produced by the lip of another vessel, stacked below the fir$f[J%here it
Y. - : ) :
N . Sl ' R
rested against the 'surface during firing.(125) The matte black ring is followed

by a lighter zone of color which ends with an indistinct edge. - There seems to
be no’élip where the dark band appears, but it would be desirable to confirm
- this observation with a'microscopic examination.

The presence of black bands is probably not the result of &

Ty

‘carelessness. (126) It is more reascnable to suspect that for whatever reason

the potters wished to produce these forms with a polychrome surface, The color

-~

scheme was probably obtained deliberately from a two stage firing or perhaps a
¢ -

: /
125. Mackengen (1885) 34; Fig. 4. Wasteps from kilns excavated in various parts
of the Roman world protve that thig method of stacking pottery was very

common. Illustrations of such erial from the Samian manufactory at La
Graufesenque are provided by Ve et 1 Balsan (1975) 27. See also
Labrousse (1975) 61. Samian kilns at Eheinzabern were charged in this
fashion; Reutti (1984) 23;Abb.18. N :
126. This is the suggested explanation for phencmenon. LRP 47. Form 181
\~§~fwhich is related directly to form 23, (qr be a coarser version of the
"™ same form), also has thegblack bands onithe exterier which have been
attributed to "irrequler firing conditions in {the) kiln." LRP 200,
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secord firing altogether. The cores of the Form 23 and Form 26 vessels examined
for this study are well oxidized. This indicates that reductlon took place

[N

during the final phase. The red color of the interior slips on these vessel . \)
forms alsS supports the assertion that the polychrome effect did not result froy
;
an initial redquction firing followed by an ox:Ed;{zing phase; the combination
which was used to produce Greek polychrome pottery.
ThesuccessoftheGreekmethoddependedonproducingareg C
partially vitrified slip during the penultimate firing phase. The a n rich %*
sl;{p” turned black under reducing conditions. The temperature was su]fficient to )
sinter the surface of this coating. When the kiln atmosphere was alltered by
admitting oxygen during the £inal firing pﬁase, the slip was protected from
oxidation by its sintered surface and remained black. In contras‘i't, the
unslipped portion of the vessel turned red as the iron in the body was

oxidized. (127)

s

s

- TheretyrocessmusthavebemusedtomkeFomzaarxiFomzé

. plates. In fact, several common unslipped cocking ware forms have such

partially reduced surfaces. If a reducing atnpfphere .had preceded axidation, as

in the Greek method, the slip on jthe’intgarior o;‘ the ARS vessels would have

tui'ned black. As 1i'lin:;‘cecfl, this would probably have bheen irreversible if the alip\\
vitrigied. (128) it appears these ARS plates were irlitially heated under =

oxidizing conditions which prodiced the red color of their interior slips and -

_ )
cores. QT\ | ,;

127.”See~above: note 118. _

128.- A microscopic examination is required to confirm the supposition that ARS
‘slips have sintered. It is.likely they did beciuse slips made from
» siliceous clays sinter easily within the temperature range which ARS

firings wpudd have achieved. The behavior of siliceous slips has been
" examined Fecently by Tite et al. (1982) 118-119.
' 3 \"\ ‘ :J ,
- N z
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If the final pbase of firing was 6arried out under reducing conditions
a further difficulty would have to be surmounted. The remaining unslipped
portion of the exteridr uessel wall was also red. This would not be the case if -
the pottery was completely reduced. Thé solution to these conflicting demands
may have depended upon the method’ of stacking the plates in the kiln. When
these vessels were placed one inside of the other only the rims of éach plate
vgﬁld have been directly exposed to the kiln atmosphere. This exposed area
would correspond to the area of black ceoloration. If tﬂe pottery was thoroughly
oxid{zed during the initial firing p%ase, a red clay body and slip would result.
If reducing conditions wérg then\created, unslipped portions would turn black.
The portion of the wvessel exterior covered by the vessels stacked below and
within it, could have been sufficiently shielded to remain oxidized during a
brief reduction phase. -The protriding portion of the vessel, exposed to
reducing gases, would have changea color producing a black band. Success would
bave depended on careful gontrol of the kiln atmosphere at all times.

This proposed reconstruction may not‘correspond in full detail to the

method which gﬂéﬂﬁotters adopted. But it dees coggorﬁxto the behavior cne would
; :

expect from’{he various components‘ﬁg these basic procedures were followed.

" Experimental confirmation would be required to verify the results. What is

indisputable from considering the manufactug? of the plates, is that reduction

firings were used by the potters at Carthage who made ARS. -

The fifﬁng cycle proposed for the marufacture of Form 26 plates is
precisely the qpp&site of the one apparently used to produce the most common,
monochrome red, ARS.- Thé evidence suggests the workshops used bofh. “The

proportion of ARS with\plack rims is relatively quite small. It seems strange
” 8 % .-

)
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the potters wﬁuld bother to adopt a different technique for firing a few plates
which certainly earned no mor; on the market than the-plain ARS. By filring
other pottery with the Form 23 plates their productio; would have required
littig extra effort. The various cocking wares used in Carthage and élsewhere
({LRCW I, Ii_etc.) also had grey or black surfaces. The ARS Form 23 and 26
plates could have been fired simultaneocusly with the cooking ware. Admittedly
the evidence is not conclusive.

| Even if ARS and dther fabrics were nct normally fired.simultaneously,
individual workshops could have produced both cooking ware and red-gloss
pottery. It is generally believed commnal firings were practiced for Samian
mamifacture at La Graufesenque. (129) Batteries bf kilns occur on many sites and
legionary potteries produced different types of ceramics, occasionally red-gloss
pottery. (130) There could have been similar installations near Carthage where ‘
small, irndependent workshops shared facilities and expertise. An arrangement of
this sort could explain how polychrome ARS was maﬁufactured. Without some
knowledge of the physical attributes of the African workshops, further
discussion of these %ogics cannot resolve the outstandiﬁg»questions. The
écenarios sketched here concdfning mutuial production of different fabrics are
proposed as suggestions worthy of seri consideration. Only archaeological
investigation of North African workshaﬁg‘sin provide the data required for a
meaningful evaluation of these tentative hypotheses. |

One further speculation should be considered in this context. If

manufactories produced both coarse pottery and ARS, it could account in part for

another phencmenon which has puzzled scholars. Raman cook ware fram Carthage

'129. Peacock (1982) 128.

13C. Peacock (1982) 145-148.

\
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was exported.(131) This seems strange considering its worfh. The productioﬁ of
both fabrics within the same workshop or mamufacturing camplex would have made
it easiler for an artisan ox middle ﬁap to “sweeten the deal” with a crate or two
of céoking ware.

Reé%ance on an alternative, more primitive pyrotgéhnblogy than what
was used in Eﬁrope for Samian manufacture may have encouraged the use of
silicous clays for making ARS. If, as the evideﬁce suggests, a reduction stage
was normally part of the firing cycle, calcareous clays could have been
difficult to manage without the advanced kilns available in Eur;pe. As little
as 5% Ca0 in the paste promotes fhe formation of calcium-aluminosilicates.(132)
These inhibit the formulation of large‘ferric iron particles which are essential
for producing an intense red color.(133) If reducing conditions are maintg;§ed
in the kiln, calcareous clays produce a "buff" or beige coloration. The c&ior
is exceédingly diff;cﬁlt to alter by reoxidation.(134) furthermore, for reasons
which are not understood completely, a high gloss surface can be produced at
relatively lower temperatures with a siliceous clay slip.{135) The difficulties
of manipulating calcarecus clays in,reduééion firings may have lead the ARS
manufacturers to avoid them.

If the models presented here are accurate reconstructions of the ARS
firing techniques, the use of siliceocus clays can be seen as the successful

adaptation of raw materials and available technology to produce ARS. However,

using these clays would have presented the potters with other difficulties. By

131. Fulford in ECBM I,2. 256-257.

132. Picon and Vichy (1974) 43; Shepard (1954) 23.
133. Manijatis et al, (1982) 101-102.

134. Tite et al. (1982) 117-118,

135, Tite et al. (1982) 118-119.
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exposing the slip to reducing conditions, they risked turning it permanently
black. Burnished, siliceous slips sinter, forming a glassy layer which prétects
them from reoxidation.(136) This was the key factor in producing the polychrome
effect on Greek black-figure and red-figure pottery.{137) The mono-chramatic
bléck—gloss poftery popular during the Hellenistic period and the Samian wares
produced in Italy and Gaul, also have vitrified slips.(138) Ferro-ferrous
canpourds of alumina are characteristic of these surface coatinéﬁ, but the role
which these chemical species play in the process is only partially under-
stood. (189) Incipient vitrification occurs in 'silicecus and calcarecus clays at
temperatures above 800 degrees Celsius.(140) ARS was fired in this temperature
range. {141)

Oncé sintered, a reduced slip carn be reoxidized, but this is
"exceedingly difficult”. How the producers of ARS compensated for this cannot

be determined without a program of trial firings and laboratory examination. By

maintaining kiln temperatures below the sintering threshold of the slip during

-~

the reduction phase they could have diminished the risk. Possibly, they
deliberately used a thin, unfloculated slip.(142) Experimental recreation of
the Samian ware surface coating has demonstrated that the clay particles ofi the

slip must be of colloidal size. Otherwise the results are not comparable to the

Il

136. Tite et al. (1982) 114-116. -

137. Farnsworth and Wisely (1958) 169-170; Bimson (1956).

138, Picon and Vichy (1971); Maniatis et al. (1982).

139. Tite et al. {1982) 118.

140. Tite et al. {1982} 110-113,

141. LRP 295. Tite sees no point in being more precise than identifving one of
three basic temperature ranges: be%ow 800 degrees - bonfire; 850_~ 1000

-degrees kiln; above 1000 degrees. Tite et al. (1982) 113,

142, Illitic clays work best for producing the Samian finish. Bimson (1956).

' The occurrence of these clays in the vicinity of Carthage has not been
investigated.
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red—gloss produced in the European provinces.(143) An unsintered slip, combined
wi?h incomplete axidation, may explain the matte finish of ARS, but a definitive
answer will require additional research. A

Several samples of slip were analyzed to determine whether or noﬁ they
were siénificantly different from the clay body. - Different clays were used for
the paste and slip of both Samian Ware and Greek Black Figure Pottery.(144)
This does not appear to be the-gase with ARS. Elemental abundances show slight
variétion (Table 2.1). With the exception of silica, they are witﬁin the range
which could be expected 1f the clay used for the vessel walls was purified to
make the slip.(145) The slightly higher values of silica are not what one would
expect. Results from analyses of other Roman fabrics and of Greek.pottery show
a decrease in the silica content of the slips. ?hose who performed the
research believed this reflects greater amounts of temper in the pastes which
they anal?sed.(l46) Their measurements were made by electron microprobe
analysis of thin-sections which permitted selective sampling of the cléy phases.
The ARS slips, removed by a comparatively crude procedure, were probably
contaminated with material fram the clay body. It is reasonable to suppose that
quartz grains, pulled loose by the drill bit, raised the silica abundances
abnormally. In retrospect it would have been preferable to separate these fram
the rest of the slip. However, the falsely elevated silica values do not alter
the general conclusion that a similar clay was used for both the body and the

slip of ARS.

/
4

143. Bestwick and Smith (1974) present a camplete review of the experiments
which have been coampleted since the 19th century. ,

144. Tite et al. (1980) 115ff. Probaby, Silicecus clays were adopted because
they produce a more intense coloraticon.

" 145, Tite et al. (1980) 115ff.

146. Tite et al. (1980) 112-115.
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Several Ilmportant aspects of the ARS manufacturing techniques will
remain obscure until additional evidence can be acquired from more comprehensive
analytical investigations. It is certain that the ARS was produced from non-
calcareous clays. The physical properties of several pieces suggest that at .
least some of the ARS was fired in a mannerlquite digtinct from the one utilized
by the factories which made the major Samian fabrics. These features of ARS
produétion confirm the independence of the ARS industry in the Carthage region
fram its ﬁuropean coungerpart. It seems enterprising artisans who wished to
capitalize on the popularity of red-gloss pottery developed a means for
Imitating the products of European manufacture. Despite the uncertainty
sgrrounding the firing methods employed by Africah workshops, the evidence at.
hand clearly suggests that the ARS made in the vicinity of Carthage evolved
without any direct participation from craftsmen trained in the Samian tradition.
The North African potters were able to find materials compatible with their own

pyrotechnology. They achieved their success independently.

»

o
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SECTION 2.2 /)

DISCRIMINANT ANALYSIS

It was hoped that differénces in composition between the ARS fabric
groups might be detected simply by comparing frequency‘plots of chemical
abundances. The initial results did not provide a clear distinction between the
dfabrics. This could 5e seen by camparing the frequency diagrams of the 4
cemponents. If a larger sample of pottery had been analyzed a ore normal
distribution might have resulted. On the _ot;;er hand, it seeémed possible that
same sherds had been improperly assigﬁed dufing the initial sorting. Generally
the overlapping component distributions between fabrics made it impossible to
see any significant differences between the ARS fabric groups by a simple
comparison of frequency diagrams. The one exception is the two sherds which
canprise fabric N VII (See p. 22). Although their color is quite close to what
one observes in the other fabrics, they contain a twofold greafer amount of
calciun than their slipped counterparts. They certainly constitute a fabric
whose composition is more closely related to the buff coarse ware and lamps.
Wnile some difference might have been expected betw?ggwgge unslipped objects and
their red—gloss contemporaries, the use of a comgfétely %}fferent clay was not
anticipated. '\\ 1

. Given the similarity in compositicon between the other ARS fabric
groups, a maltivariate statistical technique known as discriminant analysis,

was applied to the compositional data to determine if separation was possible.

Thiadgsthod has been used most frequently for statistical validation in the

+
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social sciences, particularly in the field of behavioral research.(147) It has
proven its ﬁtilify for differentiating between contemporary issues of ancient
coinage(148) and for classifying projectile points.(149) This multivariate "
technique has yielded excellent resu;ts in provenience studies of Samian Ware
urdertaken by a CNRS research group.({150) The mamfacture of moulds and Samian
from the same clays at Rheinzaberh.&gs confirmed by the discriminant
classification procedures.(151) %

Discriminant uses raw data-to compute a new set of variables which are
subsequently compared to distinguish between groups. The groups in this study
are the various pottery fabrics. The varigbles computed for discriminant
analysis are mathematical cambinations, known as 'discriminant functions' or
'canonical variates'. They havé the general form:

D: = di21+diZ2+....diZn
where di are weiéhing coefficients and Z are standardized values for each -
original variable from 1 to n. The Z scores are the compbsitions of the various

-

Jelemen,ts. Ideally D for all members of'qne group‘(e.g. pottery fabric) will be
the same. Each coefficient is calculated from two covariant matrices. One uses
mean and standard deviations for between groups sums of sgquares and cross
products. The other matrix contains the within-groups sums of i?uares\g?d Ccross
products., These calculations make the use of computer manQ?tory.(152)

The number of functions derived‘for a particular discriminant analysis

-varies. It will be equal to one less than the number of groups or equal to the

-

147. Klecka (1975).

148, Carter and Frurip (1985}. 2
149. Watson (1986).
150. Widemarm et al. (1975); Picon et al. (1975); Wilson (1978) 232-233. “

151. Heimann (1980) 213-215,
152. Klecka (1975) 434-435; Picon et al. (1975) 19.
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number of variables whichever is less. One function will be computed for each
original variable in the latter instance. The functions are arranged in
decreésing order of "discriminating pbwer". One may judge their contribution
to the separation process by values of Chi squared reported by the SPSS-X
program used in this study. Values for D ére calculated for each case (pottery
sample) by substituting the experimentgl resultg‘in all of the fuhctions derived
for each group. If there are four functions, there will be four values of D for
each case. Each function may be considered as defining one dimension of multi-
dimensional space. Because the functions are ordered by their pcﬁer of
discriminaticn, distances between the means of the first function are more
significant than distances observed when comparing meané of, say, the fifth
function; ] f

The location of a particular group in this space is defined by its

P

“"centroid". Averaging the‘values pf D for each function provides a group mean
for that fuﬁction. when the means of all functions derived for a group are
added together, the sum gives the location of the centroid. This is where all
the functions defining a group intersect. The distance between the centroids of
the various groﬁps constitutes the critericn for separating them. {153}

The coefficients by which each raw score is multiplied are derived so
that the combined séore for any single function will have a mean of zero and a
standard deviation of one. Consequently, a single case score on-that function
represents the number of standard deviations befﬂeén that case and the mean.

The procedure used for clas%ifyinthhe pottery datd incorporated a

stepwise method for creating the discriminant functions. The order in which the

153. Klecka {1975) 442-443.



variables were inserted in.the discriminant functions was based on their
discriminating power. This was measured by computing the maximum F ratios
between pairs of fabric groups. The F ratio = variance of means over pooled
varlance. Higher F values indicate variance is less likely to bg a result of
chance.{154) Each variables waé-evaluated individually to determine which OHE\\\
would yield the best discriQination. This variable was then paired with the
otherkyariables to select the second variable. The remaining variables were ) ’“?r
then cc%binéd tofform triplets with the first two to select thé-third. This
process contigues until all possible cambinations have been evaluated. This
method produces an optimal set of discriminating variables when groups are not
widely separated. (155) ' &

once thé positions which particular groups occupy in discriminant B
space are establisﬁed, the probabllity of group membership for each case can be
determined. This is acconfplished by a separate classification procedure. ‘A
classification function is derived for each group. If there are three groups
(pottery fabrics) there will be three classification functions. The

classification function is used to calculqte a classification score. The basic

equation is:

Ci = cilVi+cio2Va+....cinVnek

Ci = the classification score for gﬁ::gg‘,,

the classification coefficients for each variable

N

ci

-
H

a constant

V = the raw data score for each variable.

154. Moroney ¢1965) 233-236; Wonnacott and Wonnacott (1984) 293-297.
155. Klecka (1975) 447. The procedure maximized Mahalancobis distance. See
Wilson {1978) 232. '

i
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The coefficients are compufed from the centroids dete;hined in tho
initial phase of analysis and fporbcovglence matrices which pool the values
displayed for each variable by all members of the group. The scores in each
group classification Cetdn are then caicdlated for—each case under

r

consideration. If three ‘groups are being compared, each case (pottery sdhple)

s

»

will have three separate scores. (156)

The case is assigned to the group whose funotlon produces the highest
score when the raw data set for that case is substltuted in the equation. The
raw data here consists of the nine values for chemical composition. In effect,
the classification score is a measure of the probablllty of group membérsh;p
The higher the score a case receives when 1ts variable values are substituted in
a Jgroup classification equation, the greater the probabxllty that it belongs to
toat group. The classification probabilities in this study were weighfeo to
account fo; unecual group oize.(lS?)

By classifying cases it is possible to measure the validity of the
: criteria‘osed to differentiate between groups. Tﬁo classif;cafion step can also
detect cases which are anomolous and possibly improperly assigned. Finally,
unassigned cases can be placed in groups with which they have the greatest
affinity. Four separate discriminant analyses were conducted with the data for
. Africen Red Slip. The results are shown in Appendices I - IV.

The groups compared‘in the first analysis included all of the separate

sets of pottery fabrics classified by visual comparison. ' Nine discriminant

functions were derived. The Chi squared values for the first four varied from

156. Klecka (1975) 445.
157. Picon et al. (1975) 195-196; Klecka (1975) 445-447.
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645 to 123 with 99 and 48 degrees of freedam respectively. These give
significance levels of 0O ind}cating thé discriminating variables derived from
them contain significant amounts of discriminating information. -

Ca0 occupied the first position in the yariables o:dered.by increasing
discriminating power. It was followed by NaO and Al0. Silica ranked 9th. The
group territorial map (Figure 2.2) shows that although séa?istically distinct |
grouns could be.separated,‘the centroids are very close together; Conseguentl?,
. scatter plots of values for the first two discriminpant functions show overlap
between the groups. Since the third and)fcu?th functions also contfibute a
considerable degree of the separation, the two-dimensional representation
exaggerdtes to some degree ‘the proximity of the centroids. Even so, Ehe groups
are not widely separated. When the individual samples were classified in the
final step g% the first discriminant analysis, group proximity is apparent once
again. The results éré summarized in Appendix I. .

The tables in this appendix give several pafameters for each sample.
The original group is followed by a listing of the highest probability group to
which the case belongs based on the discriminant analysis. Thé value for
ﬁithin-group probability P{P/G) reports the probability that a sample would lie
at the calculated distance from the group centroid. The probability (D/G) is
the probability’that the case belongs to the selected specified group (i.e. the
between—groups brobability). When a case does not fi} the group to which it was
originally assigned, it is marked with an asterisk.

Considering the performance of the fabric categories in numerical
order it is immediately apparent that Fabrics F I and F IT (41 and 42 in the

classification table) cannot be separated from other contemﬁarary fabrics.



85

L.

Admittediy the total sample population of these fabfics is'small so the full '™
goncentf#tion rangesimﬁ? not be represented. éossibly a broader range of
chemical cépstituents would have to be meagured to yield discrimiﬁation,
although reéearch has demonstrated that such an approach will not always
work. (158) |

The'%éct that six out of these ten cases have bheen reassigned to-
fabric 43 (fabric group F III) d%y have a special significance. The darker
cores of these samples which led to their initlal separation from Fabric ¥ III

v

supports the contention that they are misfired variants of the.more common

fabric. The unslifgbed cook ware vessels which comprised.fabric groups F IX

-

{Discriminant group 49) are also more campatible statistically with group 43.
Oﬂly one of these 6 samples retains its original Eg?ntity. Four are closer to
group 43 and one is closer to fabrics N IV and M III. It seems reascnable to
conclude that the coogrware was made from the same clays as the other ARS
fabrics. This strengtgghs the hypothesis that this fabric could have been made
by the same workshops which prodqfed monocnromatic .ARS, although an alternate
flrlng procedur; was probably required. (159}

The largest coriginal fabric groupé F III, (discriminant group 43)
retained its integrity during the classification phase. Only two of its twenty-
three cases wer€ reassigned: one to Fabric M %II, one to Fabric N III. The
within—group prob;bilitiesﬁgre generally in the 90th percentile. The betweeq
group probabllitles are relatlvely low. ‘They vary from about .3 to .8 with many
values below .75. This reflects the proximity of othér centroids. The

/
r

158. Lemoine et al. {1982) 58-60. 3
159. See above: pp. 73-74.
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progabiiities are also.decreased because samples assigned to fabrics F I, F II
and F ;II properly'belong.to the ¥ IIS campositional group. .
. The material from locus 1M 7, ccmprigﬁng two main fabrics, shows

considerable discrepanéy between the oriéinal assiéﬁments for its cases and the
. statistical categories. Only four of the original fourteen;qases fit the ;
discriminant group for M III. Fabrié M IV fares only slighfly better.
Evaluating the individual cases it seems that four of the M IV category should
have been placed in the N III group. The separatio;'based on the physical
propertieé of vessel cores was pérticularly inadequate for these fabrics. The
fact that sg&eral of the samples from this stratum are?%tatistically congruént
with groups in cother strata may be interpreted in sevefgl ways. It is'possible.
that surviving material from the 3rd century was redeposited. This would
account for the single vessel assiéned'statistica;ly fé”é%oup F IIT. Although
it can not be ruled out completely, thish§eéms an unlikely explanation éinpe the
forms sugéest a 5th century and'not a 3rd century date. -Quite possibly these
equivocal;c;aSSification probabilities arise because the Type iII and IV fabrics
collectively represent collections of several minor groups. &his would also
account for the 4 cases from the 3rd century deposit (loci 2F 32-36) which the
discriminant analysis would place in groups from the 5th and 6th century
strata, Nine of the cases in M III and IV groups were matéhed by fabric
classification of the material from Locus 1IN 17. Since these two loci are

closer together on the chronological scale and probably overlap in time, the

presence of similar material in locus 1M 7 is less surprising.

The segregation of fabrics by cdmparing paste color in sherds From

locus 1IN 17 yielded coherent compositional groups. Seven of the original 38

-~
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cases had probability values which could eliminate them from their original
" categories., Four of the 1IN 17 specimens’ would simply be reasaigned to ‘the- other
fabric group from the same stratum. One sample matches the main fabric group,’ |
F III, from 3rd century deposit. Two wolild be aseigned to the group
compo;ed of material fram Mahrine.

The original group cof. sherds from Mahrine consisted of twenty pottery
samples and two lamp samples. The fragmentary mould¥or burﬁisher, no. 249, was
left umassigned. The discriminant classificatlon eliminated four of the pottery
samples The score for the mould gave it a high w1thin—group probability, but a
relatively low probability of group membership (.91 vs .76). The probability
scores for many of the sherds which'wece attributed to the main greup were also
below acceptable levels, Once again, in spite of the.apparent physical
similarities shared by the individual vessels in this sample, divergent
compositicnal groups occur. . . .

The ARS lamp group lost 40% of its numbers‘during the first discrimi- -
nant analysis. Three had a greater probability ofhbelonging to the N III ARS
fabric, while one had a &iscriminant score which would place it in the M III
fabric group. Sample 471, one of the examples of a Hayes Type Ii lamp was -
eliminated. (See p. 26) The other example of the Hayes Type 1T ;ariety, ne.472,
remained within the group. )

Membership probabilities for the lamps, as,well as those of the other
groups Were generally below the 90% percentiie which has been generally accepted

as the minimum value for group attributicn. (160) Only 63.6% of the cases as

originally grouped were properly classified. The number of misassigned cases

160, Picon et al. (1975). Wilson would like to see higher values but does
not suggest a figure. Wilson (1978) 233.
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"would have affected position of group‘céﬁtfofdéfﬁ o

the discriminatory value of the aoalysis.(lsi)‘.

“ A secorxd classification analysis was attempted. Coses which had been
impreéperly clossified were reassigned éo-the_highest probability group
.ioentifled by the first discriminant tébulatlon. Not all of the cases were
réossignod. The rejected cases ffom‘the fabrics of 1dci 2F32-36 which matched
qroups,of the more recent strata were not assigned to a group. It was assumed
that fhey would more reasonably repfeseni:agsubgroﬁp of the 3rd century since

-

their-stratigraphical, and hence chronclogical context, made ié impossible for
them to represent.fabrios mode 100 to 200 years later. Samples of the 5th and'
Sth cehéuries ﬁith an affinify for the Séd century grouﬁ‘were also left
unassigned. The possibility that they were residual material seemed unlikei§
considering the vessel forms. Cases were reassigned between the fabric groups
of strata 1M 7 and 1N 17. 'Becauée these two loci overlap chronologically,
fabrics of any given type could have been deposited in both of them.

Specimens from Carthage designated by the first discrlmlnant analy51s
as belonging to the Mahrlne fabric and thoé% from Mahrine with dlscrlmlnant
scores which would place them in Carthage fabric groups were left unaésigned.
This procedure was adopteq;because it could not be proven that these samples
actually were transferred from one site to-the other. Although some of the lamp
samples‘could have been reassigned to other fabric g;oups, it was decided to
leave rejected ones unassigned. It could bé argued that these cases might have

.been made in workshops producing red-gloss table ware. Indeed, it seems rather

/

: {
161. The fact that some of the slips would be classified in other fabric groups

is not very significant since their silica abundances are artificially
high.

— la



probable when one éonsiders thét both lamps and table ware wefe produced at
Mahrine, but this could not be substantiated for the material from Carthage.

) The second analysis yielded a much higher percentage of properly
, claésified Céses: 95% of the total sample pcopulation matched the pre-analysis
attributions after revising group membership. Considering the results of the

first analysis and the generally low between-groups probabilities, {his Y

consistency was unexpected. Furthermore, many of the ungrouped samples could be
‘r?agsigned o the newly defined groups with high probability ratings. There
remained,-however, samples in all of the fabric groups which had values below
0.90 for between—groups probabiiity. Their poéf fabric affinities excluded them
frcﬁ the newly defined groups. | ‘

Thé results from the second discriminant analysis were used to
establish‘the final grqyp attributions. Thése attributions appear in the tables
of vessel forms pr;videé with Chapter I, Tables 1.1 through Table 1.11. The

" original and final group\attributions are also shown in Appendix VIIT which
lists the elemental compositions of each sample, Samples with membership
probtabilities below the .90 limit were not given a "final® fabric designation.
Cases with these values were excluded fram the final calculations of group means
which are presented in A;pendix VII.. -

The results of the discriminant classification show.that five
compositional groups can be distinguished among the samples of ARS from the
three deposits excavated at the Canadian site. The significance of these groups

must be considered. Assuming the ceramic was made at or near Carthage, oﬁe\
might suppose the variations in camposition may be expléined by different \\\\“\\,//

workshops producing pottery with basically the same techniques, but with
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slightly different procedures. When one examines how closely the distributions
of element abundances resemble each other, an ‘equally plausible explanation can
-be suggested. Production methods, although standardized, in one or more
manufactories, yield ceramics of variable quality which tend to have
diétriﬁutions of the chemical components that can be separated statistiéal%y.
Vessels made in one wﬁrkshop can have a coamposition which matches pottery fraom
another workshop. This is likely to be true, especially if the raw materials

" used by both are the same or relatively similar.(162)

The fabric groups as they were originally defined, fell info two broad
categories which were labeled Fabric Type III and Fabric Type IV. Although the
éivergence of color and relative frequency of calcarecus inclusions were not .
totally reliable, the basic distinction was validated by the statistical |
analyﬁis of the subgroups.

Two additional discriminant analyses were conducted to determine
the homogeneity of these two €lasses of fabéic. The three subgroups of Fabric
Type III; Fabrics F III, M III and N III, were placed in a single discrimiﬁant
Qrcup.' Fabricé M IV and N IV were combined\to form & second éroup representing
Fabric Typg IV. The two single samples remaining in Fabrics F II and F IX were
left ungrouped as were the two examples of Fabric_y ViI. All of the samplgs
eliminated from the fabric groups by‘the second discriminant analysis were
assigned to a new group. This was déne to determine if there might be a third
Fabric Type which resembled the other two so closely that it would not be

obvious from a visual examination of the pottery.(i163) The sherds from Mahrine

162. Picon et al. {1975): Lemoine et al. (1982). ,

163. I wish to thank Mr. Gordon Watson for suggesting this particular aspect of
the analysis. He was able to group otherwise anomalous projectile points
-with a similar procedure. ‘ >
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' canprised of lamps retained in Fabric L I by the statistical analysis.

" - . Q .
which remained in the original group constituted a fourth group designated

" Fabric MA I. The Mahrine sherds eliminated by the previéus classification

analyses were assigned to another group labeled Fabric MA IB. This was done to
L

see 1f they mighf form a coherent subgroup of material. The final group was .

The -resuits of this third classification analysis are presented in
Appendix III. It is obvicus that the samples which composed the anomalous group
of ARS sarxpies from Carthage are poorly matched. Cambining them as a separate

fabric has the effect of lowering group membership probabilities for all of the

‘categories. The territorial map of discriminant functions show the anomalous

samples occupy a céntral location in discriminant space (see Figure 2.3). If-
these samples do belong to-a separafe Fahric 'I‘ype it simply cannot be separated
fram the rest of the Carthage ma‘terial. It appears, however, that these - -
specimens represent several different groups as originally hypothesized. The
newly created group of Mahrine samples did produce a fairly cohesive group of
five -spechnéqs with membership probabilities in the 90th percentile. This is an

excellent illustration a phenamenon discussed elsewhere; (164) distincc

campositional groups are often observed in a body of material originating from- Sy
the same manufacturing center. o
A final discriminant analysis was conducted for the Fabric 'Types iTT '
and IV from Carthage. Anomalous samples of the ARS from Carthage ejectea from
these two Fabric Types by the thirﬁ classification analysis were not assigned

to any group. The other groups of Carthage pottery from the previcus -

164. See pp. 89 and 94.
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classification procedure were kept intact except for the two lids camprising
Fabric N VIi which were left unassigned. The samples with high probabilities of
membership iﬁ the principal Mahrine fabric, group MA I, retained this desig-
nation. The other ceramics fron this site were left unassigned. This léft 89
cases with group attribution and 51 unclassified samples., |

This fourth multivariate énalysis generafed three aiscriminant
functions. Sodium, manganese and calcium were the principal contributors to the .
discriminating power of these classification equations. Figure 2.3, the

\territorial map for the discriminant groups, shows clear separation, although -

‘scine cases along the boundary cannot be assigned absclutely to one group. The

distribution of discriminant scores for the cases of each éfoup are shown in
Figure 2.4. The individual¥groups are reasonably homogeneous, but the cluster
boundaries converge. Cases whose discriminant scores place them near the shared
boundaries receive low be%weenrgroup probapilities. Consequently, their fabric
identities are uncertain. The results of the classification analysis appear in
Appendix IV.

The final classification procedure indicated that 98% of the group
attributions were valid once each of the Fabric Type III and IV samples were
reassigned to' the Faﬁric Ty'pe for which it had the greatest affinity based'on
the scores received in the third discriminant analysis. When the new scores
were computed for the cases left ungrouped by the third analysis, 29 of these
prgviously anomalous samples displayed setweenrgroup probabilities above .9 of
membership. in the main Fabric Types (Types III and IV). OCut of the eqtiré
sample populétion, 21 had probability values below fhis limit and therefore

~could not be assigned with certainty.'

-



o

samoles were

93

Within each' f these groups whose membership remains in doubt. These represent
approximate1315$ of- the sample populatioq. Ten of* the ancmalous Mahrine

igned by the classification procedure to Carthage Fabric Types.

' Seven of the cases received probability scores above .9 for membership in the

Carthage groups.'(See Appendix IV.) This underscores the similarities in
compositioh between cne droup of ceramicg-made at.Mahrine and_t%e material from
Carthage, particularly Fabric Tvpe TiI. ‘

The significance of the patterning which distinguishes between the two
major Fabric Types from Carthage is by no means -clear. It could reflect
indeﬁendent sources of mamufacture at separate production complexes.

Alternatively, the distinction could derive from inconsistent execution of the

fabrication technique within a single manufactory. A choice between these two

possibilities cannot be made with the information currently at our disposal:

PR

' The population of each main Fabric Tvpe can be separated into sub-
divisionsAchronologically. This is most dramatically obseryed in Fabric Type
III.. The clysters formed when discriminantwﬁpores are plotted (see Figure 2.4)
indicate the e;emental'abundances of the fabrics ar% quite similar. This can be
appreciated fram the concentrations of the various camponents presented in
Appeﬁdix VII. This tabulation presents thé mean abundances of the- constituents
for Fabric Types IITI and IV and for their various subgroups. The means are
calculated from those cases which received scores in the 90th percentile from
the final discriminant analysis and in the second clagsification procedure

i

respectively.

L]
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\ A plausible explanation for the chronological dissimilarity would be

e
that alternative supplies of raw materials were used at different times. On the
other hand, the relat}ve-gonsiStencv of camposition over a period of Fhree
centuries or mo;e does not imply drastic alterations in-the techniques of
manuqufure. The subtle differencgs do not seem linked to a specific elemeut,'
but to the overall composition. Changes in elemental abundance of such small
magni tude couid arise from variations in chemical camposition within a single,
large clay source. This has been recognized for some time as a potential source
of camponent variability.(lGSi If ARS ﬁorkshops at Carthage exploited one
extensive deposit during a period of several centuries one could - expect the

canposition of their ceramics would fluctuate accordingly.

165. Stern (1977) 73-75; Widemann et al. (1975) 46~47; Bishop et al. (1982).
There remains the possibility that homogeneous geology could mask
different origins of manufacture.

> . ’



SECTION 2.3

DISCUSSION OF THE FINAL CLASSTIFICATION RESULTS

_ . A closer examination of sub-groups identified by discrim;nant analysis
reveals several anamalies and similarities which have broader implications. The,
unity of the original ARS lamp fabric was not preserved. The second
classlfication Drocedure rejected all but six of the cases. Those remaining
samples constituted a droup whose dlscriminant space is well separated Ercm the
other‘grou;—centroids. Ccmparisén with the other Eeramic fabrics does not
indicate any variations in major components which could be explained by
different manufacturing techniques.. A different source of raw material may .
account for elemental abundances which‘characterize the lamp fabric. This_could
indicate an origin of manufactu;ebdifferent trom that of the other cera@ics.

Several of the unassigned‘ARS laimps have a very high silica content
whiéh could be interpreted as a deliberate attempt to increase their resistance
to heat. Presumably this would be a desir-ableq characteristic in an oil burning
lamp. On the other hand, lamps of the L I category ao not share this attribute.
This suggests the occurrence of pastes with;a greater silica cdntent may be
fortuitous. The variation is precisely the sort of effect one-could expect fram
from iﬁconsistent prepafati?ﬁ of the raw clay. However, it woﬁld be hazarddus
to suggest a definitive explanation for these elevagéd silica levels with
results from such a small sample populationmas a basis for discussion.

The ARS larp specimens rejected from Fabric L I by the statistical

classification procedure display discriminant scores with affinities for the ARS \%

-
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table ware of the Type III fabric class. Three of the iamps have probabilitv
scores which make it Impossible to ééparate them from the pottery. Thetéingle
‘ Form 5 lamp {(no. 476) with a slip different -from the other samples was assigned
to Fabric M III. ‘This similarity certéinly implies the pottery and lamps

originate fram the same workshops. The validiﬁy~of this supposition is

e

strengthened by the fact t‘ft lamps probably were manufactured at Mahrine. Both
of the Mahrine lamp sherds (samples 231 and 248) were assigned to the MA I
fabric group along with seven pottery samples. The scores for the'two iamps,
.97 and .92 respectively, confirm their membership in the group. The results of
these analyses leaves little doubt that in certain workshops ARS lamps were
manufactured in conjunction with table waré.

Tne LI I Fabric Group consisting of %peciméns securelv-assigned by
statistical analysis, includes at least one.of.each form category included in
the original sample populationf(see Table 1.9): demonstrating it is not always
nossible to correlate differences in chemical composition with the production of
particular forms by‘separate workshons.’ This finding contradicts the reported
preliminary results from chemical analyseslconducted on a group of "Form 1 and
Form 2 iamps wnich were mentioned previously.(166) The two ﬁorm 1 lamps from
Carthage were statistically assigned to different fabrics, well separated in
discriminént space. The number of samples acquired from the Canadian site which
were tested in this study is too small to provide aﬁsolute conclusions.
Nonetheléss, it appear;ythat one cannot reiy solely on form to distinguish

between the ?roduction.of various ARS lamp factories. Obviously the

N

166. See above pp., 26-27.
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relationship between the ARS lamp fabrics requires more study. However, the

results are promising because they demonstrate that the potential clearly exists

for using chemical analyqu to distinguish different lamp fabries in materdal
which is visually homogeneous. ‘

The ARS from Mahrine provides an example of materials from a known
manufacturing site. Consequently, it is appropriate to consider it before
turning attention to the ARS table ware from Carthage. The orlginal sample
consisted of 22 ARS sherds includfﬁa two lamp fragments. The second
discriminant analysis rejected 5.cd5es leaving 17 in the group. Six of the ’
remaining cases must be rejected because of low between—group probabllitiles.
The final population of Fabric MA I is thus reduced to 9 samples. The-low
membership probabilities of the rejected cases most likely arises from the
interblay of two factors. Filrst, the proximity of centroids belonging to the
other fabrics makes it imposéible to assign sometca;;;\h%‘their proper fabric
with a high degree of certainty. Because the raw-materiéls used to produce the
ARS from Cart%age have elemental abundaﬁces‘which are quite similar to the
concentrations occurring in the Mahrine pottery, the ceramics from t?ese two
localitie; are not easily seéafated. Consequently, there is a subgroup of
Mahrine pottery which cannmot be distinguished from the fabrics defined from the
analvsis of ceramics from Carthage.

_ The second source‘of uncertainty which affects the discriminant

classification is the variation in composition within the individual fabric

groups. We have also seen that a subxroup of about 5 sherds which can be

RN A
i
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distinguideed fram the other Mahrine pottery.(167) There is always the
possibility that pottery produced during a finite chronological period by a
”—T;pecific workshop or within a manufactory complex whére several indeperndent
A craft shops operated, will exhibit two or more campositional groups. Experience
\\\\\_,,/// shows these subgroups usually have their own, approximately Gaussian
-distribution of elemental'abundances.(lﬁa) This seems to be the case with the
material from Mahrine. Inconsistent preparation of the cla? for potting and
variation in composition within thé éource of raw material could easily account
for minor variations in the overall camposition of a given pottery fabric..
Several of the Mahring sampl?s are indistinguishable from some of the
ARS found at Carthage. Many of&the ungrouped Mahrine sherds weré assigned to
Fabric Type III with high probability scores Ry the final discriminant
analysis. (See Appéndix IV.) It is possible, of course, that some Mahrine

/
pottery made its way to the coast.i\Members of the subgroup at Mahrine might be

presenf in reference groups of Carthage fabrics. On the other hard, none of the
samples from Carthage were assigned to the MA I faoric group with probabilities
in the 90% percentile. Two of the abnormal specimens from Locus 1M 7, nos. 179
and 181, were classified by the second discriminant analysis as belonging to the
Mahrine fabric, but their propabiliity scores were .792 and .512 respectively.
Thé‘output of the Mahrine vottery consisted of . large quanéities 6f decorated
plates and bowis. Only a few such pieces from‘CarEgﬁbe were analyzed in this

study. Two, nos. 359 and 362, were classified as members of Fabric Group N IIT

with acceptable probability scores. The other sample, no. 202, was attached to

(

. . 167. It should be noted that the unslipped disc~shaped objedt has a composition
very zimilar to the ARS, but its membership score i$ below the probabillity
limit,

168, Picon et al. (1975) 198-199.
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the M IIT fabric, but with an unaccjeptable‘probability scofe of .712. These
resu_fts do not prove that ceramics from Mahrine never reached Carthage, but no
obvicus examples of such pottery were detected in this investigation,

Decc.nréted ARS accounted for a very small proportion of the red-gloss
recovered by the British Excavation. It seems relatively rare in the other |
catalogues, but final statistics are not available. It would be desirableJto
analvze many more decorated pleces of pottery which have been found at Carthage
ard to éompare the results with pottery from Mahrine. Also, it would also be
useful to know how much undecorated pottery was produced at Mahrine. A
corollary question‘would be: where was the pottery from Mahrine distributed?-
These questions ave beyom the scope of this study. Stratigraphic excavation
and laboratorv ;nvestigations will be needed to clarify the role thJ.js production
center played in the ARS industrv.

| Several aspects of the discriminant.analyses of ARS frém Carthage
need ;nore detailed discussion. The multivéi-iata classification p‘rocedures‘
effective'ly eliminated fabric groups F I and F II, the monochrame ARS table ware
v.cith reduced zones visiI;le in the vessel cores. The fact that these vessels
have‘hompgsiticns which are indistinguishable from the pottery with oxidized
coées strengthens the supposition that samples assigned fo fabrics F I and F II
are inéompletely fired examples of the other fabric groups. This relationship
needs to be stressed because of wnat it implies about the firing cycle used to
marmfacture ARS on preceding pages 71 and 72.

Membership .in Fabric F IX was reduced from 6 to 2 by the

cl}assification process. (See Table 1.5) Fabric F IX was used to designate the

polychrame plates and bowls with a black band around their rims, nos. 167-171.

%{ :



100

‘
Three other members of this fabric group were reassigned with high probabilities: .
to the F III group.canposed of monochramatic ARS. Since their compositions
often are virtually the same,'if seems.reasonable'to suppose both types of ARS
were often made by the same workshops in spite of the fact that different firing
procedures might have been required.{169) <

The 1§ members of fabr;c groups F I, F II and F IX, with 4
exceptions, have membership probabilities from the second discriminant
analysis above .9 which would place them in Fabric ¥ III or N IV. Only three,
;DS. 143, 158 and 170, received classification scores below the 90% probability
level in the fourth classification'procedure wnich separated the major types,
Fabric Types III and IV. (See Bpperdix IV.) One may réasonably infer that these gkb
vessels were oftgn ma@e bv the manufacturers who produced the major fabric types
of ARS table ware. The two samples of the Fabric F IX which form a separate
group do not invalidate this conclusion.

Fabric F III, the major fabric anaiyzed from the 3rd century loci,
gained several members. The discriminant scores from the second analy;is placed
all but 8 of the 42 cases from these strata in the F III fabric. When the
samples with between-group probabilities below .9 are removed, the total number
.of cases for the group is 27. Several samples with affinities closer to Fabric
M III, N III, and N IV could be interpreted as early exampies of these fagrics.
With so few examples it seems more likelv that they represent a subgroup whose
parameters require further definition. There is always the possibility that in
any given chronological period subgroups existed along with a major composition

catego;ges. The samples of groups F I and II with dark cores are best explained

169. See above pp. 71-13.
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as the resulf of incamplete oxidation during firing. They should be considered
as.belonging to Fabric Type III. | t

The single sample of Late Roman Cooking Ware, no. 183, (See p.éO) was
classified by'tha second statistical analysis as belonging to Fabric M IV. The
propability score was iow enough to reject the plece. The final analysis
attributed the specimen to Fabric Type IV with a between-groups probability.of
.97. Because oﬁly one sample was analyzed, definitive interpretation is not
vossiple, but it implies that the vessel could haﬁe been made by the producers
of red-gloss potterv. It may be observed that the relazfopship between so
called "ammex" products and the material from red-gloss mamufactogies at the
same location is rarely discussed in detail. The extent to wnich resources and
personnel were shared merits investigation. This seems especially true at
Carthage considering the composition of the IRCW I juglet frem locus 1M 7.

The ARS from this locus vielded the greatest variety of fabric types
from the initial two groups.(See Table 1.6) The second statistical(ggalysis
placed 7 cases in the M III category, but 3 have probability values below .9,
Removing cases with insuff;cient probabllity raéings fram M IV leaves 4 in that
group which initially had 14 members. Also, the table indicates that fabrics
defined by sherds fram locus 1IN 17 have representatives in stratum 1M 7. .
Selecting only cases with probabilities in the 90th percentile places three in
each of the fabric groups N III and N IV. Two 1M 7 cases,- nos. 179 and 181, had
scores which would place them in the Mahrine group but with probabilities less
than 90%. An additional two cases fram 1M 7, nos, 187 and‘211, were assigned to

fabric grouwn F III, but the membership probabllities are again below the .9

limit. (See Appendix II)
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The group of 11 sherds assigned to fabric M IV by their pﬁysical
characteristics was reduced to 6 by the seéond classification procedure. None
of these met the probability requirements for tertain attribution. When grouped
with the other Type IV sherds in the final discriminant analysis, they were
assignéd to Type IV Fabfic,'along with 5 other sherds from this iccus with
probability scores éenerally greater than .98 (see Appendix IV). The poor
discrimination between Fabric M IV and the other fabric sub-groups might be
improved by using a larger reference sample. Conversely, the elemental
abundances may simply have a pattern which corresponds to an intermediate fabric
type. It could also arise fram the combination of two or more subgroups. The
dispersal of the M IV group among unassignable cases with various affinities |
makes it the most diverse of all the origihal fabric groups.

The heterogeneity detected in the original groups M III apd M IV méy
reflect in par# the relatively small size of the initial reference groups
themselves, but the chronolOgic;l range represented by this material‘ﬁaQ also be
grgater than the separate intervals of time during which pottery accumilated in
the other two deposits. The reassigﬁment of material from 1M 7 to the fabric
groups of stratum 1IN 17 is congruent with the chronological overlap between the
two loci. There are other explanations for the variability in the material from
1M 7 whichmust be considered in conjunction with results from statistical
analyses of éhe other fabric groups. A contrasting picture emerges fram the
multivariate classification of fabric groups fram locus IN 17. A total of 38
cases were distributed between these fabrics in the initial classification. The
second discriminant analysis assigned 21 caséé to Fabric N III of which 6 can be

rejected because of their low probability values (see Appendix II). Fabric N IV
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has a smaller population. The discriminant procedure placed 15 cases in this
‘grouww. Three of these are eliminated by their probability scores. One
anomalous samle had a score which‘would place it with the M III group, but not
conclusively. Although anomalous cases exist, the original groups remain
intact. There also appears to be no material from the N 17 deposit which should
be assigned to fabrics identified in other lavers. Comparing the resulté from
the thfee deposits, the ARS fabrics recovered from locus 1M 7 are noticeably
more heterogqneous.

It may be tentatively éuggested that the broader cross section of
fabrics detected'in locus 1M 7 could be explained by circumstances which
affected the social and economic climate at Carthage during the first qgarter of
thg 5th century. The evidence gleaned from recent archaeological activity
éﬁ;gests the city was experiencing increased prosperity and population growth on
thé eve of the Vandal concguest. An influx of immigrants from the Eurcpean
provinces was partly respbnsible for this phenomenon. (170) <Concurrently,
overseas trade in some commodities mdy have been decreasing in the last guarter
of the 4th century. This has been inferred from the distribution of North
African amphora types.(171) Exportation-of red-gloss pottery may haveibeen
declining as well.(172)

These trends may not have affected the mafket for ARS at Carthage,
especially if the cilty's population increased. Furthefmore, the decline in the
export market might not produce an instantaneous reduction in the variability of

local‘production. In fact, the material from the British site on the southern

170. Humphrey (1980) 116.
171, Fulford in ECBM I,2. 258,
172. Fulford in ECBM I,2, 112-113.
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edge of the city shows "the late 4th to early 5th century is a majorperiod of
typological change, and fot .425 to ¢.475".(173) No further comments are made
about the apparent contradié;;;n implied‘by declining ARS exportation and - ,
greater diversity in local production. It is hard to reconcile the diversity at
this time, as stressed by Fulford, with his statement concerning production at
- Carthage a centﬁry later: "The greater the range and number 6f contempora;§
vessels at any site, the greater the chances are that this was the result of
regular and frequent traffic."{174)
Although the status of maritime trade at Carthage at the turn of the
5th century remains unclear, the typological varjety in the ceramic assemblagé 4
from the British excavatlons establishes tgé diversity of ARS production at this
time. The absence of unifofmity in the chemical configurations of the
contemporary ceramics from locus 1M 7 may not be completely fortuitous. It
would be reasonable to subpose that the demand for table ware accrued in
conjunction with the city's growth. The number of ARS workshops may have
miltiplied in response to the expanded local markef. Alternatively, existing
manufactories could have ;ncreased production.
Either possibility could easily introduce greater variability in the
- co?position of red—gloss pottery. The augmentation of output and the prolifera-
" tion of local workshops may explain inconsistent elemental abundances. One
could anticipate that more intensive exploitation of the local clay sources
would accampany intensified activity by the potters, forced to expose previously

untouched portions of existing deposits or to open new quarries. As they

expanded exploitation of the local raw material reserves, they would presumably

i
173. Fulford in ECBM I,2. 113.
174. Fulford in ECBM I,2. 114.

H
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.
encounter variations in elemental abundances which occur naturally in élay
bodies. In fact, the results from the analyses of clay deposits in the Carthage
region presented in Chapter III‘ indicate that such fluctuations can be qlzite'
extreme., Th.esg variations, of course, would induce changes “in the composition
of the finished ceramics. l -

i Only a portion of the 5th century deposit, 1M 7, has been ar;alyzed and
only a partial samle fran the other two deposits prévi%% ‘a basis for
canparison. More definite conclusions cannot be drawn until it is determined
what proportion of the material in these st;‘ata corresponds to Fabrics III and
IV. It will be necessary to integrate the results of the chemical analyses with
the typological study which is nearing completion. The diversity of |
conpasitional groups will also need to be tested against a broader d‘ata b;.se,
including material fram various chronological periods. Furthermore, pbttery
from other parts of the city must be tested. It cammot be assumed that the
deposits from the Canadian site are representative of the patterns observed in
other portions of tl;e city. Many factors can influence the content of a
particular pottery debosit. We do not know how pottery was distrib'L:ted withinl
the city. Were th_ere markets nearby? Were the pottery workshops within walking
cjis_tance of this residential quarter? How many mammfactories existed at
Carthage and were they all located in the same:- area? These are questions which
@y never be answered. A larger data base with which to compare material from
IM 7 ard the other deposits could compensate for some of the uncertainties which
these guestions represent. The data is not available as yet.

The uniformity of Fabrics N TIT and IV, representing material which

accumuiated later in locus 1IN 17, contrasts sharply with the disparity of the
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¢ two similar fabric groups in locus IM 7. If this does not arise accidental;y

from the sampling pfocedure,,ghe material frqom this more recent deposit may

reflect a decrease in the diversity of ARS production at Carthage during the 6th

century, broﬁght about by a decliné in local prosperity under the Vandal

Regime. (175) If some of the pdttery in the 5th century deposit (1M 7) was

imported from ocutside the imﬁediate area, the absence/of such material from the
6th century deposit could be a reflection of disrupted or altered trading
patterns—in--the wake of the Vandal conquest. “7

There are indications that thé export market for red-gloss from
Carthage revived during.the final decades’of éhe 5th centﬁry. This is
accampanied by "the emergence of a whole range of new forms".(176) Under these
circumstances one might anticipate variabil;ty in ccmpositionTas qutp&f
increased from local producers to meet this demand. The two fabrics which

long to this time pericd exhibit a relatively‘high uniformity in the

distribution of their chemical components. ©On the other hand, is it possibie,
that the production methods of local fabrics had becane more standardized?
Perhaps the number of campeting workshops had decreased. Further speculation
would be unproductive at present. The various interpretations cannot be
evaluated satisfactorily for the reasons already discussed. The liméted sample
size and the need to consider the fabric populations in the context of the
camplete inventory fram the three deposits allows only hypothetical

explanations. Nonetheless, further laboratory inveétigation of pottery

production at Carthage could be directed toward testing the apparent increase in

175. Fulfcrd: ECBM I.2. 114, points ocut that the export market for ARS declined
after the middle of the 6th century.
176. Fulford in ECBM I.2. 1i4 and LRP 423.
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fabric variability during the eag}y 5th century and the possibility of a
subsequent increése.in fabric hamogeneity duriné the 6th century.

| Scme of the ambiguities which plague the attempts to interpret results
from investigations such as this one could be removed if reference groups éould
be established with.the analysis. of material fram proven production sites. Mo?e
material fram Mahrine, and from other positively identified manufacturing sites
‘such as Oudna, nust be submitted for speétrographic examinatioﬁ. More of £he
ARS from Carthage must be analyzed as well to elucidate the patterns of
camposition in the fabrics which occur in quantity at this site. ch
investigations of chemical parameters will not resolve all of the uncertainties,
but further advances in provenience studies of ARS will be éeverely hamEered ¢

until analyses of this sort are undertaken.(177)

[

177. Rumours circulating of a cooperative laboratory investigation of ARS are an
encouraging sign. . )
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SECTION 2.4
DISCRIMINANT ANATLYSIS OF COARSE WARE

AND THIRD CENTURY LAMPS

Results from the examination of the ;:oarse ware produced in the kiln
excavated at the Canadian site 3‘.n Carthage indicate it was made with calcareous
clays. The abundances for CaC in this pottery range fram about 10 to 20%. d
These data are reported gn Appendices VI and VII. The slip, sample 404, from
one vessel, no. 403, was assayed as well. It contained a concentration of 10.9%
calcium oxide, 1.5% less than the clay body. A single sample need not be
representative of the entire group of coarse ware,(178) but the observed
aifference in‘ 'concentliations could have resulted from the emoval\ of larger
ca;lcite particles by whatever process was used to preparei the slip. Althougn
the determination of slip composition was.biased bv the sampling technique, it
indicates that a calcarfaous clay was emialoyed. S:ince no conparative data is
available from Carthage the silgnificance of this finding cannot be evaluated
satisfactorily. The lids belonging to Fabric N VII had Ca0 abundances of an
intermediate range, and the single s'tllxer‘d of LRCW I (sample 183) was made with
silicecus clay containing only about one £ifth the amount of Ca0 found in the
’{El}, century coarse ware.

‘ !

The buff coloration, as we have seen, is what one would expect if a
clay containing this much calcium was fired under reducing conditions.(179) The
design of the kiln would have suited a firing of -this sort. By inference, the

178. A difference of this magnitude could arise fraom the random error associated
\ with the analytical technique. See above: pp. 40-41 and Appengix XI.
179. See above: p. 75. -

¥
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earlier Roman buff ware frqn Carthage should also be made from calcarecus clays.
" Analysis df.‘ such material could show whether or not therc-? was a significant
difference in camposition whic;: could suégest alternate origins of manufacture
or other “local raw material sources.(180)

A prﬂ-liminary examination of the coarse ware data detected a very wide

s range of Ca0 concentrations with a cluster of values around 18%. This sugdgested
the superimposition of two Qaussian distributions. "I'he cases with elevated
calcium abundances included most of the handles and a few body sherds. These
were dgsigna'ted as a separate group, CW IB, in a second discriminant analysis.
The classifigation ;?rocedpre, sumarized in Appendix iV, distinguished between
these two groups, OW IA and IB, although three sherds with in‘;ermediate ca0
abundances showed lower than acceptable between-groups i:robabilities. The group
means for the two coarse ware camposition groups are listed in Appendix VII.
.The disparity cbserved between the two mean values for calcium abundance is
about 7%. The products of the coarse ware workshop are an extreme example of
fabric variability.

The unfired body sherd- recovered from the kiln room, sample 4334 was
assigned to fabric CW IA by the multivariate classification_ vrocedure. It
received a menﬂa'ership proba;bilit{{ score of .99 so there is no doubt about the
identity of this sample. A sufficient amount remains for further testiﬁg to
identify the origipal clay mineral used for mammfacturing the CW IA fabric.

Another unique sample from the material excavated with the kiln, the fragment
~

180. Elemental abundances for several componants of Roman coarse pottery made at
Bengazl have been determined spectrographically, but calcium was not one of .
them. Krywonos (19£9). “~

o)
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. of Hkiln‘ furniture (sample 424), was also classified as a member of the CW.I .

fabric with an acceptable score. t

The fact that handles have such a radically different composition from
the one used for the vessel bodies suggests. that different blends of raw
materials were used dell:'lberately to fabricate each component. The bodles of
the c‘oarse ware bowls and jugs were thrown on the potter's wheel. The handles
were not turned but pulled or rolled. An altermate paste may have been
emploved to accommodate the different forming technique. The implications for
prove:nlience ar:alyses of pottery in general and of coarse ware in particular are
cbvicus. Saxénpl&e should be taken consistently from the same part of the vessels
whicﬁ\-comprise any reference group. This will not eliminatf_- anomalBus pleces,

1

but it will be less likely toibias the resulits. (181)

| .
Calcium abundances are also greater than 10%, except for two cases,
in the 3rd century lamps. The relevant data are given in Appendices VI and VII.
As noted iIn Section 1 of this Chapter, such high Ca0 levels would place these '
cbjects firmly in the Italik;::_ceramic *gradition. Lanps analyzed fram the Raman
site of Vindonissa, located near the head waters of the Rhlne ;{iver, offer a
means for comparison. Three of the four fabrics distinguished by canpositioﬁal
variability had calcium concentrations in ‘the same range as the lamps from
Carthage. (152) The report on the analysis of the Vindonissa lamps does not

discuss the status of the fourth variety in detail, but it was made with

silicecus clay. This. suggests the possibility that a rival factory, staffed by

181. It would be Useful to determine whether or not such variation occurs
. between different portions of single fine ware vessels. Since the ARS
analyzed in this study was sampled almost exclusively from rims, any
varilability from uneven distribution of components within individual pieces
of ceramic was minimized.
182. Schneider et al. (1978) 280-282. ~
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potters of local origin, was producing "imitations" without the benefit of the
expertise possessed by potters trained in the Italic manufacturing tradition.

The absence of a similar diwvision in the 3rd century lamps from
Carthage may be significant. Assuming the typological distinctions between
imported an?i locally made lamps are valid, the results from the chemical
analyses imply the direct participation of craftsmen trained in European
factories in the North African lamp indusfry. The limited sample size and the
lack of comparative matérial from c%her North African contexts makes it’
inmossible to evaluate this suggestion at present. One important cuestion which
further research should address is whether or not the lamps bearing the mark of
the Pullaeni factory were made with calcareous clays. Thelr secure provenience
would provide a more meaningful comparison with European prototypes.(183)

The similarity in composition between the coarse ware and the lamps
makes it difficult to distinguish between these two kinds of pottery. This
poges no archaeologica& difficulties since they are well sepaqated by other
criteria. Nonetheless, a discriminant analysis of the coarse ware ard lams was
‘performed to determine if their compositions would suggest a cﬁmmon source {or
the raw material used to produce them.(184)

The classification procedure clearly distinguished between the coarse
ware and lamps. This is not surprising when one considers the chronologicdl

“interval of four centuries and the aifference in production methods which

separate the lamps from the coarse ware. The mamifacturing techniques for the

183. This family possessed an estate at Uchi Maius, about 30 km. southeast aof
the Important Roman town of Dougga. The location of the factory which pro-
duced the lamps, identified with a stamped trademark, is not known. Haywood
{1959) 56 and 61.

i84. The lamps were Inserted 1nto the sample population for the discriminant
classification procedure which separated Fabrics CW IA and CW IB.
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two varieties Af ceramic can ge assumel to be quite different. The lamps .were
moulded and the coarse pottery was definitely shaped oﬁ the potter's wheel.
The distinct requirementé of these two processes could induce potters to alter
the same raw clay in ways wnich could disguise the common origin of the finished
ceramics. Furthermore, the provenience of the lamps is uncertain. It is
likely some are imﬁé}ts fram Europe and ultimately all of them may have been
bfought fram other sites located at considerable distances fram Carthage.

A more interestiné*hsgect of the initial classification results was
the fact that the lamps did form clearly separated groups, although the
discriminant scores indiéated several of the:lamps had been imoroverly
assigned. These cases were allotted according to the group memberships
suggeste& by their discriminant scores. Then the lamp population was inserted in
the second discriminant analysis perfofmed with the coarse ware subgroups.

The, second classification procedure yielded three conerent clusters
whose members, with one exééption, displayed membership scores in the 90th
percentile. These resulis appear in Appendix V.  The plot of discriminant
scores in Figure 2.4c-e shows that the individual groupé are quite homogeneous
Two of the groupé are widely separated in discriminant space.

Comparing the results of this analysis with the original groups, based
on predetermined tvpological categories, indicates that the principal forms
occur in all three compositional groups. The successtul discrimination,
achievad in this investigatiqn with experimentally determined parameters,
indicqﬁes the typologica!fzriteria are not a comnletely reliable index of
provenilence for the third century buff lamps commonly encountered at Carthage,

The resuits demonstrate that it is inappropriate to designate individual lamps
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"

as lmports by using forn alone to separate them ffdn the other members of this
diverse 'class of archaeological material. Conversely, forms regarded as strictly
North African may originate elsewhere. In spite. of the uncertainties "@@
arise because of the limited sample size, the preliminary results obtained with
thé finds frcx\n the Canadian site are pramising. Future investigations with
larger sample populations-and securely provenienced reference g'roups‘shou_ld be
able to distinguish between imported lamps and the variocus locally made fabrics

which feature a common repertoire of decoration and form. -

-
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COMPOSITICN OF ARS SLIPS
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SAMPLE ORG FIN WI. % OF OXIDES * PPM OF OXIDES
NUMBER GRF GRP Si Al Ca Fe Mg Na Ti* Mn Cr
141 P 43 43 62.9 19.4 .75  5.14 1.25 .043 1.10 117 176
1427 S 43 60.1 20.1 .86  6.89 1.34 .042 1.14 48 179
S -P -2.8 i .09 1.75 .09 -.001 .06 -89 3
146 P 43 43 63.7 20.0 .88 4.4 1.08 049 1,08 118 195
147 S 43 68.8 21.5 93 5.5 1.09 .038 1.09 67 154
S - P 5.1 1.5 .05 1.1 .03  ~.011 .01 51 41
\]'
159 P 43 43 62.6 17.4. .86  4.02 1.030 .067 1.03 216 158
160 S 43 65.1  19.6 1.04 5.15 1.330 ,0867 1.06 142 253
S -P 2.5 2.2 .18 1,13 .300 0 .03 74 a5
183 P 54 k% 60.3 14.4 1.86 5.08 1.54 .426  ,987 322 216
184 S 62.0 15.5 1.66 5.78 1.41 .228  ,994 266 210
S -F 1.7 1.1 -.20 .70 -.13 -.198 . .007 v-96 -6
185# P 53 53 56.1 16.8° 1.23  3.61 1.87 ..325 1.05 _ 302 277
i86 S <k 56.8 18.7 2.62  6.27 1.87 L412  1.33. 306 298
s -pP .7 1.9 1.39 2.66 -.00 ,087 .28 4 21
ORG GRP = ORIGINAL FABRIC GROUP CLASSIFICATION. = F IIT # = LRCW II
FIN GRP = FINAL GROUP CLASSIFICATICN =M III #* = UNASSIGNED
P = SAMPLE WITH SLIP REMOVED: S = SLIP . =M III
= N III

64

N IV
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TABLE 2.1 . {CONT)

COMPOSITION OF ARS SLIPS

SAMPLE ORG FIN WT. % OF OXIDES - * PPM OF OXIDES
NUMBER GRP__GRP si Al Ca Fe M Na Ti *  Mn Cr
194 S 54 -54  61.3 14.9 2,02 5.11 1.44 ..262 .898  B26 136
195 P 54 67.9° 15.2  1.42 5.43 1.53  ,258  ,902 1051 125
S -P 6.6 .3 -.60 .32 .09 -.004 .004 225  -11
211 P 53 *x * 1.1 16.6 1.34 5.01 1.09  .252 " .10 517 136
212 S 62.4 18.5 1.38 6.09 1.22  .308 1.02 507 131
S - P 1.3 1.9 .04 1.08 .13  .056 .08 ~10 -5
357 P 64 63.5 14.1 1.04 4.55 1.14 .336 1.01 126 96
356 S 61.5 _ 15.0 .98 4.26 1.13 .183 .99 176 86
S -P ' -2.0 .9  ~.06 =-.29 ~.01 -.153 -.02 50  -10
380 P 64 64.9 15.5 1.34 5.29 1.56  ,248 .893 205 = 122
381 S . 61.3  14.6  1.17 _5.28 1.47  .258 .885 _ 198 ' 131
S -P -3.6 -.9 -.17 -.01 -.09  .010 -.008" -7 9
// ’
- s ,
386 P 63 72.1 16.0 .59 4.16 1.15  .238 1.12 112 123
385 S 74.3 _11.5 .62 5.07 1.17 _ .246 1.08 62 67
T s-P 2.2 1.5 -.03 .91 .02  .008 —.04 50  -56
39 P 63 8.8 15.6 1.68 4.75 1.39  .272 .990 261 222
389 S 65.4 15.2 1,07 4.35 1.20 _ .169 _ .975 _ 112 _ 346
. §-P. -3.4 -.4 -.59 -.40 -.19 -.103 -.015 -149 124
400 P 91 60.3 11.9 3.02 6.22 1.56 ,700 .93 1045  155.
401 S- 91 62.3 15.4 2.16_5.68 1.22  ,130 1.17 272 171
S-p -2.0 -3.6 - -.86 -.54 .34  .570 -.24 773 16
ORG GRP = ORIGINAL FABRIC GROUP CLASSIFICATION. 43 = F III  # = LRCW II
FIN GRP = FINAL GROUP CLASSIFICATION 53 = M III «_** = UNASSIGNED
P = SAMPLE WITH SLIP REMOVED; S = SLIP 54 = M IIIeE-\§
63 = N III
64 = N IV

-l
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FIGURE 2.1

STACKING FORM 26 and FORM 23 VESSELS
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FIRST DISCRIMINANT AMALYSIS WITH ARS POTTERY. TERRITORIAL MAP FOR DISCRIMINANT GROLPS

L]

{ASSUMING ALL ANCTIONS BUT THE FIRST THO ARE ZERD)

CANONICAL DISCRIMINANT FUNCTICN 1

-R0 -U0 160 -8.0 A2 8.0 6.0 - 4.0 no
2.0+ 1= *
1 = I
| 5 )3
1 = I
1 1= I
I = 1
2.0+ + + + + + 1=+ + +
I = I
I 1= i
H = I
I = I SYMBOLS USED IN
1 = I TERRITORIAL MAP
16.0 + + + + + + =+ + +
I 1= ISBOL  GROUP
I = [ ——
I = I
i = I 1 MI
I 1= I 8 FI
8.0 #1111l + + + + + 1=+ + + C FII
Nt = I 0D FIII
I iy . = P J FIX
1 i ¥ 1= [ N NI
1 mmmnmannmiituniniiinm= I 0 MLV
1 ‘ 11111 INRENO00000000000U. = I X NIII
O+ + + + 100000000 J= + x4 + Y NIV
i ' a 111I11111)00000(**XJJJJ J= [ = NVII
I 11111111100000000D0DDO0O0S J= I LI
I 111111111 D0000DCOD BU J= I * Gp
I 111111111D000D0DDD oJ J= I CENTROID
1111000000000 D0J J= I
-8.0+40000 -+ + + nJ + k= o+ + +
i Y J= I
1 1Y J= I
i 0 J= 1
1 11} = l
1 (] J= 1
-16.0 + + + + 11} + =+ + +
I 1 J= 1
I 411V = 1
I (1Y) J= |
I 1] J= |
[ o = l
=40+ + + + bJ+ + J=+ + +
i Dy J= l
1 oy J= [
I n J= I
I ] J= [
I n J= i
=320+ poJ J= +
2.0 -u.0 =160 -2.0 R 8.0 16.0 4.0 .0

<

W+

117



) | ' o 118
FIGE 2.3

THIRD DISCRIMINANT AHALYSIS WITH ARS POTTERY FABRICS. TERRITORIAL MAP FOR DISCRIMINANT GROUPS
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CANONICAL DISCRIMINANT FUNCTION 1
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TN SECTION 3.1

' SAMPLE SITES
\ BN

™,
™,
~

The clay sampling program which constituted the second major aspect of
the present investigation was essentially designed to obtain a preliminary
inventory of the raw materials available for Roman pottery mamfacture in the

the immediate vicinity of Carthage. This inventory was intended to provide data
which could be used as a guide to the proveniences of the ceramics analy;ed in
the other phase of this research., As we observed at the beginning of this
reﬁbrt,(lsﬁ) it is preferablie to evéiaate the poss;bility that a given variety.
of 'pottery derived from a particular source by camparing the potterw's

scientifically detérmined physical and chemical characteristics with the
analogous attributes of a reference collection of ceramzcs whoée proveniences
are secureiv established by other archaeological criteria. Petrological
examination of potterv from Carthage has been used successfully to identify the
approximaté locations where several varietles of coarse ware and amphorae were
oriqinally made. These techniques have not_yielded satisfactggy results with
ARS fram Caréhage, primarily because the fine ware usually has few diagnostic
mineral inclusions.(186) Furthermore, there is general agreement that the most

camonly occurring ARS fabrics were indeed manufactured at Carthage because they

constitutz a very high percentage of the total fine ware assemblage.(187) But

i85. See above: pp. 5-6. o
186. Peacock in ECBM I,2. 6 ff and 14.
187. See above: . 5.
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thissjiiﬁmption, albeit a reascnable one, must be verified by the identification.
and equentxexcavation of pottery workshops. Without this archaeological
confirmation one can not be sure which ARS fabrics provide reliable guides for’
tracing the origin of red-gloss pottery found at Carthage.

‘Consequently, when m} regearch began theré was no material available
which could have constituted a suitable provenience standard with which to
canpare the ARS from the Canadian Site. Potentially, the coarse ware, CW I,
fram the kiln located on the site,itself, might have provided one valuable guide
to the origins of the fine ware fabrics. Unforéﬁnately, because the ARS proved
to have a camposition so radically differenf fram the coarse ware'the latter was
useless as an index fbr deciding whether or not any of the redﬂgloss potterf
gould have been made by potters plying their trade at Cérthage.(lsa) In any
case, tﬁe.utility of the coarse ware as a point of reférence could not be
aséertained until all of the ceramics had been analvzed and the resultg had been
scrutinized. TRerefore, . it still would have been necessary to use an althhate

-

source of comparison on which to base a study of provenience for ARS the pottery .

~

from Carthage. The local clays were analyzégdko de;;Emine if any of them could
» .
furnish an approﬁriate reference standard.

There are limitations to this method. These have alreadv been
described, but they should be mentioned again at this point in the present
discussicn. (189} Unéertainty arises from the fluctuations in conposition of
natural clavs. Such variability is influenced by factors whose affects often
cannot be gauged accurately. Any alterations of the raw materizal by the potters

are difficult to quantify becéuse we are usually ignérant of the methods they

188. above: Chapter III, pp. 108 f£f.
189. above: pp. 7, 62 and 103.
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used for purification or for pretreatment. Desplte the difficulties involved
with trying to match natural clays with ceramics made from them several feseafch
teams have met with success. (190) One of the most convincing investigations

: s

compared physical properties and chemical composition of Roman red-gloss pottery
produced in Germany with data obtained from %lays fired under controlled
conditions in the laﬁoratory. The study of thelGerman material combined
petrological examinations with spectrometric determinations of elemental
abundances to locate the clay beds exploited by the potters.(191)

When the project for analyzing pottery and clays from Carthage was
first conceived a similarly comprehensive program was considered for locating
potential raw material sources. This proved to be impractical for a numbe; of
reasons.. “Among thesé, cost and access to the necessary analytical equipment
constituted barriers which could not be overcome within the limitations of time
under which the present research was conducted.

It was decided that a qualitative assessment of the clay resources at
Carthage would be feasible. Furthermore, limited testing would provide data
which could serve as a basis for future research ané as a guide to other
investigators studying pgttefy in this pért of the Raman Wo:%d. Since there is
no published data pertaining to the camposition of clay deposits in the Carthage
region, the results of a limited study could help define the parameters for more
canprehensive investigat;ons.

Having established the objectives described in the foregoing

par#ﬁraphs, the program proceeded in the following way. First, potential clay

190. Schreider et al. (1979); Heimann {1982); Birglil et al. (1979).

191. Heimnn (1982). Another similar study successfully located the
source of clay used for the mamufacture of coarse pottery at

¥ Cologn=. Hancock (1984).
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deposlits were located by prospection conducted on foot. The plasticity of clays
was tested in thé field to aliminate unsuitable sources. Then the trial pieces
were Tired to determine if the clays could be utilized for pottery marufacture.

L
Subsequently, elemental abundances were obtained for nine components by direct

current plasma emission measurements. Finally, ;he compositions of the clays
were compared with one anathar and with the results from the quantitative
analysis of the pottery from Carthage. The details of these procedures are
elaborated in the following sections of this report.

Raw materials were collected between 1980 and 1982 at Carthage and at
several other sites within an approximately 50 kilometer radius of the city.
Clays from threa other sites where pottery was mamufactured during the Roman era

'
were included in the sample population. Budgetary constraints limited sample
collection to easily aacessible deposits. Clay was collected from strata
exposed by ercsion and by water courses. Deposits uncovered by the construction
of roads and buildings and by archaeological excavations completed the sampie.

Consequently, the sample does not pep egf a complete inventory of
the geological formations in the test areg. Also, éanaidering the number of
potentially exploitable, deposits located, epore intenalve survey of the
Carthage peninsula and other sample sites would probably iigiease this number
considerably. If it had been possible to take core samples, for example, a more
complete reaord could have been praéuaéd along with a geological profile of

‘

greater depth. On the cther hand, it,geems reasonable to suppose that potters

would have preferred using clays obtainable with as little effort as possible.
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There are instances of clay mines(192), but deposits near the surface would be
preferred if the clay were of sufficiently good quality.

By restricting sampling to eésily reached deposits, the clays obtained
for analysis represent resources which would have been more economical to
exploit. Also, it is likely that Roman artisans wouid have detected such
deposits., Land use ‘would also have affected the accessibllity of clay deposits.
Clay beds within the urban sectors of Carthage probably would not have been
available to Roman potters. The requirements of space in the dgnsely ropulated
city and regulations prohibiting certain iﬁd&éfries which posed fire hazards
should have prevented Qorkshops from operating within urban areas. On the other
nand, there were pottery kilns in the central part éf Carghage during the
Bvzantine period if not before. At Tiddis in'Algeria a substantial potters!
quarter with several kiins existed in the centre of the town. Although there may
havL been some pottery productlon and quarrying of cla? in Carthage at an
earlier date,” it was decided to concentrate prospection in the areas beyond the
mown limits of intense habitation. (193)

Sampling soils at or near the modern ground surface was avoided where
possible. This precaution would minimize the effect wnich growth and decay of
vegetation, bacterial action and human activity might produce on cnemical
composition. It has been observed, for example, that elevated phosphorus and
sodium concentrations may be encountered within areas where wlld animals are
abundant. (194) Dense human habitation, presumaply, could produce a similar

effect. There are cases when this criterion was not applied. Some of the

192, Nicholson and Patterson (1985) 55-56.

i93. Peacock (1982) 98-101, observes that kilns were normally located
outside populated areas, but adds exceptions to this rule.

194. Hart and Adams (1983) 181.
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sampies were taken in ancient and modern urban areas. Others were obtained
where agricultural is currently being practiced. The application of modern
chemical fertilizers could alter soil conmposition drastically from what it was
7 in anticuity. In several instances the decision was made to sample soils which
might have been fertilized qr wnich couid have absorbed run off from cultivated
land, because more suitably located deposits at a site could not be found during
the tim; and with the equirment available for prospecting. Given thg
alternative of having no data at all from some sites, the choice of %cquiring
iess than ideal samples seemed preferable for a preliminary survey.
Interpretation of the results obtained from such samples would have to allow for
the possibility of contamination. The descriptions of the sites whose soil was
tested identify clavs which could have been affected v post—Roman activity.
‘ The éites where clay samples were taken are de;cribed in the following
sectionlof this report. Their locations are indicated on the dizgrams and
plans which accampany this chapter. (See Figures 3.1-3.19) It was not possible
fo obtain detailed maps of all sample sites. Topographic maps of certain areas
were not available fraom the Tunisian cartographic service either because the
sunply was deéieted or bBecause the appropbriate maps were subject to security
restrictions. Archaeological publications furnished same of the diagrams.
Sketch plans were made in the field during sample collection. The accoampanying
illustrations derive fram these field notes when more accurate maps were
unavailable. '
Carthage

A total of ten different clay deposits were sampled on the Carthage

promontory. During the Punic and Roman era the city was situated ona
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penipsula. The'so—called‘Sinus Uticensis to the north has since became filled
with silt, moving the shore line a considerable distance northwest, Numerocus
descriptions of the tapography are available from recent excavation repbrts.
The Cérthage region is pért of a larger geﬁlogical formation which ranges from
Algeria to Egypt. Clays occur in abundant tertiary sediments.(195) .The
disposition of the sites where samles were collected on the Carthage peninsula
is pregented in Figure 3.1.

Site 1 - Hamilcar. {(Figure 3.2)

N Hamilcar is located approximately 100 meters southwest of the modern
Botel Hamilcar. Horizontal strata of argillaceous séil are exposed on the
eroded slope of an escarpment which rises aﬁruptly from the Mediterranean shore
to an eievation of apprbximately 56.5 meters. A fortuitousﬁéxcavation by
mechanicél earth-moving equipment in June of 1980 cut a section through the clay
bearing strata. Seven strata of varving thicknesses could be distinguished on
the face of the four to five meter high section, but only six could be reached
for samoling: the uppermost layer and thé lowest five. The approximate
configuration of the strata is shown in Figure 3.2b along with the approximate
locations from where the samples were taken. Samples 1-7 were obtained from
this deposit. Samples 8 and 9 are fractions prepared by washing a portion of
samle 7.

This clay bed would have been gquite accessible during the Roman
period. There are no indicatlorns of any ancient habitatioﬁ on the top of the
escarpment adjacent to the c%ay deﬁosit. There is a large Roman cistern about

700 meters to the north across the paved road leading to the Hotel Hamilcar.

195. Bullard (1978); Peacock in ECEM I,2. 14.
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Further north along the éscangment, red sandstone was quarried for use in Roman
ana Punic timess It seems likely that the quarry operators would have known
about the nearby clay deposit. Whether or not they chose to exploit it must
remain conjectural, but mining the clay would have been consistent with the
activity carried out a short distance away. - ‘

Canadian Excavation Sites. (Figure 333)

The excavations conducted by the Ottawa-McMaster Team along the
northern limit of the Roman City detected argilliferous strata in several spots.
Clays from three sites were tested. These sites are located in excavation units.
The sample locations are-shown in Figure 3.3. Because this area was intensely
occupied from the 3rd centurvy until the capture of the city at the close of the
7th centurv, the clay beds could not have been used by potters. The site is;
however, located on the edge of the city and the ground level appears to have
sloped dowrward toward the north, beyond the city limits. It is quite possible
these clay strata could have been aécessible beyond the city wall.

Site 2 (Trenches 1 & 2)

Two sambles were taken from clay-bearing strata in the main excavation
trencn. Sample 10 consists of material excavated from laver 2CCIM42. This soil
appears to belong to a natural stratum cut by foundations of a building occupied
during the 3rd Century A.D. Samples 11 and 12 were prepared from sample 10.
Sample i3 was Faken from layer 2F44, a stratun cut by Roman building activity.
Although these strata are over two meters below modern ground level, they were
not as inaccessible in Roman times at ieast until .3rd century accumilation in

this area.

»
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Site 3 (Trench 6)

. @ *
Other samples, (nos. 14-18) were taken from excavation trench 6.

“u

The argillaceous strata were approximately 1 to 2 meters below the\5th century
’
road surface. When samples were taken in 1980 these lavers were considered not

to have been redepcosited by buiiding activity,} Access to any recent

- —

I
interpretations from those in charge/0f publication of this part of the site has
not been possible. ~

Site 4 {Trench 8) ~.

The remaining samples from the Canadian site, nos. 19-23, were
obtained fram trench 8, The strata, exposed at 1 to 2 meters below Decumarus

VI, appeared to be in situ, but no further information is available as yet.

Site § — La Malga A. (Figure 3.4)

A clay bed, approximately 850 meters northwest of the Canadian site,
was located with the ﬁelp=yf Mohammed Ben Amar, a local resident who had acted
as foreman and site supervisor with the Canadian Team. When he heard of
attempts to locate clay sources he suggested a visit to this site where local
artisans ébtain clay for making imitations of ancient lamps which are sold to
tourists. The site is situated on level ground in an open field some 50 meters
from a small dwelling (see Figure 3.4). There was short grass growing here when
samples were taken. The land has been used for cereal cultivation in recent
vears. There are no visibie vestigés of Roman or Punic activity iﬁ the vicinity.
Tnis site, like the one at Hamilcar, could have been exploited quite easily
2

during the life of the Roman Carthage since its location would not have

2
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interfered with activities in the urban area. Access would have been subject to
the discretion of the landowner

, Samples were obtained from what seemed to be a single stratum of clay
mw by three shallow pits about one meter deep and two to three meters
apart. It seems these were excavated by the local mamufacturers of ceramic
sbuvenirs. Samples 25 and 26 were taken 1 ﬂetep below ground surface, cne meter
apart, in the bottom of the first pit. Sample 27 was taken from a pit about 4
meters to the north at the same depth. Sample 28 was taken from a third pit

. ®
same 2 meters west of sample 27 at a denth of 25 anm.

Site 6 - La Malga B. (Figure 3.4)

The major water storage facilitv for the Roman City was located about |
500 meters south of the pfevidus site. Two samples, nos. 28 & 30, were taken
Jhere from the present grourd surface, 30 meters east of the agueduct channel
whi#g forms the eastern.boundary of the cistern complex. Vegetation was sparse
in ;Eié area where the argillaceocus soll offered verv poor drainage. According
to Mohammed Ben Amar, this was in the centre of a deposit whose clay was
preferred for making souvenirs, tut residents had been prohibited from
excavating here since the area became part of the Parc Archéblogique de
Carthage. Presumably Roman potters were also prohibited from quarrying in the
area adjacent to the city's water suoply, although there are no traces of any
buildings‘which would have encumbered the site. While this ﬁould not have been
an ideal quarry, the soil was sampled to obtain comparative data (see Figure

3.4).
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Site 7 - Colline de Junon. (Figure 3.5)

as:
Along one of the modern roads leading eastwards from the La Malga

Cisterns at the base.of.the Cglline de Junon, a ditch varying about .50 to 1
meter below ground l;vel, cut through a thick stratum of clay. (See Figuré 3.5)
The deposit extended some 50 meters along the road west of a monﬁment known as
1'Edifice des colénnes. A single sample, nio. 31, was taken at a point 40 meters
above sea level and approximately 75 meteré from the mommment. This is the
onlv visinie indicatiph of Roman vuilding activity near this clay bed. However,
there has been little exploration of this portion of the ci%y. Following the
ditch failed to vield anv sign of occupation for a'distance\g; about 100 meters
west of the building. Further eﬁaminafion'of the area was prevented by thick
vegetation. No artifacts from anv periocd were ooserved in the material remowved
during excavation of this part of the ditch. Roofing tiles and pottery were
onserved east of thg'bath pwilding. Unfortunately the ditch was ;efilled before
additional samples could be obtained. Since the area in question was located
within the encicsure of the 5th Century clty wall the resource was probably notuaﬂ

available for use. On the other hand, there were apparently no buildings which

would have prevented removal of material,

_ Site 8 - Byrsa. (Figures 3.5-3.8)

\
Excavations by French archaeologists on the Byrsa Hill in the centre

of the R;Nan city revealed a stratified clay deposit where samples 32 to 44 were
obtained. The deposit is located 50 meters above sea level. A 1.5 meter trench
had been cut through the deposit revealing 10 superimposed layers of

argillaceous soil. The gualitv of this clay had alsc attracted local artisans
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who had asked the excavation director for permission to e some oﬁ EB)%

The Byrsa clay would have been sealed beneath the forum of the/Roman city.
Although Roman potters copld not have exploited this raw mater.:lal, the deposit
offered an excellent opportunity to examine the canposition of a stratified clay
bed. One stratum ‘é sampled twice to measuve variability within the layer.
Figure 3.5 showé the location of the sample site. The position of the strata
and samples taken from them are illustrated in Figure 3.6.

Site 9 - Gamart A. (Figure 3.1)

(\ Prospecting in the northern part of the veninsula located arglliaceous

soils near the village of Gamart (see Figure 3.1). Samples were takeh where“the

 modern road cuts through the deposit.. This area is now an orchard. It is not

o
kmown how the land was used in Roman times, buf there is no evidence of building

in the immediate area. Sample 45 was taken 50 cm below the ground suf‘facé where 7
a single stratum of clay was visible. Samples 46 and 47 were taken at the same
depth 50 meters arnxd 65 meters respectively west of the first sample.

Site 10 — Gamart B. (Figure 3.1)

A short distance southwest of the orchard at the base o;f the Djebel
Khaoul erosion of the slope had exposed a stratum of clay approximately 1.5
meters thick. Pits had been cut into ;th:ls layer apparently to obtain ;Iche clay.
Sample 48 was taken from a pit 50 cm";elow ground surface. Fractions c;f this
ciay were mumbered as samples 49 and 50. Further up the slope, erosion had
revealed another stratum oi" material of distinctly different quality which_;iias

also tested (Sample 51} This is unencumbered land. It seems unlikely that

mman activity has altered the composition of these strata.

196, Personal cammnication Prof. S. Lancel. See Lancel (1982).
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Site 11 - Nabeul A. (Figure 3.7 and 3.9)

. The modern v;ilage of Nabeul is renowned fo; its ceramic production.
Eﬁfensive clay pits are located immediately west of the village.(197) Sqmples
were‘taﬁen in two areas wnere modern quarrying was in progress. (See Figures
3.9-3.11) The first area was adjacent to the northern side of the modern road
at d;Ltance marker "25 Grombalila" of Route C 27 This location is approximately
0.5 in from Naceul. Quarrving had exposéd several distinct layersiég clay whose

configurations are iilustrated in'Figgre 3.9. Samples 52 through 58 were

obtained at this site. ’ 24

" Site 12 - Nabeul B. (Figures 3.10 and 3.11)

A deep cutting 500 meters east of the Sample A site revealed a
sequence of clayv strata approximately 7 meters deep. The strata within reach
. i 7
were sampled. The sample locations are indicated in Figure 3.1i. The scale of

this drawing, made at the time of sampling, is approximate.

Site 13 - Cudna-A. (Figures 3.7 and 3.12-13.) {

The Roman Town of Uthina, modern Oudna, is a site where ARS
manufacture nas been confirmed.(198) The workshop could not be located at the
time of {he survev. Samples of clay, nos. 66-72), were obtained south of the
main habitation area near a Roman oridge whiéh crosses a wadl. This site is
ooposite the town. The first series of samples was taken 0 meters east of the
bridge on the southern side of the stream bed. No occupational debris was

ovserved here, but at the same elevation, approximately 5 meters west of the

‘bridge, ashlar plocks, perhaps from oous africanum pillars, were visible. The

modern ground surface should be approximately the same as it was during the

197. Peacock (1982) 38~39.
198, LRP.295-296. Typical products are illustrated in LRP 149-155.
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Roman occupation since the road leading across the bridge is covered by only O

-to 25 cm of soil. It is reasonable to assume the clays do not represent post

Roman alluvium (see Figure 3.12-13). The oppbéite side of the gully is about
1.5 meters lower than the sample site. The elevation is approximately 100
meters above sea level.

Site 14 — Oudna B. (Figures 3.12 and 3.13)

Another clay, bed was located a?but 200 meters further east of the
bridge. It was exposed @here the wadi pgd cut into the steep side of the hill
occupied oy the Roman town. This was directly below a bath complex, identified
by E. Wightman during a visit to the site. The elevation of the clay bed is
apbout 100 meteré, 40 meters below the top of the Henchir Qudna at this peoint.
Part of the bank had been removed by quarrying a 2 meter thick layer of soil.

fwo.samplgs were taken: Saﬁple 73 at 1 meter below ground surface, and

Sample 74 at 30 cm directly below the first sample,

Site 15 — Thuburbo Maius. (Figures 3.7 and 3.8)

. = Two different clay beds were loccated at the Roman town of Thuburbo

Maiuﬁ. This settlement is soutiwest of Oudna, adjacent to the Oued Miliane.

Samples were taken here to obtain more data on the clays of this drainage basin.

Construction of the foundation for a museum building at the entrance to the site”

revealed a layer of c1a§ immediately below the modern ground surface (see Figqure
et . -

3.8). Samﬁles 75 and 76 were obtained at a depth of 50 cm on opposite sides-of

the building. RAccording to Mr. Sharabi, guardian of ;@‘site in June 1980,

material “de cette sorte gu'on trouve & plusleurs endroits" is used locally for

marmfacturing pottery. One further sample was taken at the Oued Miliane

t/'%
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southeast of the town. This sample was purified and the fractions given sample

numbers 78 and 79.

Site 16 - Mahrine. (Figures 3.14 and 3.15)

Soil sambles were takén at several locations in the vicinity.of the
pottery works at Mahrine whose products’were analyzed as part of this
project (see Figure 3.15). A group of samples was obtained from the banks of
a wadi 75 meters from the base of the hill where the mamfactory was located. A
modern aqueduct crosses the wadi at this point. Although the stream bed is
about 2.5 meters below the surface of the adjacent ground, the banks slope at an
anglé of about 45 degrees and are partly covered by thick.vegetation: :
Consequently it was not possible to distingyish individual.layers of .soil. It
se;;;Hlikely that this material is not post Roman alluvium. Eroded material
would have been deposited further east where the gradient decreases at an
elevation of about 65 meters. There'may haﬁe been some erosion of the sloﬁe to
the&norsgiﬁbux the exposed level of occupation on the hillside suggests that the
terrain had not altered drastically since the site was aSéndoned.

The four samples, nos. 82 —~ 85, were taken at approximately 1 meter
balow the mgdern ground surface where vegetation was sparse. Numbers 82 and 83
were recovered from the southern side of the wadi with a 6 méter interval
between them. Numbers 84 and 85 were taken from the northern bank. Material
excavated to construct one of the supports for the agqueduct was also saﬁpled,
no. 88, Sample 85 was levigated and the component portions were amalyzed as
nos. 86 arnd 87. It must be stressed that these five samples may be composite

samples of material mixed from portions of other strata by erosion of the

sloping bank of the wadi.
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Samples for analvsis were taken from a patch of clay within the area
where ﬁottery mamufacture took place. An oval area of 2 meters in diameter was
noted because of the complete absence of vegetation. Closer examination
revealed a patch of ciay. apparently too deﬁse to support plant growth unlike
much of the surrcunﬁiné arpa. Testing showed the deposit was at least 10 cm
deep. At the southeastern edge of this vegetation free area, rubble and mortar
walls protruded qggpt 1 meter_from the ground surface. These included the
corner bfia bullding and a circular constfuction. The fungtion of these could
not be determined without excavation, but the circular feature showed no signs
of vitrification or degradaticn one would expect to cbserve in a kiln or
furnace. It might be the remains of a cistern. In anv case, two samples of the
ciay, nos. 80 and 81, were taken since this soil might have been brought there
to ﬁrovide raw material fOr pottery making. The disposition of this @aterial is
shown in Figure 3.15. | !

Site 17 -~ Sidi Thabet. (Figure 3.14)

ot

At the junction of routes P8 and C31, 14 kilometers northwest of
Caﬁrha . & stratum of argillaceous scoil, approximately 1.5 meters thick, had
beéi exposed by road construction. The stratum occurs slightly above the level
of P8 at the base of a vertical embankment, 8 to 10 meters high. Two samples
were talken, nos.B89 and-QO, two meters apart, from the centre of the stratum.
The location of this site is shown on Figure 3.14.

Site 18 - Qued Medjerda.l (Figure 3.14)

Route P8 crosses the Oued Medjerda, 28 kilometers from Tunis. At this

Doint, ercosion exposed two superimposed strata at the modern ground surface\

: ¢ o L

approximately 4 meters above the bottom of the stream channel. One sample yas
: ¢
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analyzed erm each stratum, nos. 91 and 92. Thelr locations are shown on Figure

3.14.

© Site 19 - Utica. (Figures 3.14 and 3.16)

Prospecting for argillaceous soils in the vicinity of the Roman town
of Utica was not very fruitful; however, a single deposit was found a short
distance west of the access road, 1.4 kilometers ﬁorth of the intersection with
route P8 (Tunis/Bizerte) and 1 kilameter south of the Utica museum. The
deposit occurrs.on a hiliside at an elevation of about 35 meters above sea
level. This land is now used as an apple orchard, but no other signs of
occupation could be found. Terracing byf%achinery had expoée&'two layers dfu;
argililaceous soil beneath a thick covering of sandv loam. A sample was taken
fram each one, nos. 93 and 94, at the points indicated in Fiqure 3.16.

Site 20 - Tiddis A. (Figures 3.17)

A group of samples was also collected a considérablé distance from
Cart??ge at Tiddis, Algeria. The Roman town, Castellum Tidditanorum, is
situ;teé,on a high piateau southwest of Constantine. Since red-gloss potterv

.3

was manufactured here, (199) clay samples were sought for the purposes of
comparison with material from Carthage. The Roman settiement is on a steep
hillside. Argiilaceous soils were located along the eastern edge of the urban
area approximately 10 meters from what excavators believe were settling tanks
used for processing ciay. These features are located on the edge of the built

up portion of the town at the base of the siope. The kilns where potterv was

fired are located within the town, some distance away (see Figure 3.17)

. T4

199. Bertnier (1972).
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Samﬁie 95 was taken from the stratum of scil 50 cm below the ground
surface. The soil sample may not be from an undisturbed natural devosit, since
this stratum was exposed by a drainége ditch. Approximately 5 meters west of
wnat excavators believe were bath buildings, a 50 cm thick stratum of clay below’
several occupational layers was sampled, no. 96. -The upper surface of the clay
stratum was 3 metebs below the.present ground surface. It is quite possible
that thié'éail‘ié composed of méféfiél transported fo its érésent location for
packing a foundation trench.. There is no published stratigraphical information
about this excavation at Tiddis which could clarify the function of this

stratum.,

Site 21 - Tiddis B. (Figure 3.17)

Two other samples, nos. 97 and 98, are composed of soil removed during
the excavation of tombs in the cemetery east of the Roman town. There are no
published plans on which to base a map showing the precise sampling locations.
An interval Of¢£9 meéers separated the samples. The excavations had reached a

-

\
depth of about 1.5\meters.

\
Site 22 - Tiddis C

One further sample, no. 99, was taken of surface soil approximately 4
kiiometers northeast of Tiddis. The nearest landmark is the cylindrical
sausoleum of the Lolli family which is located in the middle of agricultural
land. When the site was visited a standing crop of wheat covered the site. The
sample was taken from the ground surface at a point 10 meters west of the

monument .

o
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SECTION 3.2

ANALYTICAL PROCEDURES AND PHYSICAL PROPERTIES

Samples of 100 - 500 grams were collected in polyethylene bags., These
were allowed to dry before storage and shipment. Samples were divided into two
4

portions: one was stored with material from the Canadian excavations in the

Museum at Carthage; the others were brought to Ottawa for processing and

analysis. The plasticity of potential samples was gauged by roll testing in the

field during collection. This method of evaluation may seem crude, but

cohesiveness and the cavacity to form a thin roll are characteristics which
Roman potters would probably have used as a guide to selecting clays. Clay
samples were piaced in a double envelope of polvethylene bags. These were
wilaced on a granite slab and the contents weré crushed with a hammer. A portion
of the cr;;hed material was then g?ound in an agate mortar. After drving for
eight hours at 100 degrees Celsius ground portions were fused for DCP analysis.
An aliguot of dried material was also used for determining loss on ignition.
These procedures were the same as those used to prepare pottery samples, except
that the clay samples were not washed. &
Portions of cr?fhed.clay were eXamined under 20X magnification for
inclusions. The results-Qf/thls examination are reported in Table 3.1. Most of
the clays contained at least same fine sand. Mica was detected in only a few

samples. Angular grains of a dark brown mineral occur in at least same of the

clays in every depesit, although they are more abundant in some. These appear
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to be identical to the dark inclusions detected in many of the pottery samples.
Many of tﬁe clays have small bits of white maferial which is presumably calcium
carbonate. It is possible that som% of these white inclusions are calcium
suiphate. Gypsum quarries are reportfed at Thuburbo Maius. (200)

Other samples, especlally clays near the ground‘surface, céntain a few
small land snail shells. This is of some interest sinde their decomposition
could affect the calcium concentration, in particular, of clay and pottery made
from such.clay. Visibie pileces of snail shell were removed 4 fore clay samples
were pulverized, but it is likely that smaller, undetected'pigces were included
with analvzed portions of some samples. Pieces of organic matter, principally
root_hairs. were also removed from sampies before grinding.

The resuits of this examination are presented in Table 3.2. The
inclusions which occur naturally in the clay samples do not reveal any striking
anomalies between deposits which would distinguish them from one another. The
possible exception to this is mica which seems relatively rare. It appears in
the clay strata at Oudna, Tiddis, Byrsa, Mahrine, Hamilcar, Mjerda, and Nabeul.
Although it does not occur in all strata, most of the major deposits contain a
stratum with some mica. Micaceous lavers were found in most of the deposits at
Carthage. | -

It would be possible to dfgferentiate between the clay mineral types
encountered in variocus deposits using x-ray diffraction. Unfortunately this
could not be included in the analytical program. The results from an XRD
examination would have considerable scientific interest, but because the A

' crystalline structure of clay minerals is altered by heat the technique has

-

200. Lezine (1968) 1.
!
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iimited utility for matching clay deposits with fired ceramics, the material
analyzed in the major portion of this study. One unfired sherd of coarse ware
was recovered with the material from the kiln excavated on the Canadian Site,.
sample no. 433. It is hoped that when funds and equiﬁméht become. available this
sample, along with a selection of raw clay%flcan be analyzed by XRD.

The clay samples were evaluated for their suitability as raw material
by a test firing. Portions of 1 to 10 grams wepe mixed with enough deionized
water to render them workable. They were kneaded by héﬁd and shaped into
briguettes. Rubber gloves were worn for this procedure. The gibves were washed
and rinsed with deionized water between samples. The briquettes were
approximately 0.5 cm thick and varied in size from 1 to 2 cm square. The color
of these pleces was recorded using a Munsell Soil Color.Chart, 1975 Edition.
After drying for 48 hours at ambient temperature and humidity, they WEE? fired
in batches of 25 to 30 pieces in an electric muffle furnace. The furnace was
brought to 1000 plus/minus 50 degrees Celsius. This temperature was maintained
for three hours. The furnace was then turned off and allowed to cool before the
test pieces were removed. This temperature was selected because it approximates
the range of temperatures which have'been established for red—gloss_pot%é_
production. af¥er firing the color of each piece was recorded and the
durability of the fired pieces was then assessed. The relets from this
experiment are summarized in Table 3.2. °

Several samples were selected for qualitative measure of the effect
which washing might produce on chemical composition. 200 milliliters of
deionized water were added to 10-50 grams of crushed clay. The container

was then closed and shaken for about 3 minutes. The water was poured into

°
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another container carrving suspended clay along with it. The two fractioés were
evaporated to dryness at 100 degrees Celsius. Portions were then ground and
subjectéd to the same experimental procedures and analyses as the othef samples
of pottery and.clay. N
The strength of the test pileces was gauged by breaking them with the

hands. A few of the pidces simply crumbled at being touched. These included
samles of arglllirerous sand from Carthage, Nabeul and Utica. These were
categorized as "weak/crumbly'. The next category,."weak“ could be broken by
exerting very little pressure with one thumb, while the sample was held between
two fingers. Samples which fractured only when pressure was applied by
pressing with bothfthumbs as a fulcrum, fortune cookie fashion, were classed as
moderately stropg" This group was as durable as many pottery sherds fram
Carthage and consequently the clays were considered as satisfying the minifmum
criteria for pottery production. ' In practice they might have been rejected if
better clays were available.

! The nexg category of highest durability was assigned to those pieces
which could be broken only by asserting the maximum pressure with two hands.
Samples with this streﬁgth were categorized as "strong"”. Test pieces wﬁ&ch
could not be broken by hand were assigned to one of three categéries. The first
of these, "very strong” (V.étrong) consisted of brigquettes which could be broken
only with a cammercial tile cﬁtter Samples of the most durable briquettes
showed traces of a glassy layer forming on thelr surface. These were grouped
under the heading of "partially vitrified"” (p.vitr). The final category was

reserved for samples whose test pieces had a uniform glassy surface and which

also showed signs of losing their shape. In two instances when the furnace

)
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over—k;eated o about 1100 degrees Celsius, samples in this category simply
melted forming a pool of glass.

It is recognized that this crude 'and rather subjective Ming
technique does not produce results which could be reproduced with a high level
of precision. The firing test itself was not designed to produce dataiwhich
could be subjected to rigorous analysis. There was no pretense of reproducing
the firing conditions or the clay working techniques used for ARS manufacture.
Although temperature waé controlled, the kiln atmosphere was not monitored and
the- uneven colora/tion of some test pieces indicates that it fluctuated during
firing. Unﬁier"{l’wse circumstances precise measurements of hardness, porosity or
shrinkage would produce results which would make direct comparison between ,
individual clays and Roman po'cter\,L meaningless. A far more cmprehensivé
experimental program wou.lc\l be necessary to obtain accurate measurements of the
effects produced by firing these clays. What the results of the firing tests do
show is that usable ceramics could have been produced from most of the samples
collected in the field. In many instances du.E'able pottery, of a quality
conparable to ARS, would have resulted fram utilizing reIative:ly impure clays.

It may well be asked whether there is a lower limit to the amount of
clay mineral which must be present in an unfired clay to produce usable pottery.
The quantity required 1s governed by several factors in addition to how much
hydrated aluminium silicate is present. If clay is fired to sufficiently high
temperatures for impurities such as calcium to cause incipient vitrification of
the clay matrix and the mineral temper, a sufficiently durable product may
result. If one considers the case of (ARS it seems that 14 to 10% of alumina by

walght was the norm. It is not possible to determine what equivalent welght of
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clay &his represents unless cme knows which cléy mineral was used to make the
pottery. | The ratio of silicon to aluminium variles frcm 2 to 1 for pure
kaolinite to 4 to 1 for illite and montmorillanite; however, alunimm often
replaces same of the silica and portions of the iron and other elements in the
crystal lattice. These substitutions can lower this ratio considerably. By
examining the composition of ARS, it can be seen that the most common ratiio of
silica to alumina is appraximately 3.5 to 1. This ratio is reported along with
the chemical abundances in Appendlx \;I\\‘Ihe \;'alues for~this parameter inciude
the s:lli-ca present in non-plastic tempering materials. If one uses the higher
r:;tio to estimate the amount of clay mineral in the samples analyéed here, one
can cbtain a rough estimate of the maximm amount of clay mineral which each
sample could contain.(201) ) ) ‘

Examination of the spectrometric data indicates that niany of the clays Q

have silica-alumina ratios in excess of 4. These are listed in Apvendix VIII.
The values suggest that most of the clays located during this study would have
needed at least some purification to render them suitable for producing African
Red Slip. The alumina-silica ratios of the test pieces which performed poorly
are generally quite high. The alﬁmina content shows that several of these
sample&sx/mu_ld coentain less than 10% by weight of clay mineral. It is important
to note that some samples with relatively little c;lay mineral, produced durable
ceramic. Sample 4 from the Hamilcar beds contained only 1.6% alumina but it
made a mode_arately strong ceramic. Although Sample 13 from the Canadian
excavatior}?ilte had only 3% alumina, the fired briquette was rated as “very 4

-

'strong". This sample also contained about 26% Ca0, which/nay have increased the

201. Tite et al. (1980) 111-112.

¢
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durability of the test plece. Calcareous clays are noted for producing ceramics
with high compressive strength. (202) _

) Some of the poor quality‘briquettgs were made from samples with an
excessive amount of impurities. Comparing the results obtained with clays from
Mahrine illustrates this phenhomenon. Sample 85 produced a weal: test piecej A
portion of this clay was fractioned. The briquette made with the coarse
fraction (Sample 86) also vielded a weak c¢Eramic when fired, but the fine
fraction showed improved strength. Similar behavior was observed for Sample 10
from the Canadian Site. A moderately strong ceramic resulted from firing the
clay. When the raw clay was fractionated, the coarse portion could not be
shaped at all, while the fine ?paption produced a "very strong"‘ceramicf more
durable than that producéd fram the original, unprocessed clay.%

It is interesting to note that some of thie weak priquettes were made
with clays having more than 10% calcium oxide and frem 7 to 17% aluminium axide
and, therefore, a relatively. large amount of clay mineral. Sample 82, for
example, has silica/alumina ratio quite compatible with what occurs in ARS.

This strength of this briquette may have been‘diminished by the sizé‘ag;f?e sand
particles observed in the sémple and the other argilliferous soils fram this
site. The presence of numerous snail sheil fragments may have prevented the
formulation of a strong matrix in the fired example, or introduced stress in the
unfired briquette during drying. It is reasonable to suspect that washing or
slaking this clay could improve its cquality since the fine portion of the

lévigated sample from this deposit was more durable.

202. Tite et al.-k1980) 118-120. P
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The firing tests were made on essentially ﬁsable clayé. The fact that
many of the clays with compositions within the range observed in &RS began to
vitrify at 1000 degrees Celsius suggests the artisans could have obtained
perfectly atceptable results by firing these clays at slightly lower
temperatures. It should be remembered that those clays which did not perform
. well could have been mixed with other clays, or purified and gubsequently
incorporated into various pottery fabrics., Prelimingry treatment might have
rendered them suitable for ceramic production. Scaking the clays or "curing"
them in a humid environment might improve their ﬁérformance by éaturation with
water or by allowing bacterial action to reduce particle size. All of these
factors would need to be evaluated by a much more camprehensive testing program
before one could be absolutely certain that the clays which performed poofly in
the firing test were rejected by Raman craftsmen. -

A majority of the clays exhibited at least a slight shift in color
after being fired. The results in this case have little value in determining
whether or not a particular clavy could have produced a specific color of pottery
because the kﬁln atmosphere was not constant. Briquettes placed near the kiln’
vents sametimes displayed two differené colors. Again one must consider whéther
or not clays were mixed either deliberately or by inadvertently cutting into
more bthan cne stratum when the raw material was quarried. One would need to
make a systematic camparison of color shifts under oxidizing and reducing
conditions to evaluate the potential range of colors which a given clay could
produce. Nevertheless, the fiting tests make it clear that Roman potters at
Carthage had access to clays which couid produce pottefy in hues ranging fram

10R to 2.5Y with ghe full range of ues and intensities. The relationship
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betwem‘the color of raw clay and fired clay is governed by many factors. -One
can observe from the fi experiment that artisans at Carthage could have used
more than one clay scurce to produce pottery with the colors exhibited by ARS
and by the coarse ware made on the Canadian site.

The consistent selection ¢ * calcareous clays for certain pottce~v L‘ss
fabrics and siliceous clays for other fabrics, raises an intriguing question.
It is not known Tiw the Raman potters made this distinction. They certainly did’
not have sophisticated analytical equirment at their disposal, nor did they have
the theoretical basis for categerizing materials whict; -hgas developed within the
last two centuries c(s:l\.i our era. They presumably made eubirical cbservations, |
based on the behavior.of clays as they were washed, shaped-and fired under
various conditions.(203) Ultimately it seems reasonable to suppose that the
characteristics of a particular clay when fired determined its (;uitability for
ceramic production, Attic potters used test pleces to monitor kiln temperature
and atmosphere.(204} The skill of Roman potters suggests they were dquite
capable of performing similar operations at least for determining whether or not {

specific clays would yvield the desired result.

L

Potters at Carthage searching for new clay sources would have needed

a
to test a fairly wide variety of clays. Given the con@ositional.variability
within most of the available clay beds, picking the appropriate clay for making‘
either ARS or buff ware at random would have offered a very low probability of
success. One might wonder i1f there were properties of the natural clays which

could ald in narrowing the choice of clays which a potter would need to test.
————

&

203, Picon et al. (1975} 195FF.
204. Farnsworth, M. "Draw Pieces as Aids to Direct Firing". AJA. 67
~ (1963) 72-75.

3
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Color is certainly one éf the most obwicus character;stiﬁs‘to consider. The
" clays at Carthage exhibit a fairly wide range of color. ' The colors of the glays
analyzed for this project are listed in Table 3.1. Tﬁey are represented
graphically in Figures 3.18 and 3.19. It can be seen that the clays containing
more thin 15% Ca0 have colors ranging from 10R fo 2.5Y although most exhibit
hues between 2.5Y and S5YR. The largest number have values that range from 4 téT
é.‘ The chroma, or intensity of color, is less diverse. Most of thé calcareous
clays sampled in this study have a chroma of 4. The clays‘w;th less than 15%
Ca0 have a more restficted ra;ge of hpes. They are relatively evenly
distributed among the 5 categories, sharing this s 'truﬁ displayed by the
calcareous clays.

) " The spectrum of color values is virtually identical for all of the
clays, irrespective of Ca0 confext. The clays with less than 10% Ca0 have the
largest percentage of chroma designations between 6 to 8. Consequently; there
.seams to be.a tendency for the clays with less Ca0 to display a redder, more
intense chrama than the_calcareous claysi Because there there are exceptions
which cause overiap between groups, codlor is a poor indicator of camposition in
the clays from this region. The presence of white inclusions detected in many
of the clay sampmles- would alfo help to identify clays Containing'calcium. Roman
potters jwould, of course, have relied on the behavior of the clays,'not on an

evalua;iﬁg of their chemical composition to select their materials.
- — B

—_

Whatever firing procedures were-used to make the various fabrics

analyzed in this study, the*potters selected either calcareous clays or clays
r’ .
with a low Ca0 content preferentially. They could have used the color of the

'
U]

raw clay to choosesfn assortment of raw materials for further testiQi;\‘Clays

N



which did not perform weil in subsequent steps of‘the marufacturing process
would have been eliminated from the initial group. Unfortunately, there is
no qescrintive information in the literary corpus which describes the steps
followed by Roman potters in preparing raw clays for thé’subsequent steps of
pottery manufacture. The graffiti from La Graufesenque indicate that workérs

were assigned to specific tasks such as digging clay, applying slip or

burnfishing pottery, and stoking kilns. (205) The details of these procedures can
be surmlsed but one might suspect that the,behaV1or of clays when ‘washed,
oy the shrinkage of shaped vessels could ai§? be used as criteria for rejecting
lays as unsuitable. It is reasonable to suppose any untried raw materials
would have been sﬁbjectedrio the appropriate fabrication procedures and the
results evaluated on the basis of the artisan's e#perience before a décision was
taken on whether or not to use a specific clay. ' :

All of the cléys analvzed for the present study could have been used
for making pottery. Searches for o%h@r specific means of detecting calcareous
clays With the technology available té the potters of Roman Carthﬁge led tc a
simpIéqéxpegiment: A common gualitative technique for éetecting limestone is to
place a drop of\ﬁydrgchloric acid on the material. The carbonate reacts with
the acid and bubbles of carbon dioxide are released. Hydrochloric acid was
simply not available in Roman times;qgut acetic acid in the form of vinegar
would have been plentiful. Several samples of clay fraom Carthage with garying
amounf;ﬂof Ca0 were treated with vinegar to see if this substance could be used
to detect(calcium carbonates. Amounts of about\?.l graﬁs of ground clay weng
placed in a test tube. About é ﬁilliliters of vinegar were then added to each

——— el

205. See Chapter 1, Section 1. A
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one. All of the clays showed some reaction without any agitation. The clays.
with less than 1% Ca0 emitted a few bubbles. Activity subsided after about,66?
secords. The clay containing 13% Cao ins't‘:antaneousl'y pr@ced a froth which
rose to ta height of about.2 cms. The reaction slowed after abbut 30 seconds,
but con'tinued for about cne hour. -It seems clear fr:om this experiment thati
vineéar can be used to distinguis_h clays with an elevated percentage of Cao.
These is no proof that potters at Carthage or anywhere else in the "

Roman world actually used this qualitative test. A.search of potential literary

(—v sources has not turned up any evidence fof potters using vinégar or any other
substance for testing the quality of clay; however, two refererj,ices to vinegar
are worthy of mention in this contéxt. A frecfaently cited pa e in Pliny
refers to miners cuenching heatéd-\ rocks with vinegar to isp'l’i/nter them. {206) It
is generally believed that this account should not be taken literally. vPer‘haps
he or his informatants have confounded descriptions of an assay technique where
vinegar was used to ‘tﬁs‘c for carbonate content. Vitruvius provides a clearer |
description of the 'L;SE.' of vinegar as a chénﬁcal reagent. He describes the
preparation of basic copper acetate, by e:;lpo\sing copper f£ilings ‘to vinegat‘r;\ in a
closed container.(207) This recipe was employed for mamifacturing the greé\r\
pig;xent verdigris. These passages demnstrage that Roman craftsmen used
vinegar for chemical procedures; and they imply that knowledge of its properties
was common if not widespread. The references do not prove that Roman potters:
ever attempted such experiments. Hc‘:vwaver, the descriptigns of these processes
are examples of a large body of empirical knowledge which was applied by

Y
craftsmen working with a variety of materials including metals, minerals and

1

206, Hist. Nat. 33, 70.
207. de architectura, 7,12,1.

)
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muercus organic substances. These industrial techniques were employed in
workshops scattered throughout the Roman world.(208) It would not have been
unusual 1f éotters subjected their materials to simple assays using reagents
commonly utilized by their contemporaries. Thus, in addition to the standard
procedures for refining and firing clay, ;raftsnnen could have used 'other simple,

empirical methods to isolate calcareous clays for inclusion or exclusion from

thelr raw material supply. \

j
4
1

208. Various passages illustrating the empirical knowledge of Greek
and Roman craftsmen are provided by Cohen and Drabkin (1975).
K.D. White's recent work is also informative. White (1984).
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s SECTION 3.3

CHEMICAL COMPOSITION OF CLAYS .

There is a rather wide range in the composition of the varicus soils.

This is not umsual considering the mmber of samples and the diversity of thedr
physical enviromments. What does seem surprising is the esxttent of variability
_bwithin particular deposits of rélatively pure clays-;. Results from the DCP
determinations of chemical composition for the clay samples appear in Appendix
VIII. Appendix IX reports tyfe frequencies of occurrence for the elemental
abundances 1istec :{n Appemﬁx VIII. The freqzmhcim"are presented as two
separate distributions: one. for the clays from Carthage ard cne for the clays

~ from the other sample sites. The frequency diagram:i: clearly illustrate the wide
range of compositicns available in the argillaceous '|\s.oils found at Carthage and
at the other locations in ﬁorthern Tunisia. When one compares the two sets of
historgrams it becomes obviousp';;t the ranges of concentration occcurring in the
Carthage clays are the same as the distributions found in the clays fram other
locations. The diagrams also show that many of the_soila have much less clay
mineral than the mini‘unnn required for producing ARS and the other ceramics
analyzed in this study. Even if one restricts discussion to the samples which
contain amounts of clay comparable to those found in the ceramics fram Carthage,
the variation within and between deposits 4s significant in many instances. It
is Aimportant to cbserve that the frequencies for the Carthage deposits show

essentially the distributions as those displayed by the other deposits.
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The elemental abundances vary cm:xsiderably in the clays with an
aluminium oxide concentration of 10% or more. Iron and calcium are the two
other major constituents which t_amert the strongest influence on the color and
strength of the fabrics examined here. The magnitjzde of the variation in iron
content 1s relatively small in camparison t‘o the fluctuation of calcium
| The clay bearing strata fram the Hamilcar bed with nearly the same amount of
alumina have calcium compositions which vary fram 1 to 25 percent. (See sample
nos. 1-6.} The Byrsa deposit which has a somewhat more homogenecus alumina
content also displays a wide range 6f Ca0 abundances although that parameter is
more constant in the strata with higher concentrations of alumina. These are

the two deposits at Carthage which provided the largest selection of clays. The

hY
hl

depo:;ts in the vicinity of the La Malga cisterns appear more homogensous, but
the samples may represent a blend of different clays. .

The clays from Oudna and Nabeul which occurred in clearly
defined strata, offer additional insights into the variabllity within a single
depesit. The materlal from Nabeul A is quite unifopn, although Sample §6 has
nearly twice the iron content or the adjacent stratum. It 1s especially
interesting to observe that the concentration of iron in a second sample from
tI:‘ne,same stratum, no.55, varies almost by the same amount. Sample 53 has a
tenfold greater: abundance of manganese than the other strata, but this element
often displays & Wide range of values. The soils from the Nabeul B site, a
short distance away, are much more heterogenecus. Calcium concentratilons

fluctuate considerably in strata containing essentlally equivaient amounts of

alumimmn oxide.
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The Ouina group is quite consistent, although calcium cxide, once
again, and silica vary appreclably in certain instances. The high silica
content and relatively low mnts of alumina indicate that these argillaceous
solls would have recuired purification to raise the clay content to levels
acceptable for ARS _marmfacture. The remaining clays represent groups too small
to warrant detailed assessment of compositional variability. Arm'malies do |
appear, however, which seer;1_ to distinguish clays fram different deposits.
Mangranese oxide concentraticns above 1000 ppm occur consisfently in the clays
from Thuburbo Maius, the two sites near,tﬁé.Medjerda west of Carthage and in the
solls sampled at Tiddis. Some of the clays at Carthage also contain large
amounts of manganese, but the majority do not. This trace element in particular
has potential for helping identify specific deposits in this region.

The data from samples fractioned by agitation in water gives an
indication of how washing might alter the composition of raw clay. (See Table
3.3) Bs one might expect, the percentage of silica is generally higher in the
coarser portions. This presumably reflects the settling of heavier sand
particles. The differences in the amount of alurﬁina raetween decanted and
settled portiqns is not alweys pronounced. Particle size probably accouflts for
this somewhat erratic behavior. A more thorouagh pulverization and longer o
slaking times before -agitation would prooably have increased the relative
amounts of alumina in the fine fractions. Even the cursory washing increased
the pﬁrity of the clays from Mahrine and Hamilcar. In both cases the alumina
content was Increased by 1% by the separation process. FMurther washing would be
required to raise the alumina concentration of the Mahrine clay to the levels

measured In pottery manufactured nearby.
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Calcium concentrations were higher in the decanted portions of the

samples. This is samewhat surprising since calcium carbonate has a low
solubility in water. Apparently the carbonate occurs in particles small ermugh
to be held in suspensicn with the clay for the brief interval of time before the
fine fraction was separated. Iron exhibited the same behavlor as calcium which
suggests it genefally occurred as a component of the clay minaral Titanium
behaved relatively congistently. It was usually associated with the fine clay
fraction, but 1t was more abundant in ‘the coarse portlon of the clay from
Thuburbo Majus. Virtually identical concentrations of titanium were measured in
the two portions of the levitated sample from the Gamart deposit. Generally,
this element seems to be assoclated with the clay mineral, but Ti may occur in
heavier particles of non-plastic material in the. anomalous samples,

Magnesium and sodium are found most commonly in water soluble form:
and these elements are frequently components of clay minerals. As one would
expect, both MgO and Nao mntm’:ioge were slightly greater in the fine
fractions with one exception. A nearly three-fold greater amount of sodium was
detected in the coarse fraction than that irr the fine fraction of the Thuburbo
Maius sample. The abundance of sodium in the coarse fraction of the clay from
Thuburbo Maius was nearly three times greater than the amount measured in the
fine fraction. It would be nec&esar; to conduct a petrologlcal examination of
this clay to determine what minerals in the sample could account for this
anomaly.

The two trace elements, manganese and chromium, exhibited similar
patterns of distribution. Manganese was sometimes more abundant in the decanted

porticn and in other Instances it was present in greater amounts in the coarse

ar“ A
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fraction. The difference in concentration, however, was often insimificznt.

The variation observec_i between the abundances of Mn in the two ﬁortions of the
sample from Thuburbo Maius was only 30 ppm in 500. The confidence limits
establ:iéhed for the spectrometric data indicate that a difference of this
magnitude could occur from random error in the experimental procedure.

Chromium, likewlse, was not associated with a particular clay fraction.
Abundances for this element also show that the washing procedure did not
increase Cr concentrations appreciably in the decanted portions of most of the
samples. Levigating the clay from Mahrine did result in a 70% increase in the
amount of chramium in the fine clay fraction. Other research has indicated that
the trace element manganese, in particular, is often found with the heavier
mineral inclusions which commonly occur in clays.{209) Th.e levigation procedure
.applied to the raw materials from the Carthage region squesté the distribution
of this elements may be different in same of the North African clays than it is
in argillaceous soils from other areas.

There are, on the other hand, anomalous aburndances of manganese in
some of the material from Carthage. The La Malga clays samples which were taken
in relatively close proximity to each other exhibit disparate Mn cancentrations.
Sample 26, for e:a@mple, contained 277 ppm of Mn, in contrast to sample 27 which

>

contained 1338 ppm o this oxide A similar degree of variation is observable

in the data obtained £ the Byrsa deposit. © Sample 36 had nearly five times as
much manganese as that found in sample 35. These samples were taken from
adjacent strata within the deposit. There are also instances when manganese

abundances fluctuate markedly in pottervy samples of the same fabric.  (See

209. Hart and Adams (1983) 182.

¥
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Appendix VI.) An extrem case is the coarse yare sample no. 421. whose Mnd
. content greatly exceeds the mean value for the group.

The washing e:qaertiment did not modify radically the abundances of the
cconstituents measured inh the raw clays. In fact, because the differences
observed between the fine and the coarse fractions were often within the
standard deviation, the lesser variations may simply arise from the random
exverimental error. This fact does not mean that one could expect the same
behavior from the various chemical components 1f the clays had been purified by
a more complex process. Since slllca and the other elements which camprise most
of the sanmple can be found either in the clay matrix or in non-plastic
inclusions, their behavior during washing depends on the jform in which they
oceur. Possibly, longer settling times would allow for more complete
separation, but a more detalled investlgatlon seems warranted for evaluating the
effects of various washing procedures on the dispersal of principal caomponents
and trace elements North African clays and in the pottery made fram them.

The results from the clay analyses were surprising since the geology
of the region is considered cuite uniform. There was same doubt about the
‘utility of analyzing samples which could have proven to be essentially .
identical. The extreme variability at Carthage and within individudl deposits
poses very substantial difficulties for deciding v;rhere potters obtained their\
raw material. The range of concentrations, represented by the frequency
diagrams in Appendix XI, demonstrates that two clays frqm separate deposits can
appear virtually ldentical. Also, because the individual clay beds contained so
many unique strata, discriminant analysis comparing groups of clay samples, or

-
conparing single clays with the ARS, would have been a useless exercise,

] o

-
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Furthermore, the very low alumina content of many of the gl indicates they
could not have been used for ARS manufacture Wwithout considerable modification.

- This would alter their compesition sufficlently to make positive identification
of sources an impossible task using chemical{abundances alone. Although the
clays were not compared with the ARS pottery using multivariate statistical

' procedures, general observations on the relationship between the fine ware and
the local raw materials can be made from the elemental abundances as they stand.

The fact that siliceous clays were used for ARS mamifacture does
eliminate several deposits at Carthage as potential sources for raw materials.
The La Malga and Gamart clays are mich toe calcareous for making ARS pottery.
Several of the clays from the depdsits on the Canadian site could have been used
with extensive purificatio forl ARS production. The Byrsa has the most pure
siliceous clay and the deposits show good uniformity. It is a likely candidate
cﬁ chemical grounds, but it would have been inaccessible in Roman times. One of
the strata in the Hamilcar bed (Sample 7) contains a clay wnich could havel
purified relatively easily to reach the appropriate alumina/silica ratio, but
its manganese abundance is much higher than the average value of the ARS ta,
pottery. If mixed with the adjacent layer during quarrving the Mn abundance
would be closer to the r%nge found in the ARS.

The compositional range of the Hamilcar strata makes this clay bed the
best candidate for raw materials among the deposits located in this survey.
There are, of course, similar clays at other sites. Experimentation with
different levigation procedures would be needed to fully evaluate the potential
of this source. It should be noted that the clay bed adjacent to the pottery

dump at Mahrine would have provided silicecus clays. The raw material would
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have needed refining to match the characteristics gf the ARS, bt the proximity
of the .siliceous clay deposité ‘to the manufactory sugg&éts that this clay
furnished raw material for the pottery workshops located at Mahrine.

! bn interesting problem is raised by the analysis of the clays from
Tlddils. All of the samples had calcium abundances greatér than 10%. {(See nos.
95-99 In Appendix VIII.) If these samples are representative of the prevalling
canpositional pattern in the local clays it implies that the potters at Tiddis
used calcareous pastes for manufacturing red-gloss pottery. Obviously, these
ceramics.must be analyzed to determine if such clays were actually used to make
them. But, if red—-gloss was produced at Tiddis with calcareocus clays, |
circumstances different from those which influenced the ARS industry in Africa
Proconsularis may have governed the development of table ware manufacture in
Numidia. An examination of the ceramics fram Tiddis would enlarge cur knowledge
about the svolution of ceramic techriology in the African provinces. This might
lead as well to a better understanding of the economic conditions and of the
socilal climate in this portion of the Rcman Empire. ' - -

-

] Patterns of chemical canposition shed same light on the potqhtial
scn:rc&e of clays which could have been used to manufacture Fabric szeé IIT and
IV. It has been assumed the'y were made at Carthage. If this is true, material
fram the northern portion of the peninsula in the area between the Canadian site
and Hamilcar could have furnished the necessary siliceocus clays, but the clays
examined in this study could not have been used in their natural state. A

positive identification of the sources used for making ARS at Carthage has not

N
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been made. There remains. the cbvious possibility that the actual sources were
not located by the preliminary survey. It is sald that clay deposits also exist

near Sidi Bou Sald; and there are probably others in locations which were not

sampled. It is also mrth considering the alternative that facilities producing

ARS were not on the peninsuia of Carthage. A survey with the primary goal of
locating manufactories at Carthage should be considered. Since kilns usually ' -~

have high thermoremanant magnetism, a magnetometer survey would be appropriate.

The cpen areas near the Hamilcar clay bed would be an obwicus place to begin a

program of exploration..

Producers of coarse ware and "Italic” lamps would have had a much
wider choice of resources at Carthage because of the prevalence of calcareous
clays. Furthermore, the high silica content of the (coarse ware suggested the
possibility that natQ:al clays might have been used widh little or no
purification. The clay samples with more than 10% alumine were included in the
final discriminant analysis with..the coarse wa&'e and lamps to test their ‘
compatibility with these ceramics. '

| The re;sults are summarized in Appendix V. A plot of the discriminant

scores appears in Figure 2.5f. Comparing thig graph with Figures 2.5a-e, the
plots of the discriminant scores for the coars; ware and for the third century
lamp fabrics, shows that several clay samples fall within the cluster of values
for some of these ceramics; but the classification procedurel assigned 0 within-
group probabilities to most of the clay samples. This should be interpreted as
an Indicaticr that they do«\:m; really match the compbéition of the ceramics.

!

~ {

‘



‘ - 166

v ! . - - LN

" Several of the Carthage clays contain clay minerals in amounts which
shoulc: make them adequate raw material sources for coarse ware manufacture. But
generally these t]:flafyg Eontain too much calcium, and either too little or too
much alumina to have been used without modification. éor production of the coarse
ware fabric CW IA and for the subgroup CW IB. Assuming the clays are
representative of the site as a whole, the potters mist have blended or purified
their raw materials. The exceptions fo this generality aré the clays from La
Malga and Gamnart. These are the most probable sources ldentified by the
discz:iminant analysis as sources for materials used to produce the coarse ware;
but it would be misleading to claim thatlthey were the ones exploited.
Campositions which would result from mixing either the clays in the immediate
vicinity of the kiln or the soils at Hamilcar could provide an equally. good
match with the ceramic. Dis:criminant scores for membership in the ?carse ware
groups CW IA and IB - made in this kiln on the Canadian Site ~ were higher for
the Nabeul clays than the scores were for the clays from Cérthage. This could
be interpreted to mean blays frem Nabeul were used for making this pottery. B
This highly improbable conclusion illustrates the risk of relying uncritically
an resource analysis for provenience studies in\this region.

The larrp fabrics are father more closely compatible with the natural
clays if one allows for modification of the raw materials. Fabric IMP IT has
the highest calcium aburdances, which malke it most similar to the Gamart and La
Malga clays. The variability within the other clay beds, however, makes it
Impossible to rule out any single\scrl:rce.

A more ambitious analytical program Incorporating petrologlcal
examination of raw clays and of clays subjected to different purification
procedures might lead to a positive identification of the sources used for

coarse ware production at Carthage.. An investigation of this kind could also
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help to detemine whether or not any of the lamp fabrics could have been made ‘
. o~

there. The chemidal presented here have identified gdod candidates

among the various clay/deposits in the vicinit{ of Carthage for inclusion in a

a more cmpréhensive progrlam combining experimentation and 1abora}:ory analysis’
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SECTION 3.4

' SUMMARY REMARKS

Archaeology is the stuay of himan activity. Its ultimate goal is to
derive plausible reconstructions of the past by interpreting the patterns
visf}-aie #in those culthral materials which have survived., One can easily lose
sight of that goal in research focused on phenomena which, presumably, the

original makers and users rarely, 1f ever, considered at all. But one must be

- cautious when interpreting the data from laboratory examination. Scientific

techniques extend our perception one step closer to the artifacts than our

senses normally allow. But extrapolation from this vantage point is perilous

. because we aresone step removed from the ctnsciocusness of:the draftsmen who did

not possess our analytical tools. Furthermore, there are uncertainties inherent
in sampling procedures and in the other aspects of the analytical process
itself. dReco:?tmting the situation in which the North African ceramics were
created técopfl?s a difficult task when one is faced with such limitations. In
spite of this, the_ chemical properties of thé pottery‘ from Roman Car%iag‘e do-
enhan~ ourrknowledge of the local ceramics industry. A number of tentative
hypotheses have bemgroposed here which cannot be discussed profitably without

additional data. Leaving those aside, there are several conclusions‘which

1

should be strgssed .

This investigation has demonstrated that ARS was prgduced from

chose these raw materials "deliberately. The analyses have shown tha

clays are re;at?lvély-rare‘ \idn the vicihity of Carthagey This finding supp§rts

£

e
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the assertion that these raw materials were not selected haphazardly. The
discussion of firing methods and kiln design sugg&etz that the fabrication

techniques may have encouraged potters to avold cal clays. The physical

%rapteristias of the red-gless pettery and what is known about ‘the'
pyrotechnology used in Roman Africa leed to the conclusion that ARS manufactures
employed methods quite different’ fram those used in European wi:)rksh.ops‘ to
produce Samian ware.! There are details of the ARS production processes which
remain obscure. Clarification of these uncertainties will require petrological
examination, firing tests and other analyses. The utilization of silicecus clay
and techni'cnl differences betweez:ARS and the red—gloss from European fac£ories
indicate that the African pottery developed independently from the Italic
industry. ' | |

We camnot be abéolutely certain that immigrants did not participate in
ARS produgtion;” but the clays and metho@s used to make ARS strongly suggest the
major Samian factories in Italy ind in Eu/lu.@ﬁ not the brincipal training '
ground for the African potters. The possibility that ARS fabrication
techniques derive from local North African traditions needs evaluation. ;[‘he
cantinuity of mamifacturing processes in this region should be assessed by a
thorough investigation of pre—Roman fabricdtion techniques, specifically the
- mePhods used for making Punic eramics of all kinds. These, like the African
.-.Qed-glos_s pott?ry, have been ﬁeglectgd to the detriment of cur knowledge about
the interaci:ior; within the artisan comm@? during the Roman period. J

/ 4"“\\'I’he existende of distinct compos :cion groups of ARS and of lamps is

more difficult to ‘interpret, mTh: groups isolated from the Carthage pottery may

result from inconsistencies in mamifa ing technique, or from the naturally

¢ Ve
, }

N
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high variability in the local clay sources. A broader chronological range of

ARS fram Carthage should be tested to elaborat&the pattern of variability., The

-results must be canpared with quantitative typological information to understand

the significance of differences observed with chemical analyses. The same
observations are relevant when considering the groups of third century lamps.
Relationships between fabrics cannot be elucidated without more data derived
'B'an‘securely dated materirﬁ. What this study has shown is tl"lat there are
significant variations in elemental abundances between the lanr\p fabrics. This
is promising for provenience st‘u.dies of these ceramic objects.

~ The Late Roman Cooking Wares, LRCW I etc., certainly merit more
scrutiny. The fact that one sa:ﬁple of LRCW I had virtually the same composition
as the red-gloss pottery may not be purely coincidental. Because the lccal-
clays certainly needed purification, ‘it is less likely that the identical
co:rpositions result from chance. Since similar firing technicques were also used
to make some ARS and certain types of coarse potter;, it seems I:eascnable to
suspect that table ware manufacturers collaborated with the producers of
utilitarian pottery in North aAfrica. The details of this coo‘@ration, if it

existed, are obscure. It,might have extenied only as far as the preparation of

Because there has been no careful, stratigraphic excavation of known
ARS productign facilitles in Africa Proconsularis, the kind of evidence whi:‘llch
has helped to understand the comples:ities of the European red-gloss industry is
not-—avallable. Maltivariate statistics can be-used in conjunction with chemical
analyses to identify some of the produc' :ion froﬁ\the known marmifactory at ,.
Mahrine Cne ¢roup of the Mahrine ceramics is chemically indistinguishable £rom

other ARS fabrics. Until sufficiently large amounts ofsmaterial from this site
c?

ax.ii from o'tlgers like it are analyzed fj f%cure prcveniem:es studles of North ’ -
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African ceran’i;.cs will be severely hampered.

Matching chemical.characteristics of clay ’beds with pottery
canposition does not appear to offer a solution to. the lack of provenlenced
reference groups in North Africa. Data presented in this report have pinpointed
the location o£ silicious clays, but they have not identified the specific
source of the raw materials used to make the ARS which was analyzed. The
spectro'netric data have identified unsatisfactory clay sources at Carthage and
at otherr sites. The failure to associate a single clay deposit with a specific
pottery fabric may mean that the raw material supply was not located by the
preliminary survey of the Carthage area. The compositions of the clays ix('x this
region do imply that potters would have needed to.refine these soils to obtain a
suitable paste. This, ;vould have produced sufficiently great alterations in most
cases which would mask the original camposition of the clay.

| It has been suggested that provenience studies could utilize the

concept of a "zone d'incertitude" based on geological regions.(210) Within

* this framework pottery could be assigned to a relatively finite area, rather

than a specific site, from determinations of eler;tegtal\ablmdance This approach
may not be applicable to the North African situation consideri the extreme
variability within individual clay beds. In any case, future pr ence
studies should include a repfesentative selection of .clay samples to evaluate

the significance of differences between ceramic groups. Although clays have

. ?._,_q‘

v
! /

210. Picon et al. (1975) 198.
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been tested in conjunction with ceramics in other parts of the Mediterranean,

(211) the nmumber of samples has often been quitegﬁll. 'Ihia analysis of

argillaceous soils from Carthage demonstrates that a large number of samples are
necessary to crﬁracterize the raw materials available in a geographical area of |
relatively restricted size.

Although complete discrimination between ceramic fabrics was not
achieved, the present study has demonstrated that the potential exists for
successful provenience studies of ARS and other North African cer_amics. Mich
more could be learned with a greater expenditure cf time and money cn laboratory
examination of African Red Slip. It might be possible to find separation
parameters for different ARS fabri(l:s using trace element analysis. This
approach should be considered sericusly since the results obtained with the
direct current plasma analy'ses'of major constituents are encouraging. The
archaeological sig:aifiéance of this pottery v;rarrants further investigat-ion.
Hopefully the questions raised bw the results presented here will encourage
others to undertake additional research. A rumber of avenues aref';till

unexplored in the field of North African pottery studies. Much remains to be

accanplished.

211. See above: pp. 6-17.



TABLE 3.1

VISIBLE INCLUSIONS IN CLAY SAMPLES

SHP SMD  MICA  BROWN  CALCIM & ORGANIC  OTHER
: GRIT  CARBONATE

CARTHAGE: HAMILCAR

R
e
)

\‘ .
. . ] C xXE F ¥
—_ ) M+( *xX F * F M *x
¥
3 MiC Xk% F % F % Moxx
4 ¢ *xx F *
5 ¢ *x% Foof
6 M+l ** F *
7 ' H+C *%x F
e+ MG ¥3x F
G4t o=
CARTHAGE: CANADIAN SITE
10 Lon o F ot Moxx
11+ Moox* F Fil **
12++ [ F ¥ FiN *=*
13 F*%% Fo*x Mo
14 C »x Fox
15 M+C ¥¥ Fo** M ¥
16 HiC *% F x
A7 M+l ** Fo*x Foxx
Lk M+C F
19 C *= F Fiif ** SNAIL SHELL **
20 F+M *xx F :
2 . M40 *xx Foxx F o*
22 FtM ** F
23 Fi{ ¥+ F
L FiH =% HiC *x
o
F = FINE TEXTURE * = OCCASSIONAL + = COARSE FRACTION OF
M = MEDIUM ¥ = COMMON PREVIQUS SAMPLE
C = COARSE *xk = ABUNDANT ++ = FINE FRACTION OF

B = AND OR SULPHATE  *** = VERY ABUNDANT PREVIOUS SAMPLE
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TABLE 3.1

VISIBEé INCLUSIONS IN_CLAY SAMPLES {cont)

SAND

CARTHAGE: LAMALGA

25
26
21
28"
29

"0

F ok
Fil 3%
Fa ¥

Eoxx

Eooax

Fooxx

HICA

BROWN

CARTHAGE: COLLINE DE JUNON

32
33
34
35
36
37
38
39
40
41
42+
43++
44

MeC *%
MeC *x
MeC *x
MeC
W *x
M *x
MeC *
MG *x
Bl **

Foxx

CARTHAGE: GAMARY

45
46
A7
48
49+
504+
5

[

MiC *x

F+H *%x
FiM *x
F+M **

Felf 2
F 3 4

F %

F

1

T M T M m

* A M W W

CALCIUM

CARBONATE

F+M
Fed
F+H
FM

x%x
XX
kX
%X
%
X

xx

xx

MiC x5

M *x
F %z
FaM *2
F4H %%
FeM %%
Foxx
¢ A%

QRGANIC  OTHER
F x+* SNAIL SHELL *
F = SNAIL SHELL **
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TABLE 3.1

VISIBLE_INCLUSIONS IN CLAY SAMPLES

SAND

NABEUL: SITE A

52
53
54
55
56
57
58

59,
60
61
62
63
o4 -
85

F *x
FH *x
HaC xx

C ¥xxx

F xx

M

Fooxx

F *x
Fey *=x
F4Mq **
Fal %%

Moo

M o¥x

F *x
MeC *x
MeC 2%

THUBURBO MAIUS

75
6
11
184
T9++

Fox%
Foo*x
Moxx
TR
M

HICA

1 m

xx

——

" BROWN
GRIT

CALCIUM
CARBONATE

M m T M T ™M Th

=

=

M

L1 S ¢ W 4

=

M WM MK M W oM

XX

XX
xx
X%

k2
X%

ORGANIC

OTHER

SNAIL SHELL **

SNAIL SHELL *
SNAIL SHELL =
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SMP

"HAHRINE

80
81
82
33
84
85
86+
BT++
a8

. TABLE 3.1

VISIBLE INCLUSIONS IN CLAY SAMPLES (cont)

SAND

F4M X
MC *
M+C **
MeC
Fay 3%
Fel **
F+H *%
Foxx

Foxxx

SIDI_THABET

89
90

F *xx
F x*%

QUED_MEDJERDA

95
86
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F *xx
F xx

Bil ¥*x
F4d *%

g e

MeC *%
F ¥

FiH *%

el *x

HICA

nm
»* W

F *x

F *x

F xx

F xx

M "M =X TN

CALCIUM
CARBONATE

MOM W OM M O M WM

F *=

Fil **
Fiif **
F+H **
FiM *%
F x

ORGANIC

M M T Tt M M M M T
T TN R N L

F *x
F xx

176

OTHER

SNAIL SHELL **
SHAIL SHELL **
SNAIL SHELL **

SNAIL SHELL *
SNAIL SHELL *
SNAIL SHELL *

SHAIL SHELL *

SNAIL SHELL *
SNAIL SHELL * \
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TABLE 3.2 . ’ 177

PROPERTIES OF RAW_AND FIRED CLAYS

CARTHAGE: HAMILCAR

COLOR_RAH COLOR_NAME COLOR_FIRED COLOR NAME  DURABILITY

5YR 5/6  YELLOWISH RED  2.5YR 5/8 RED N / CRMB

_T.5YR 6/6  REDDISH YELLOW  10YR T7/8 YELLOW - V.STRONG
+1.5YR1/6 REODISH YELLOW 4% '

‘T.5YR 6/6-  REDDISH YELLOW 7.SYR 7/ REDDISH YELLOW  V.STRONG

SYR 6/  REODISH YELLOW 2.5YR 5/8 - RED M.STRONG

10YR 5/6  YELLOWISH RED 10R 31 DARK REDDISH _STRONG
GRAY

10YR 5/8  YELLOWISH BROWN ° 10R 4/6 RED STRONG

10YR 5/8  YELLOWISH BROWN  10R 4/4 WEAK RED P.VITR

10R 4/6 RED 10R 3/2 QUSKY RED P.VITR

5YR 5/6  YELLOWISH RED 10R 3/2 DUSKY RED PVITR

CARTHAGE: CANADIAN SITE

COLOR_RAM COLOR_NAME COLOR_FIRED COLOR_NAME  DURABILITY

TEYR N/T  LIGHT GRAY 7.5YR T/8  REDDISH YELLOW  M.STRONG
TSR N/T  LIGHT GRAY . =eoe- NONPLASTICmnn===
5YR 5/1 GRAY T.5YR 6/6  REODISH YELLOW  V.STRONG
SYR 6/6  REODISH YELLOW  10R 4/3  WEAK RED V.STRONG . —
2.5VR 6/8  LIGHT RED SYR 7/2 . PINKISH GRAY  STRONG
2.5YR 6/8  LIGHT RED 25YR 4/2  WEAK RED  _  STRONG
2.5VR §/6 ) LIGHT RED SYR 6/2  PINKISK GRAY  V.STRONG
1R 7/4” VERY PALE RED  10YR 8/3  VERY PALE BROWN  WEAK
SYR 6/6  REODISH YELLOW  SYR 7/ PINK M.STRONG
2.5Y B/2  WHITE 2.5Y 6/2  LIGNT BROWISH  N.STRONG
GRAY
10R 6/8  LIGHT RED 2.5YR 6/6  LIGHT RED M.STRONG
10R 5/8  LIGHT RED 1.5%R 1/4 PINK HEAK
2.5VR 6/8  LIGHT RED 10R 8/4  VERY PALE BROWN M.STRONG
+5YR 6/8  REDDISH YELLOW
2.5¥R 6/6  LIGHT RED 2.51R 3/4-  DARK REDDISH  M.STRONG
. BROKN .
5YR §/3 PINK SYR8/1 - WHITE HEAK
&

. 4
* COARSE FRACTION OF PREVIOUS SAMPLE
** FINE FRACTION OF PREVIOUS SAMPLE
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28
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30

SMp

3
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3
35
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N
8
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41
42%
433%
44

49%
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51
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BROPERTIES OF RAM_AND FIRED CLAYS (cont)

CARTHAGE: LAMALGA

COLOR_RAW COLOR NAME COLOR FIRED  COLOR_NAME DURABILITY

5YR 6/6  REDDISH YELLOW 7.S5YR 6/8 REDDISH YELLOW  V.STRONG
+1.5YR 1/6 REDDISH YELLOW

1.5YR 6/6  REODISH YELLOW 7.5YR 5/6 STRONG BROWN V.STRONG
5YR 6/6.  REDDISH YELLOW  SYR 3/2 DARK RED SROWN VITR

7.5YR 8/4 PINK 5YR 6/2 PINKISH GRAY M.STRONG ~
10YR 7/4  YERY PALE BROWN  10YR 5/6 YELLOWISH BROWN  P.VITR,
10YR 7/4  VERY PALE BROWN  10YR 5/6 YELLOWISH BROWN  P.VITR

-

CARTHAGE: COLLINE DE JUNON

COLOR_RAM

COLOR_NAME COLOR_FIRED

COLOR NAME ~ DURABILITY

2.5YR 6/6

COLOR_RAW
2.5YR 6/6
10R 6/6

10YR 7/4
§YR 7/3
5YR 8/3
SYR 6/6

2.5YR 5/6
5YR 1/4
10YR 1/6
5YR 6/6
10R 5/8
5YR 5/6

10YR 9/4

LIGHT RED 10R 41

CARTHAGE: BYRSA

COLOR NAME  COLOR FIRED
LIGHT RED 10R 4/2
LIGHT RED - 5YR 6/3
VERY PALE BROWN 2.5YR 4/2

PINK 5YR 1/4
PINK 10R 6/3
REDDISH YELLOW SYR 4/3
- RED 5YR 441
PINK 7.5YR 7/6
YELLOW 10R-3/3
REDDISH YELLOW 10R 4/3
RED 5YR 4/2
YELLOWISH RED 5YR 8/2
SYR 7/4

VERY PALE BROMWN

CARTHAGE: GAMARY

DARK REDDISH P.VITR

COLOR HAME  DURASILITY

WEAK RED P.VITR

LIGHT REDDISH  P.VITR
BROKN

HEAK RED P.VITR
PINK ¥.STRONG
PALE BROMWN M.STRONG
REDDISH BROWN  V.STRCNG
DARK GRAY P.VITR
REDDISH YELLOW  STRONG
DUSKY RED P.VITR
WEAK RED V.STRONG

DARK REDDISH GRAY V.STRONG
DARK REDDISH GRAY V.STRONG

PINK v.STRONG

-

COLOR NAME  QURABILITY

COLORRAH - COLOR NAME  COLOR FIRED
10YR /4 VERY PALE BROWN  10YR_8/3
§YR 7/4 PINK 5YR 8/4
SYR 4/4  REDDISH BROWN  5YR 6/6
10YR 7/4  VERY PALE BROWN  10R.4/3
10YR 5/4  YELLOWISH BROWN 2.5V 8/4
10YR 6/4  LIGHT YELLOWISH 10YR 8/4

BROWN

HHITE T.5YR 6/4

* COARSE FRACTION; ** FINE FRACTION.

VERY PALE BROWN  V.STRONG

PINK ¥.STRONG

REDDISH YELLOW HEAK
BROKN V.5TRONG

PALE YELLOW V.5TRONG

VERY PALE BROWN  V.STRONG

HHITE V.STRONG
)

e
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60
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62
63
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5
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" PROPERTIES OF RAW AND FIRED CLAY

NABEUL: SITE A
COLOR_RAW COLOR NAME COLOR FIRED  COLOR NAME  OURABILITY
10R 6/6 LIGHT RED 5YR 1/3 PINK P.VITR
+ 10R 6/6 L16HT RED
5YR 6/6 REDDISH YELLOW 7.5YR 3/2 DARK BROWN VITR
2.5YR 6/4 LIGHT REDDISH 2.5YR 4/3 DARK REDDISH VITR
. BROWN BROWN
10YR 6/4 LIGHT YELLOWISH 108 3/2 DUSKY RED VITR
. BROWN | ,
10YR 6/5 BROWNISH YELLOW 10R 2.541 REDDISH BLACK VITR
5YR 6/4 LIGHT YELLOWISH 10R 2.5/1 REDDISH BLACK VITR
BROWN
SYR 6/4 LIGHT REDDISH 2.5;R 3/2 DUSKY RED VITR
BROWN
NABEUL: SITE B
COLOR_RAH  COLOR NAME  COLOR FIRED - COLOR NAME  DURABILITY
T.ﬁYR 6/4 LIGHT BROWN SYR 5/2 REDDISH GRAY VITR
5YR 5/6 YELLOWISH RED 7.5YR 4/2 BROWN P.VITR
7.5YR 7/6.  REDDISH YELLOW BYR 3/1 VERY DARK GRAY VITR
T.5YR 1/8 REDDISH YELLOW  7.5YR 7/6  REDDISH YELLOW WEAK
2.5YR 5/6 RED 2.5Y 6/2 - PALE RED VITR
7.5YR 6/6  .REDDISH YELLOW 2.5YR 2.5/2 VERY DUSKY RED 'V.STRONG
_10R 6/8 LIGHT RED 10R 4/2 . HWEAK READ VITR
OUDNA
COLOR RAW  COLOR NAME  COLOR FIRED  COLOR NAME  DURABILITY
2.5YR 5/4 REDDISH BROWN 10YR 4/2 WEAK RED VITR
5YR 5/3 REDDISH BROWN 10R 6/6 LIGHT RED P.VIIR
10R 5/1 REDDISH GRAY 2.5YR G6/4 LIGHT REDDISH  V.STRONG
_ BROWN
5YR 5/3 REODISH BROWN 10R /6 LIGHT RED B.VITR .
2.5YR 5/4 REDBISH BROWN 2.5YR 6/4 LIGHT REDDISH P.VITR
. - BROWN
YR 6/4 LIGHT YELLOHI%p 10YR 1/2 LIGHT GRAY STRONG
BROWN
7.5YR 6/6 REDDISH YELLOW SYR 1/2 PINKISH GREY M.STRONG
7.5YR §/6 REDDISH YELLOW 10YR 17/2 LIGHT GREY STRONG
7.5YR &/6 REDDISH YELLOW 107R 7/4 VERY PALE BROWN  M.STRONG

!

* COARSE FRACTION OF PREVIOUS SAMPLE; **-FINE FRACTION CF PREVIOUS SAMPLE.
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TABLE
3.2

SMP

15
6
T

78%
79%x

SHP

80
8

82

83
B4
85
Bo*¥
grex
88

SHp

89
90

sNp

\ 9N

92

PROPERTIES OF RAW AND FIRED CLAYS

THUBURED WALUS i
COLOR RAM  COLOR NAME  COLOR FIRED  COLOR NAME  DURABILITY
10R 6/5 LIGHT RED 10R 5/8 f//ﬂfat:ﬂ P.YITR
10R 6/6 LIGHT RED 10R 5/8 ¢~ RED . P.VITR
SYR 1/4 REBQ}?H YELLOW  SYR 6/6 f PINK V.STRONG
" +5YR 8/4 PINK .
SYR 7/4  REDDISH YELLOW  17.SYR 6/6 REODISH YELLOW V.STRONG
5YR 7/4 REDDISH YELLOW ~ 5YR 5/6 YELLOWISH RED  V.STRONG
+5YR 8/4 PINK
MAHRINE
COLOR RAW  COLOR NAME  COLORFIRED  COLOR NAME  DURABILITY
10R 6/3 PALE RED 10R 3/2 DUSKY RED . P.VITR
SYR 6/4 LIGHT REDDISH SYR {/8 REDDISH BROWN  M.STRONG
BROWN o o
10YR 6/4 LIGHT YELLOWISH 10R 4/6 RED HEAK
BROWN
10R 5/6 RED 2.5YR 5/8 RED ‘M.STRONG
10R 4/% RED 108 4/8 RED WEAK
10R 4/8 RED 10R 4/8 RED WEAK
10R 4/6 RED - 10R 4/8 RED - . HEAK
10R 3/6 DARKX RED 10R 4/8 RED ’ M.STRONG
10R 4/6 RED 10R 3/2 DUSKY RED P.VITR
S101_THABET
COLOR RAW  COLOR NAME  COLOR FIRED = COLOR NAME  OURABILITY
1.5YR 174 PINK - 2.5Y 6/6 OLIVE YELLOW V.STRONG
T.5YR 1/4 PINK 2.5Y 6/6 OLIVE YELLOW V.STRONG
OUED_MEDJERDA '
COLOR RAW  COLOR WAKE  COLOR FIRED  COLOR NAME  DURABILITY
108 6/4  PALE RED 2.5YR 5/8 RED V.STRONG.
2.5YR 6/4 ° LIGHT REDDISH 5YR 5/6 YELLOWISH RED VITR
‘ BROKN

* COARSE FRACTION OF PREVIOUS SAMPLE; ** FINE FRACTION OF PREVIOUS SAMPLE
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SKp

93
94

e

95
96
87
-98
89

SYR 7/6
T.5YR 1/4

COLOR_RAN
2.5YR 5/6
10R 5/8
10R 5/8
SYR 5/8
10R 5/6

TABLE 3.2

PROPERTIES OF RAW AND FIRED CLAYS (cont)

COLOR_NAME

COLOR_FIRED

REODISH YELLOW
PINK

TIDDIS

RED

RED

RED
YELLOW RED -

RED

5YR 5/6
1.5YR 3/2

5YR 6/8
10R 4/8
10R 5/8
5YR "1/6

10R 5/8

COLOR NAME  DURABILITY

"YELLOWISH RED  WEAK

DARK BROWN V.5TRONG

COLOR NAME  DURABILITY

YELLOWISH RED  M.STRONG

RED V.STRONG

RED STRONG
REDDISH YELLOW M.STRONG

RED P.VITR

gj,
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* WL, % oxide
# ppm oxide o

r

: . ¥
..;': . N . .4‘\
L ' TABLE 3.3 “
- . — v i
GOMPOSITION OF LEVIGATED CLAY SAMPLES
- N > 1 -
. CARTHAGE: HAMILCAR ﬁ
g WL. %
SMP  Si* Al* Ca¥* Fe* Mg"; Na* Ti¥ M+ Cr+ Fraction
. ‘ o
70 66.4 15.5 1.71 | 6.10 1.45 .176  .977 1050 168
8C 71.5 12.1 1.42 14.89 1.24 .144  .B43 1018 149 ©  35.6
9 F '65.3 16.5 1.94 76.40 *1.60 .203 1.012 1210 195 64.4
rC -B. +4.4 ,+0.52 +1.51 +.36 +.059 +.169 4192 + 46
F-0 =171 +1.0 +0.23 +0.30 +.15 +.027 +.03% +160 + 27 -t
zp. .
CARTHAGE: CANADIAN SITE
, . WT. %
SMP _Sit Al* Ca* Fe*  Mg* Na*  Ti% Mn+ Cr+ Fraction
1 - :
100 37.3 6,4 24.7 3.15 1.41 .399  .438 1275 67
11 C 47.6 5.5 21.3 2.51 1.27 288 .356 1126 77  30.0
12 F 37.5 7.0  25.0 3.23 1.56 .423  .443- 1278 75 70.0
F-C -10.1 +1‘A5‘L +3,.7 +0.72 +.29 +.135 +.087 +152 -2
F-0 + 0.2 +0.6 +0.3 +0.08 +.15 +.024 +.005 + 3 + 8 -
> AT
[
CARTHAGE: BYRSA
e ¢ . WT. %
sSMP Si* Al* Ca*. Fe¥* Mg~ Na* Ti* Mo+ Cr+ Fraction
41 0 64,8 14.9 29 6.05 2.55 .260  .890 - 197 197
42 C 65.5, 13.4 26 5.63 2.44, .239 .855 123 216 38.7
43F 64.2) 14.1 30 6.05 -2.52  .280 .912 142 192  65.3
F-C  -1.3] +0.7 +.04 +0.42 +.08 _+.041 +.057 + 19 - 24
F-O =~ .6 -0.8 +.01 0 -.03 +.020 +.,022 -85 - 5
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' ) o TABLE 3.3 (CONT)

COMPOSITION OF LEVIGATED CLAY SAMPLES

>
) ) ~
.CARTHAGE: GAMART . ,
, . \\a .
) - . : ‘ WT. %
@ Si* Al* Ca* Pe*r Mg* _Na*  Ti* Mot _ Cr+  Fraction
< : ‘
] . N L
.48 0 37.0 13.8 24.6 5.53 1.81  .384 .740 558 134
49 C 38.0 13.2 19.9 4.75 1.13 447 L1746 502 107 41.9 N
50 F 36.3 14.2 ,24.4 5.57 2.01  .167. .757 470 147 58.1
F-C -1.7 +1.0 +4.§5  +.82 +.28 -—.280 +.011  -32 + 40

. =0 -0.7 +0.4 +0.4 +.04 +.20 -.217 * +,017 -88 + 13

THUBURBO MATUS

. ‘ " WT. %
SMP  Si* - Al Ca* Fe*  Mg* Na* Ti* Mn+  Cr+  Fraction

770 39.0 13.3 21.07 4.84 1.68 .328 .B07 1200 96

: 78 ¢ 37.0, 13.1 20.85 4.77 1.59 .314 .817 1283 104 45.7

2 79 F 37.6 13.0 21,70 4.76 1.62 400  .770 1094 94 _54.3
F-C . -0.6 -0.1 +0.85 ~-.01 +.03 +.086 -.047 ~-189 -10
F-0 -1.4 -0.3 +0.63 ~-.08 -.06 +.072 ~-.037 -108 -2

MAHRINE id
: WT. %

SMP Si* Al* Ca* Fe* Mer* Na* Ti* >~ Mn+ Cr+ Fraction -

B5 0 B83.4 1.4 2.14 3.43 .68 .112 .548 432 128 .
B6 C 86.3 4.1 .70 2.48 .64 .059 .484 349 102 45.1
87 F 7T72.2 9.3

3.53 3.92 .85 .164 .688 514 174 54.9-

¥-C -14.1 +5.2 +2,83 +1.44 .21 +,105 +.204 +165 + 12
F-0 -~11.2. +1.9 +1.39 +0.49 +.17 +.032 +.140 + 82 + 46

* We. % oxide 0 = Unlevigated sample.
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FIGURE 3.1

MAP OF SAMPLE SITES AT CARTHAGE
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FIGURE 3.2a HAMILCAR SAMPLE SITE -
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HAMILCAR SAMPLE LOCATIONS ‘ . WEST
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CANADA 11

' .
EXCAVATIONS and_ SAMPLE sites/ )
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- \- .
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™~ ‘I €

SAMPLE No.  TRENCH NO. SITE NO.
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FIGURE 3.4. LA MALGA SAMPLE SITES
LA HMALGA ’
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FIGURE 3.5

LOCATION OF BYRSA AND
COLLINE DE JUNON SAMPLE SITES.
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FIGURE 3.6

BYRSA SITE:
LOCATION OF
SAMPLES
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FIGURE 3.7 o
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DIAGRAM OF SIDI THABEY
SAMPLE SITE
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FIGURE 3,16
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FIGURE 3.18

MUNSELL COLORS OF ALL CLAY SAMPLES
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MUNSELL COLORS OP ALL CLAYS FROM CARTHAGE
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APPENDIX 1.

FIRST DISCRINDUANT AVALYSIS: CLASSIFICATION RESIATS /

SNPLES FROM LOCT 1F3g=35

CASE -9 ACTUAL  HIGHEST PROBABILITY  OND HIGHEST . DISCRIMINANT
SENMM NM SEL  GROUP GROUP P(D/S) P(6/D)  GROUP P(G/D)  SOORES...
8 1% YES 4 43 0.9523 0.6245 820,200 -0.179 -2.5764  0.2815
- 01176 -0.48T7  -0.1252
5127 Y 13 = 63 0.9173 0.6151 4901378 0.0831 1,343 -0.0124
_ . -0.2350 -0.6508  0.5279
5 128 YES 43 43 0.9764 0.5199 43 0.2269  0.1200 -1.9295  0.29%
, , 0.0263 -0.4079 -0.6707
5 19 YES 13 43 0.7600 0.4428 530.2070  -1.5300 -0.565%2 1.2793
0.8235  0.6592 -0.4882
58130, YES 43 43 0.9991 0.6504 420.1008  -0.4672 -1.7869  0.8482
0.5341  0.2035  0.0908
59 132 YES 43 43 0.1396 0.7780 20133 00528 -2.1038  2.8655
: 2.0264  0.6068  1.4335
B0 133 YES 43 43 0.9446 0.8131  490.1020  -0.2128 -2.05%  2.1563
-0.4106  0.6626  0.0085
%13 Y 43 43 0.9457 0.9343 49 0.0860  -0.1160 -2,0709° 1.9333
) -0.5441  0.4169 -0.5038
62 135 VS 4 43 0.5623 0.5468 £20.1835  -0.7326 -1.5851  1.1054
-0.1497 -0.259 -1.4598
63 135 Y 4 43 0.5286 0.5280 4902888 0.3814 -2.0868  1.7168
: -0.:35 -0.0479 -1.0610
TRRE R 41 = 43 0.2451 0.4155 42 0,216 -0.6027 -1.0914  0.5295
) -~ -0.5761 -1.0331  0.4283
65 13 YES 42% . 430.9%98 0.7138 4201378 -0.5069 -1.730  0.68%4
. 0.6385  0.3458  0.0097
6 10 YES 43 43 0.7880 0.3524 4202550  -0.3505 -1.3512  0.1243
-0.7815 -1,0253 -0.M84
51 141 Y e 43 0.9863 0.5240 420.2808  -0.5721 -2.2605  0.74%8
_ 0.5009  0.5443  0.3548
8 142 N 43~ 420.1190 0.7678 30,1619 -1.1052 -2.4970  0.1224
' 1.263  0.9098 -0.5839
89 143 YES 42 42 0.8779 0.3850 430.3850  -0.3252 -1.9515  (0.8863
0.0753 -0.7786  0.5287
(R TI (3 42 = 43 05234 0.4910 420283 -0.0531 -2.0841  0.5479
. -0.3084 -1.0598 -0.33%
n W5 Y 4= 43 0.1742 0.3834 4102602 1823 -1.4084  1.1389
: -2.1697 -1.2759 13698
72 U YES 43 43 0.8590 0.8305 420.0955  -0.2665 -2.7515 1.7118
— 0.2877  0.9766  0.2741
U N 43 43 0.1565 0,727 420.2406  -0.7565 -2.8212  2.2001
13286 2.1793  1.0978
X GROUP  FABRIC * GROUP FABRIC * GROUP FABRIC * GROUP FABRIC * GROUP  FABRIC
* OO0E GROUP* CODE GROUP * CODE GROUP* (ODE GROUP * CODE  GROLP
x 0 ML * 4 FII* 53 MII® 6 NII* 70 LI
* 4 FU % 49 FIX* B4 MIV* 84 NIV ¥ o
2  FII * 61 NVII* 99 INASSIGNED

197



APPENDIX 1.

-

FIRST DISCRIMINANT ANALYSIS: CLASSIFICATION RESATS

L

SAMPLES FROX LOCT 1F32 ~ 35

ACTUAL HIGHEST PROBABILITY ~ ND HIGHEST DISCRIMINANT

CAE 9%
SHNM MM SE GP GROUP P(D/G) P(G/D)  GROUP P(G/D)  SOORES...
%8 S 42 = 30 0.7530 0.3499 540.2523  0.2T11  0.0421 -0.433%
o 13416 . .0.2070  -0.0753
.75 150 YES 42 % 43 0.9879 0.5732 4201731 0.320 -1.765%  0.5228
_ N . 07600 0.5483  0.5014
% 151 YES 43 43 0.9863 0.6380 42 0.1907  -0.3430 -2.3614  0.4012
: = 0,209  0.1811 -0.144
152 YES g2 43 0.9735 0.5101 420287 -0.7054 -2.0681  0.B465
: 0.7351 -0.1673 -0.78%8
B 153 YES 43 43 0.5892 0.5409 63 0.1548  -0.425 -1.1714  0.7947
. 0.3720  0.2796  0.492%
8 155 YSS 43 43 0.7520 0.4726 420251  -0.7391 -1.308  1.6783
" -0.0089 -0.4842  1.0931
B0 157 Y& 3 430.9932 0.7841 420.055  -0.5880 -1.2920  1.28%%
| ) -0.3538  0.1202  0.7532
81 158 YES AU 4301854 0.4016 4203986  -0.8617 -0.9548 1.7192
0.9510 1.2044 -1.8076
82 159 YES % 43 0.9305 0.6737 890.17133  -0.0205 -1.93%  0.5075
-0.748 051 01575
g 160 N k| 43 0.3887 0.5000 4204118 -0.7505 -2.2041  0.3030
0.9214  0.8661  0.4311
8- 161 YES 4 43 0.9656 0.6705 ~  490.1010  0.0066 ~-1.6562  0.8257
. -0.053 0,707  0.66%0
85 162 Y5 43 53 0.8971 0.3510 540.3271  -0.8675  0.3509 -0.2478
-0.5492 -0.2651  1.5239
8 163 YES 43 43 0.9339 0.5984 £90.1662  -0.0235 ~-2.0285  0.2969
, 0.0762  0.3116  0.1484
87 164 YES 42 * 64 0.7887 0.3451 530.2600  -0.8441 -0.579% 0,037 —
o ) - 0.0012  0.3653 -0.2455
8 157 Y5 49 * 43 0.5924 0.5034 530.1166  -0.3022 -1.3%47  0.0751
-0.5685  0.3034  0.G071
g8 168 Y5 @ M= 43 0.9718 0.5088 20219 0457 <2316 0.2%3
_ 0.338  0.3153 -0.1930
8 169 YES 49 = 43 0.9683 0.6373 4901581  0.1985 -2.3485  0.6618
: -0.316 -0.3107 -1.015%
9 110 YES a9 = B4 0.0171 0.4379 63 0.2072  0.7706 -2.078§  1.9582
-1.0855 -0.1275 1.5
Q2 1Y 49 49 0.5213 0.6738 §30.145¢  2.8198 -1.1015 -0.3757
g -0.2183  0.3034 -0.4006
B3 112 Y 49 43 0.9326 0.4857 4201365  0.0085 -1.2522  0.0982
' ' 0.672¢ -0.9141 ~0.5466
% iT5 YES 4= 63 0.9201 0.3612 530.2590  -0.1842  0.3107  0.0824
~ ’ 0.5778 -0.1492 -0.1542
%5 176 Y% 3 43 0.5630 0.6174 £20.063  -0.4972 17224 0.0601
—0.4035  -0.4801  -0.746
*  GRIUP FABRIC * GRIUP FABRIC * GROUP FABRIOO® GROUP FABRIC * GROUP  FABRIC
x OE GROUP* COOE GROUP* CODE GROUP % COOE GROUP * CODE  GROUP
* 30 ML * 43 FIII* 53 MII* 63 NIII®* W LI
* & F1 * 49 FIX* 54 MIV*® 64 NIV* B
2 FIl* * 67 NVIL*® 983  UNASSIGNED

- &
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APPEDIX 1.

FIRST DISCRIMINANT ANALYSIS: CLASSIFICATION RESULTS

SNPLES FROM LOCLS 17

2D }iIG{EST

0.8460 ... .~

-CAE 9P ACTUAL  HIGHEST PROBABILITY " DISCRIMINANT
SENM  NM SE GRUP GROUP P(D/G) P(G/D)  GROUP P(G/D)  SOORES...
) '
% 179 YES 53 * 30 0.3297 0.5569 54.0.1464  -0.6220 0.1065 -2.0332
: 0.5635 -1.7629  1.0275
97 181 YBS §3 ¥ 30 0.9261 0.5004 §30.2216  -1.2210  0.5014 -0.8344
, 0.9167 -0.3137 -0.6200
% 182 YES 54 %+ 53 0.9822 0.4475 540.2363  -1.2220  0.4781. 0.3343
0.6247 -0.5008 -0.4432
99 183 YES 54 54 0.9352 0.4429 30 0.2351 0.1763  1.4556 -1.2083
0.1755 -0.420 -0.7703
100 184 N0 54 ** 30 0.8471 0.5126 54 0.2677  5.1304  -0.0418 -1.4227
. 0.2512 0.4851 ~0.5968
101 185 YIS 53.. 53 0.0622 0.7440 4 0.1542  0.2756  0.1264 -0.6097
' -0.1068  -2.7881  0.4190
102 186 NO 5= 30 0.0042 0.8814 540008 01711 1.8448  -1.4847
' 20712 -1.8160  -1.2127
103 187 YE&S 54 *x 53 0.9935 0.3427 63 0.2147  -1.1999  0.4618 -0.1035
0.8354 -0.2058 -0.4362
104 188 YES 54w 64 0.8334 0.5000 540.1112  -0.7165  0.7439 -0.4495
' 1.1679  0.6055  0.8017
105 189 YES 54 ** 43 0.2682 0.3046 54 0.1738  0.4335 -0.0788  0.3552
<1.5155 -0.4786 -0.3M3
06 191 YES 53 = 63 0.9211 0.6240 43 0.1075  0.0932 0.0954  1.6819
. ‘ -0.7405 -0.1607 -0.0578
107 193 Y85 §3 % §30.9758 0,6031 530.1746  -0.6162  0.2669
: 0.4224 -0.8899 -0.5533
08 194 YES 54 * 54 0.4623 0.4544 630.1409  1.0193  0.3448 -0.2436
o -2.4904 0.377  0.97N
109 195 WO 5 54 0.1106 0.5807 30 0.1420 02642 1.2721 -0.4248
-2.6919  0.8714  2.3876
¥  GROIP FABRIC * GROUP FASRIC * GROUP FABRIC * GROUP FABRIC * GROUP  FASRIC
* CODE GROUP* OODE GROUP* CODE GROUP * CODE GROUP* CODE  GROUP
* M MIT* 4 FIN* 53 MII* 63 NIN* 70 LI
% - 41 FI * 43 FIX * 54 MIV* 6 NIV *
2  FII * 67 NVII* 99  (NASSIGNED
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APPNDIX 1. | |
FIRST DISCRININANT ANALYSIS: CLASSIFICATION RESULTS.
SANPLES FROM LOOUS 17 .
CASE 9P ATUAL  HIGHEST PROBABILITY  ND HIGHEST  DISCRIMINANT
SENM MM ‘SHL GRUP  GUUP P(D/S) P(6D) GROUP P(G/D)  SOORES...
M 1% YS 53 630.9026 0.5652  540.2072- . -0.662 0.4%3 -0.7128
. : ' 0.309  0.095 -1.1000
M9 YES S4E 530765005883 430.1960  -0.259 -0.0701  1.0M
10531 0.3918 -D.372
M2 199 YES 53T 540413704926 300516 -1.2095  0.1018 -0.6468
LM LB 02104
13199 Y S3X 430499106332 5301568  -1.0435 -0.4382  1.9115
16887 1.3658 —0.7097
W0 Y 3T G30.0463 04655 530.2026 -+ 03133 -0.1768  0.5534
: _ 0.0310 -0.05%4 -0.159
5 01 YES B4 G30.44650.7012 5401213 039 0.43%6 -0.5039
_ ' 12867 1.5016  1.2546
16 02 Y K 54 0.7584 0.4318  300.1933 0670 15673 -0.7076
: 14815 0.975 -1.0825
M M YEs 50.6101 0539 3002017 14561 0.2471 -1.0011
08210 0635 0.3
1 M YES 5 53 0.747 0.5284  630.2483  -1.3638 1.4305  0.8255
0.8851  0.4551  0.9562
e 0T YES  S3E 63083 0.5%2  S60.1007  -0.4%2 0.7862  0.522
s -0.4810 -0.4488  0.4027
120 210 YES S G4 00720602 540132 0.283  0.3528 -0.53M1
‘ 823 0.5 -0.0611
21 21 YES B3R 430.73840.3303 630784 0.8 -0.6283  1.0713
14199 10616 -0.2132
2 2N 53%.  430.39011 0.5 420.1840  -0.1990 -0.579  1.6579
04315 16765 0.0389
23 Y SR 530001103185 S40.472 100 01627 0.2
- ‘ 0.461 -0.3161 -0.6185
o 25 R 530.7697 0.6000 54 0.1524  0.0341 -0.1185 -0.671
0.8150 -0.7262  0.9562
125 216 YES 4% 6407628 0.4920 . 300.2384  -0.633  0.8401 -1.525%
0.183  0.5924  —0.0611

M oM M

GRIUP  FABRIC * GROUP FABRIC * GROUP FABRIC * GROUP  FABRIC * GROUP
CO0E  GRUP* CODE GROUP* CODE GROUP*® CODE GROUP* CODE  GROUP

30 MAT * 43 FIII* 53 MIII* 63 NIill*
4 FI * 4 FIX* S MIV* B4 NIV*
82 FII * * 67 NVII*

10

FABRIC

LI

89 UNASSIGNED

. 200
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APPENDIX 1.
SNPLES FROM MAHRINE FIRST DISCRIMINANT ANALYSIS: CLASSIFICAYION RESULTS
CAE P ACTUAL  HIGHEST PROBABILITY  AND HIGHEST  DISCRIMINANT
SENM NM SE GROUP  GROUP P(D/S) P(G/D) GRWP P(§D)  SOORES...
125 26 YES 30 = 63 0.9323 0.6032 64 0.1722  -1.0655  0.1008 _-0.2142
- DATIL. 0.3%80 0B
121 21 Y 30 #* 43 0.9882 0.4889 8201162 0.2140 -1.185  0.1845
C0.6315 -0.2886 0,139
128 28 YES 0 —._30 0.9481 0.5153 502131 -0.85%6  0.M474 -0.919
-0.4035 -0.4363 14122
129 29 N 30 = 63 0.9892 0.4811 64 0.1565  -0.7318  0.4360 -0.4127
_ 05T 04821 0.M138
130 230 Y& 30 30 0.0000 0.5040 54 0.3207 1.1531  0.307 -3.5166
. -2.0185  4.958)  0.6078
131 231 YES 0 30 0,9289 0.8766 54 0.0855  -0.9849 -0.3883 -2.0063
0.9 -0.035  1.3285
1m M Y 30 30 0.9999 0.6929 540.1276 -0.49%8 -0.2303 -1.5067
0.0570 -0.1%49  0.503
R << I (=) 30 30 0.5995 0.4572 54 0.1705  -0.8031 -0.2759 170547
-0.0019  0.1557 -0.0168
134 2% YES 30 30 0.9785 0.8144 54 0.0789  -1.0786 -0.0835 -1.5445
r 1.0040 -0.6842  0.1653
15 235 Y 30 = 63 0.8259 0.4202 002250  -0.5595  0.0742 -0.9768
' 0.4483 -0.4589  1.850
1% 236 YES K| 30 0.0155 0.7115 53 0.1138  -0.5682  1.3553 -0.2584
0.0051 -2.4824  1.9664
1 B OYS 30 30 0.9953 0.6130 54 0.1685  -0.6520 -0.4451 -1.1333
__— 0.23718 -0.1355 -0.3114
138 238 YES 30 30 0.9001 0.5906 540.1292  -0.M458  0.3020 -0.8296
0.9730 -0.0198 1.2815
129 239 Y 30 = 53 0,6658 0.2900 30 02703 -0.7990 -0.67%5 -0.4241
: 0.8361 0.6814 -0.1710°
" A0 VB 30 30 0.7278 0.8407 54 0.0562  -0.6875. -0.9383 -1.488
0.1669 -0.0485 -0.5%50
11 A1 YES 30 30 0.9479 0.9673 540.020  -0.6800 0.5427 -3.115%
-0.5109 -5.1597 -1.0083
" M YES 3 30 0.9822 0.7685 54 0.0057  -0.7500 -0.4101 -1.7706
-0.6270 -0.452 -1.0845
13 A3 Y5 30 30 0.8808 0.9816 5400136 -1.3768  0.6911 -3.1436
0,125 0.2085  -0.6071
"M Y 30 30 0.8305 0.9879 540.0080  -1.1090 0.7635 -3.5454
-0.4002 -0.9134 -0.4846
U5 U5 YES 30 30 0.3991 0.9913 54 0.0067 - -0.9835  1.5558 -3.8982
. -0.6349  -0.3257 -1.0048
146 A6 YES 30 30 0.2339 0.5376 64 0.1937  -0.8319  2.3086 -1.9107
) 0.74¢5 -0.355 -2.1012
u U YS 30 30 0.1539 0.9803 63 0.0101  -1.4375  1.8354 -3.5405
-0.1262  -0.6014 -1.3380
M8 M8 B 0 30 0.9754 0.9532 5400303 -1.0002 -0.2473 -2.5046
' 0.6262  0.5124 -0.3982
9 U9 YES UNGRPD 30 0.9108 0.7533 5401280 -1.0081  0.0239 -1.84T3
0.0555  0.0463 -0.7252
*  GRUP FAGRIC X GROUP FABRIC * GROUP FABRIC * GROUP FABRIC *® GROUP  FABRIC
* COOE GRUP* OODE GROUP* CODE GROUP® COOE GROUP* CODE  GROLP
* 30 MMl * 43 FII* 53 MII* 63 NIII* T0 LI
* 41 F1 * 4 FIX * 54 MIV* 64_ NIV *
42 * 67 MNVII* 93 UNASSIGNED

FII *
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. APEDIX 1.
SAWPLES FROM LOQUS K17 FIRST DISCRIMINANT ANALYSIS: CLASSIFICATION RESULTS.
OE ACTUAL  HIGHEST PROBABILITY 2D HIGHEST  DISCRIMINANT
SEMM MM SEL GO GRWPP(D/S) P(GD) GRUPP(D)  SCORES...
150 250 Y& 84 84 0.9672 0.7685 §30.139%  0.0311  0.6744 -0.6549
' 1.3 0.38%2  0.1731
151 % Y& 63 63 0.8678 0.4872 5§30.324  -1.1433  1.1435  0.1685
N . 10083 (0.05T1 0.9604
152 252 YES B o= 63 0.9838 0.7991 66 0.0030  0.3597 0.6840 -0.3115
: 0.0883  0.0506 0.533%8
153 253 Y& 63 63 0.9598 0.5666 530.2225  -0.2436 -0.2121  0.5600
0.5620 -0.5788 0.1488
5 %5 Y 63 "§3 0.9953 0.6551 530.1322  -0.5065 -0.2149  0.6105
o 0.9265 -0.026¢4  -0.2663
155 35 Mo B4 = 63 0.9482 0.6379 B4 0.2871 0.1622 -D.4533 0.2130
_ : 0.71455  0.1195 -0.0024
156 357 YES B4 ¥ 5310.9101 0.6197 64 0.3380  -0.3405  1.0169 -0.06%
, 0.0719  0.4015 -0.5769
157 3 Y B4 64 0.4189 0.6626 - 63.0.2898  0.258  0.0319 -0.4117
-0.3429 -0.81%2 -0.13%8
158 350 YES 53 63 0.075 0.7571 30 0.09588  -0.7156  0.6995 -1.2318
: » 0537 -0.2420 08937
159 362 YES 83 63 0.7871 0.863¢ 30 0.0346  -0.8081  1.32001 -0.6503
0.8312 -0.1739  0.10%5
B 3B Y 63 % 43 0.0000 0.6717 82 0.1317  -1.0888 -0.7568  1.T178
' 0348 - 4,784 -3.2382
1 34 YES 63 63 0.9485 0.8340 5300526  -1.1178  0.4584 -0.4583
0.2557  0.6%40 0.9762
162 35 S 54 64 0.5748 0.%059 §30.1651  -0.5843 -0.4012 -0.3118
© 05650  1.5901 -0.5564
163 36 YES 63 63 0.8411 0.6307 30,1453  0.0771 -0.4193  0.5402
' -0.2638 -0.9M13 -1.0511
184 367 YES 64 64 0.9534 0.8667 63 0.0591 0.5020 -0.5913 -0.5621
-0.4582 -0.7184  0.1194
165 368 YES 63 63 0.9059 0.8020 64 0.1435  -0.5094 -0.1495  0.8624
-0.7707 -0.550 -0.0309
166 30 Y5 64 B4 0.5963 0.8258 63 0.1343 13503 -0.468¢ -0.:62°
-1.5960 -0.1152 -1.0880
167 M ¥S 83 £3 0.7450 06527 530.18 0.411% -0.2316 -0.5310
. o -0.3034 -0.5083 -0.1315
18 M VB 63 63 0.5105 0.5610 430.243  -0.0156 -0.5332 1.6773
0.7013 -1.0665 -0.3802
169 313 YES 63 63 0.6435 0.3483 49 0.3369 1.6679 -0.5015.  0.7647
N : 0.6655 -0.3012 0.0023
L1 63 | 630.9332 0.3820 430,389 -0.3902 -0.8109 '1.03%2
) _ L8R .39 0.8
MO VS §3 = 64 0.4569 0.7143 630.1141  -0.2814 -1.1360 -0.7626
‘ 0.7013 -1.0665 ~0.3802
¥ GROUP  FABRIC * GROUP FABRIC * GROUP FABRIC * GROUP FABRIC * GROUP  FABRIC
* (DD GROUP* CODE GROUP* CODE GROUP® CODE OGROUP® CDDE  GROLP
* 30 MAI * 43 FIII* 53 MINI*® 63 NIII® 70 LI
* 4 F1 * 43 FIX * 54 MIV* & NIV %
2 FII * 67 NVII* 99

UNASSTENED
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SAPLES FROM LOCS TNIT

A

APPENDIX I.

FIRST_DISCRIMINANT ANALYSIS: CLASSIFICATION RESLTS.

CASE 9P NM ACTUAL HIGHEST MLITY 20 H-IGIE‘ST DISCRININANT

42

FIl * * 6T NVII* 93  UNASSIGNED

SENM VAL S GRWP  GRUP P(D/G) P(GD) GNP P(GM)  Sooks... W
m W S 53 63 0.8480 0.5684 B4 0.2790 0.7184 02112 0.9
' , -1.4330 -0.2472 -0.0403
m M Ys ] 64 0.9289 0.8776 630.0112  -0.%575 -0.234  0.6530
) ; , -0.1609 -0.9119  0.0535
174 3B Y §1 67 0.3312 1.0000 49 0.0000  21.9685 -1.1544 -0.3001
-1.0905 -0.7450 -0.7361
115 318 YES §7 67 0.3312 1.0000.  49°0.0000  22.9515 1.3452 -0.52%9
N 11950  0.743%  0.7448
176 380 Y 64 64 0.8504 0.8207 63 0.1010  -0.1831 -0.1127 -0.4803
0.2385  0.3731 1148
moB W £4 64 0.9905 0.B475 - 63 0.0917  -0.21% -0.2316 -0.7635
. =021 01877 0.1789
178 382 YES 63 £3 0.8027 9.3254 30 0.2010  -0.9978  0.1818 -0.7558
0.4640 -0.1307 -D.0583
179 38 Y 63 63 0.9575 0.4119 530.2303  -0.5550 -0.5701  0.2595
04734 04841 1.0
T 385 N 63 63 0.1525 0.7453 B4 0.1966  -1.5432  0.6477  1.1041
16010 1.7431  1.5675
181 36 YES 8 . 63 0.8216 0.7635 53 0.1142  -1.4013 1,224 0.043%
0.9833 0.6922 0.9148
12 %7 VS ] 64 0.9945 0.555¢ §30.2176  -0.3932  0.0242 -D.1565
0.0085 0.3897  0.8561
183 388 YES 63 ** 64 0.7963 0.7591 63 0.0689  0.7532 -1.1557  0.4218
-0.2655 -1.1888  -0.0206
1M 38 N 63 ** 30 0.0339 0.8897 500714 -1.2440  -0.4973  -2.0679
» 0.6079  0.6618 -1.2490
185 390 YES §3 = 30 0.8985 0.3822 54 0.3714  -0.4154  0.7768  -0.9791
_ oMot 07212 0522
185 391 YES 63 63 0.5063 0.5522 302282 -1.8770  0.7788  -D.4914
11015 0.5444  1.3074
197 392 Y5 63 = 30 0.3030 0.4518 63 0.3850  -1.8435  0.9761 -1.8478
06872  0.31277  0.0076
% 393 YS 64 64 0.9621 0.7317 63 0.1520  -0.9131 -0.4822 -0.4990
| -0.4911 -0.7679 -0.7712
183 3% YS 84 64 0.9421 0.9171 63 0.0764  -0.8019  0.7083 -0.1769
9.7521  0.4658  0.0165
190 3% Y 64 £ 0.9763 0.6935 630.1254  -0.7870 --0.2623 -0.1903
0.6915 0.5652 0.3159
™ M Y 83 63 0.9742 0.59%4 53 0.1675  -0.4200  1.0034 -0.5631
0.221  0.5462 -0.1870
192 3% Y& 63 63 0.4651 0.7974 4300733  0.1099 0.1816  0.6000
-0.555 -1.1213  -0.8063
193 399 YRS 64 B4 0.8246 0.4979 630.3089  0.4217  0.2381 -1.3050
. 07124 06061 -0.3210
X GROUP  FABAIC * GROUP FABRIC * GROUP FABRIC * GROUP FABRIC * GROUP  FABRIC
* COOE  7RUP* CODE GROUP*® CODE GROUP ¥ COOE GROUP* COOE  GROUP
* N MAIF & FII* 53 MII* 6 NII* 7 LI
* $l F1 F 4 FIX* 54 MIV* B4 NIV E
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APPBDIX 1.
FIRST DISCRIMINANT ANALYSIS: CLASSIFICATION RESULTS.
SNPLES OF ARS LAWS
CASE 5% ACTUAL  HIGHEST PROBMBILITY  ANDHIGHEST  DISCRIMINANT
SENM NM SEL GROUP . GRIUP P(D/S) P(6/D)  GROUP P(G/D) -~  SOORSS... .
9% 4 YES .M © 10 0.0000 1.0000 54.0.0000 43834 6.7886  1.8141
. 11205  0.0530 -0.176
19 N Y 0 ** 63 0.0062 0.8180 00,0642  -0.2694  1.9749 -0.148!
) -0.1580 -0.3453 -4.7665
9 415 VS 10 70 0.0003 1.0000 53 0.0000  -1.6468 6.7624  4.3279
0.7741  0.3082 -0.9082
198 476 YES 10 76 0.0000 1.0000 540.0000  -1.8517  6.5645  4.4051
. -5.805  0.3650  1.1106
3! 0 4TSS 10 70 0.5011 0.3212 §30.2625  -1.5407  1.952  0.5025
0.8727 0.3541  1.6576
W1 418 VS 70 ** 63 0,7308 0.6005 B 0.2037 14045  1.6128 -0.6155
00737 0.1090  1.1548
02 &9 YES 0 * 30 0.0703 0.4107 53 0.2167  -1.9660  2.7053 -1.0009
0.5783  1.0004  1.3508
.M e YS 0 70 0.0000 0.5581 540518 5337 1.60%  0.3708/
15682 2.1426  1.3386
04 485 YES 10 10 0.0045 0.9341 53 0.8037  0.4133  3.2052  2.4954
0.377 -2.8262 -2.3819
05 487 YES 70 ** 53 0.5180 0.4500 540.251 -1.959 1.3m¢ 0623 0 ™
0.5985 -0.8257 0.03%5
206 483 YES 10 70 00275 0.5068 54 0.2091  -1.2848  2.0207  0.9650
-2.4236  0.7680  1.0678
0T 489 YES 10 70 0.0133 1.0009 54 0.0000  1.6105  6.5858  1.8214
’ 1.663  -0.7542 -0.6310

08 452 YIS 10 ** 63 0.3112 0.8429 53 0.5t  -1.420 11228 1.6014
1Y 1.1967 -0.4506 1.3129

x GROUP  FABRIC * GROUP FABRIC * GROUP FABRIC * GROUP FABRIC * GROUP  FABRIC '
* COE  GROUP* CODE GROUP* CODE: GROUP * CODE GROUP* CODE  GROUP
¥ 20 M1 * 43 FIN* 53T MIII* 63 NII* 70 L1l
* 41 FI * 43 FIX* 58 MIV* o4 NIV ¥
42 FII * * 87 NVIE* 93 UNASSIGNED
TRLE 2.
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APPENDIX II. .
SECOND DISCRIMINANT ANALYSIS

CLASSIFICATION RESULTS

SAMPLES FROM LOCI 1F 32-36 4
— CASE SAMPLE ACTUAL HIGHEST PROBABILITY GROUP 2ND HIGHEST
SEQNUM NUMBER  SEL GROUP P(D/G) P(G/D) GRCUP P(3/D)
54 126 YES 43 43 0.9581 0.9993 53 0.0002
55 127 YES  UNGRFD 63 0.8904 0.9780 43 0.0171
56 128 YES 43 43 0.9240 0.9180 63.0.0815
57 129 YES 43 43 0.5201 0.8794 63 0.0713
58 130 - _YES 43 T 43 0.9894 0.9541 63 0.0452
59 132 YES A3 43 0.0823 0.8937 42 0.0062
60 133 YES 43 43 0.7928 0.9924 63 0.0015
61 134 YES 43 43 00,7225 0.9979 63 0.0020
62 135 ~  Y¥YES 43 43 0.9509 0.9987 63 0.0009
63 136 YES 43 43 0.2833 o.9247 63 0.0750
64 138 YES 43 43 0.1488 0.5379 42 0.4082
65 - 139 . YES 43 43 0.99390 0.9945 , 63 0.0048
66 140 ¢ YES 43 43 0.7096 0.9237 42 0.0470
67 141 YES 43 43 0.9753 0.9822 - 42 0.0069
68 142 NO UNGRPD 42 0.0933 0.9504 43 0.0486
69 143 YES 42 42 1.0000 0.7925 43 0.1805
70 144 YES 43 43 0.8812 0.9294 42 0.0593
71 145 YES 49 49 0.8015 0.9992 54 0.0004
12 146 YES 43 43 0.7367 0.9999 53 0.0001
73’ 147 NO UNGRFD 43 0.0817 0.9955 - 42 0.0045
4 148 YES  UNGRFD 53 0.5267 0.3814 30 0,2868
75 150, YES 43 43 0.9858 0.9157 63 0.0226
76 151 YES 43 43 0.9885 0.9991 - 42 0.0003‘
F¥ 152 ~ YES 43 43 0.9786 0.9994 53 0.0002
18 153 YES 43 43 0.9907 0.8744 : 63 0.1216
79 155 YES 43 43 0.4124 0.6327 42 0.2518
80 157 YES 43 43 0.9447 0.9713 63 0.0264
81 158 YES . 43 43, 0.0666 0.9995 54 0.0001
82 159 YES 43 43 0.9715 0.9883 63 0.0098
83 160 NO UNGRED 43 0.1583 0.9926 53 0.0062
B4 161 YES 43 43 0,7893 0.9420 « 53 0.0492
85 i62 - YES  UNGRFD 53 0.6520 0.5819 54 0.2016°
86 163 YES 43 43 0.7980 0.9363 53 0.0560
87 164 YES  UNGRPD 64 0.5501 0.8693 43 0.0547
a8 167 YES 43 43 0.9177 | 0.8302 63 0.1319
89 168 YES 43 43 0.9783 0.9861 . 63 0.0013
90 169 YES 43 43 0.9721 0.9993 63 0.0003
- 91 170 YES UNGRPD 64 0.0019 0.9080 63 0.083%4
92 171 YES 49 49 0.8015 0.9753 43 0.0181
93 172 YES 43 43 0.8121 0.9054 63 0.0755
94 175 YES  UNGRFD 63 - - 0.7650 0.7633 43 0.1008
95 176 YES 43 43 0.3407 0.9901 30 0.0059
GROUP 30 41 42 43 49 53 . -54 63 64 67 70 99
CODE

FARRICMA T FI FII FIII FIX MIIT MIV NIII NIV NVII LI UNASSIGNED
. .
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; SECOND DISCRIMINANT ANALYSIS
. CLASSIFICATION RESULTS
SAMPLES FROM LOCUS 1M 7
j -~
CASE SAMPLE. ACTUAL HIGHEST PROBABILITY GROUP 2ND HIGHEST
SEQNUM  NUMBER SEL GROUP P(D/G) P(G/D) GROUP P(G/D)
196 ~ 179 YES UNGRPD 30  0.0224 0.7917 64 0.1145
197 181 YES  UNGRPD 30 0.6369  0.5123 53 0.3927
198 182 YES 53 53 0.9983  0.8983 30 0.0821
199 183 YES * 54 54  0,9109 0.6171 30 0.2417
100 184 NO  UNGRFD 30  0.5499 0.6671 54 0.1939
101 185 YES 53 53  0.0375 0.9982 49 0.0009
102 186 NO  UNGRFD 30 0.0041 0.9888 53 0.0056
103 187 YES 53 ** 63 0.6400 0.3414 53 0.3025
104 188 YES . 64 64 0.6905 . 0.9788 54 0.0070
105 189 YES UNGRFD 63  0.0475 0.4021 43 0.3606
. 106 191 YES 63 63  0.8254 0.9375 43 0.0481
107 193 YES 63 63  0.9690 0.9358 43 0.0608
108 194 YES . B4 54 0.5086  0.9046 64 0.0746
109 Y195 NO  UNGRPD 54 0.0748 0.9249 64 0.0554
110 196 YES 53 53 , 0.9510  0.9675 63 0.0112
111 197 YES 53 53  0.6312 0.9598 43 0.0254
112 198 YES 54 54  0.5656 0.9409 30 0.0295
113 199 YES UNGRPD ‘43 0.2015 0.9935 53 0.0037
114 200 YES 63 63  0.8633 - 0.8990 43 0.0891
115 201 YES 63 63 0.4586  0.9917 54 0.0036
116 202 YES 54 54 0.6535 0.7122 30 0.1697
117 203 YES 54 54 . 0.6542 0.9376 30 0.0344
118 204 YES 53 ~53-~ 0.6145 0.7213 63 0.2648
119 207 YES 6% 63 0.8120 0.9853 43 0.0128
120 210 YES 64 64  0.9130 0.9756 54 0,0211
121 211 YES  UNGRFD 43 0.4532 0.8334 63 0.0750
122 212 NO UNGRPD 43 0.1323 0.8211 64 0.1481
"123 213 YES 53 53 0.7400 0.4726 43 0.3466
124 215 YES 53 53  0.7507 0.9823 63 0.0078
125 216 YES 64 64 0.7765 0.9739 30 0.0164
GROUP 30 41 42 43 49 53 54 63 64 67 70 Qg
CCDE

FABRICMA I FI F II.

FIIT FIX MIII M IV NIII NIV NVII L I UNASSIGNED



207

SECOND DISCRIMINANT AMALYSIS

CLASSTIFICATION RESULTS

SAMPLES FROM MAHRINE

, CASE SAMPLE. ACTUAL HIGHEST PROBABILITY 2ND HIGHEST

SEQNUM NUMBER SEL GROUP GROUP P(D/G) P{G/D) GROUP P(G/D)
126 226 YES  UNGRED 63 0.8545 0.68860 64 0.2954
127 227 YES  UNGRPFD 43 0.9096 0.8677 63 0.0834
128 228 YES 30 30 0.7469 0.8572 53 0.0575
129 - 229 YES 30 ** 64 0.8526 0.4995 63 0.4780
130 230 YES 30 == 54 0.0001 0.9926 30 0.0066
131 231 YES 30 30 0.7041 0.9881 64 0.0062
132 232 YES 30 30 0.9961 0.9494 63 0.0223
133 233 YES 30 30 0.9822 0.7800 63 0.1124
134 234 YES 30 30 0.9036 0.8991 53 0.0973
135 . 235 YES UNGRFD 63 0.3607 0.6857 64 0.1595
\ 136 236 YES 30_** 53 0.0015 0.5648 30 0.4230
T 137 237 YES 30 : 30 0.9689 0.8860 53 0.0397
138 238 YES 30 Y30 0.6817 0.729 63 0.2250
139 239 YES UNGRPD 53 0.5674 0.852 43 0.0889
140 240 " YES 30 30 0.3566 0.9302 43 0.0488
141 241 YES 30 - 30 0.9706 0.9991 54 0.0006
142 242 YES 30 30 0.9636 0.9770 63 0.0083
143 243 - YES 30 . 30 0.8762 0.9997 54 0.0003
o144 244 YES - 30 30 0.8051 0.9999 54 0.0001
145 245 " YES 30 30 0.3589 0.9999 54 0.0001
146 246 YES 30 30 0.2666 0.9337 63 0.0377
147 247 > YES 30 30 0.1340 0.9994 63 0.0006
148 248 YES 30 30 0.9261 0.9954 53 0.0033
149 249 NO UNGRFD 30 0.7432 0.7624 53 0.2159

GROUP 30 41 42 43 49 53 54 63 64 67 70 99
CODE

FAERTCMA I FI F II FIII FIX MIII MIV NIII NIV NVII LI UNASSIGNED

—



=

SAMPLES FROM LOCUS 1N 17

ey

2ND HIGHEST

208

MAI FI FITI FIII FIX MIII MIV NIII NIV NVII L I UNASSIGNED

CASE SAMPLE ACTUAL HIGHEST PROBABILITY

SEQNUM - NUMBER SEL GROUP GROUP P(D/G) P(G/D) GROUP P(G/D)
150 250 YES 64 64 0.8650 0.9701 63 0.0274

1151 . 281 YES 63 63 0.6947 0.8760 63 ©.1081
152 252 YES 63 63 0.9853 0.9934 64 0.0060
153 . 253 YES 63 63 0.9514 0.95456 64 0.0167

. 154 -26b YES 63 63 0.9825 0.9150 43 0.0831
165 366 NO 63 63 0.8563 0.8381 64 0.1592
156 a57 YES 63 63 0.8319 0.9291 64 0.0706
1567 358 YES 64 64 0.1695 0.5841 63 - 0.4149
158 359 YES 63 63 0.7443 0.9780 30 0.0153 °
159 362 YES 63 63 0.7501 0.9979 30 0.0019
160 363 YES  UNGRFD 43 0.0000 1.0000 54 0.0000
161 364 YES . 63 63 0.9278 0.9963 30 0.0018
162 365 YES 64 y 64 0.2387 0.7936 43 0.1770
163 366 YES 63 63 0.9435 0.9569 43 0.03%4
164 367 YES 64 64 0.9816 0.9994 42 0.0003
165 368 YES 63 . 63 0.8267 0.9728 64 0.0263
166 370 YES 64 64 0.3980 0.9636 63 0.0353
167 37l YES 63 63 0.7850 0.8888 53 0.0081
168 372 YES 63 63 0.5414 0.9548 43 0.0444¢
169 313 YES 63 ~ 63 0.6661 0.8075 43 0.0870
170 374 YES 63 63 0.8538 0.6541 ‘43 0.3016

, :
63 = N III, 64 = NIV
" GROUP 30 41' 42 43 49 53 54 63 64 67 70 99
CCDE
FABRTC



T e e amaenam e

SAMPLES FROM LOCUS )N 17

CASE SMP ACTUAL  HIGHEST PROBABILITY 2ND HIGHEST
SEQNUM NUM SEL GROUP  GROUP RRJG)  P(G/D) GROUP P(G/D}. -
171 375 YES 64 64 0.5411  0.9951 42  0,0047
172 . 376 YES 63 - 63 0.6392 0.7064 64 0.2861
173 377 YES 64 64  0.9618  0.9984 42 0.0012
174 378 YES 67 67  0.3214  1.0000 49  0.0000--.
175 379 YES 67 67  0.3214  1.0000 49 0.0000
. 176 380 YES 64 64  0.9809  0.9987 63  0.0011
177 381 NO  UNGRPD 64  0.9994  0.9983 63  0.0014
178 382 YES 63 ** 64  0.8249  0.7201 63  0.1694
179 383 VES 63 63  0.8261  0.5657 43  0.4103
180 385 NO  UNGRPD 63  0.0450  0.8191 64  0.1776
181 386 YES 63 63  0.8316  0.9965 - 30  0.0016
182 387 YES 64 64  0.9764  0.9743 63  0.0219
183 388 VYES ™ 64 64  0.8849  0.9941 42 0.0051
18 389" NO  UNGRPD 55  0.0008  0.5174 30  0.4317
18 390 YES UNGRFD 53  0.8305  0.4681 54  0.2700
186 391 YES 63 63  0.4501  0.9365 30  0.0526
187 392 YES UNGRFD 63  0.0356  0.3909 30  0.3147
188 393 YES 64 64  0.9764  0.9970 63  0.0014
189 394 VYES 64 64  0.8325  0.9976 63  0.0024
190 395 YES 64 64  0.9724  0.9958 63  0.0019
191 "398 VES 63 63  0.9550  0.9648 30  0.0172
192 398  YES 63 63  0.3093  0.9914 43  0.0084
193 399 YES 64 64  0.7076. 0.9396 63  0.0518
GRCUP 30 41. 42 43 49 53 é; 63 64 67 70
CODE

FABRIC MAI FI FII F III FIX MIII M1V NiII NIV NVII LI UNASSIGNEI

209

Q9



210

o
"
SAMPLES OF ARS LAMPS °
CASE  SAMPLE " ACTUAL HIGHEST PROBABILITY * 2ND HIGHEST .
SPQNUM NUMBER  SEL GROUP GROUP P(D/G) P(G/D) GROUP P(G/D)
196 471 YES 70 70 0.0004 1.0000 54 °0.0000
197 472 YES  UNGRPD 63 0.0000  '0,9949 43  0.0039
198 475 " YES 70 70 0.0018 1.0000 53  0.0000
199 476 YES 70 70 0.0000 1.0000 54 0.0000
200; 47T7T** ' YES 70 ** 63 0.16562 0.6509 53 . 0.3134
- 2014 478 YES UNGRFD 63 0.3841  0.6647 64 0.3226
202" 479 YES UNGRPD 53 0.0404 0.8126 30 0.1575
203 482 YES 70 70 0.0000 0.9173 49 0.0823
204 485 YES 70 70 0.0024 0.9995 53  0,0004
205 487 YES UNGRPD 53 0.6727 0.9483 30 0.0360
206 488**  YES 70 ** 53 0.0014  0.5679 54 0.2402
- 207 489 YES 70 70 0.0644 1.0000 53  0.0000
208 492 YES  UNGRPD 63 0.2767 0.9961 64 0.0030 S
53 =M IIX, 63 = NIII, 70 =L I
L Y
GROUP 30 41 42 43 49 53 54 63 64 67 10 a9
CCDE

FARRICMA I F I F II FIII FIX MIII M IV NIII NIV

+

LY

NVII LI UNASSIGNED
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- CASE

sup

SEQNUM  NUN  SEL

APPENDIX IIX

THIRD DISCRININANT AMALYSIS: CLASSIFICATION RESULTS

ACTUAL

GROUP

SAWPLES FROM LOCUS 2F 32-3b

HIGHEST PROBABILITY

GROUP P(D/G) P(G/D)

§6 126  YES 3 3 0.8233 0.6352
§ 121 YES 3 3 0.7197 0.8M46
56 128 YES 3 3 0.6977 0.8678
51 129 YES- 11 30.6338 0.84N
58 130 YES 3 3 0.8525 0,8598
59 132 YES 3 30,0200 0.9162
60 133 YES 3 '3i3 0.5312 0.9177
A 3 30543 0.9310
62 135 YES 3 3 0.8524 0.7787
63 136 YES 3 30.484 0.9497
64 138 YES 11 38 30.5367 0.5629
65 33 YES 3 3 0.9172 6.8000
66 140  YES 3 11 0.8383 0.4326
67 W41 YES 3 3 0.7247 0.6368
§6 142 NO  UNGRPD 4 0.0428 0.7842
88 W3 YES 1o 4 0.6760 0.3751
0 144 VS 3 3 0.8321 0.5743
M WS YES 1 11 0.1610 0.7674
12 W6 YES 3 3 0.6678 0.7626
13 147 N0 UNGRPD 3 0.0704 0.7787

GROLP 3 4 5 1 1 il

FARICTYPE III IV. MWATA WAIB L1 UNASSIGNED

D HIGHEST

GROUP P(G/0)

11 0.3021
11 0.1524
11 0.1163
11 0.1492
11 0.1213
11 0.0811
“11 0.0815
11 0.0676
11 0.2106
11 0.0498
11 0.2747
1t 0.1706
33 93150
11 0.2814

3 0.1085

3 0.3358

11 0.3310

3 0.2026

11 0.2292

11 0.1336

DISCRIMINANT

SCORES. ..
-1.7380  -0.4980
-2.1187  -1.4218
-1.9661  -1.4056
-0.5823  -2.2563
14817 -1.7T434

0.2504 -2.833
-0.4781  -2.9307
-0.T485  -2,7514
-0.6367 .-0.9419
-0.8025  -2.7267
-0.8178 . 0.0939
~1.4383 -1.4748
-0.7220  0.7232
-1.2603  ~0.7087
S.7455  1.0459
-0.4568  0.0621
-0.0767  ~0.2355

1212 ~0.6484
-0.6488 -2.0819
-0.2658  -1.9521

~0.0864
-0.1422

0.3426

0.5552
-0.3191
-1.0536
~0.5857

0.3184
-0.2230
-0.4654
-0.0837

0.2615
~0.4708
-1.1118

-2.0023

-1.7205

-0:9659

-0.5396

<
-0.7212 -

-2.1028

-0.4416
-0.0843
-0.9581

0.0180

~0.1149 .

1.2899
-0.1887
-0.6212
-1,5212
-1.6860
~0.4285

0.2058
-0.671

0.3584
-1.2145
-0.1244
~0.7453

1.1

0.9224

1.3215

211 .

fD.i523
0.1862
-0.2354
-0.42M3
0.5247
2.4120
0.0840

0.1695

-0.2014 -

0.0389
1.7000
0.4930
0.0519
0.7840
2.6346
1.1873
0.1382
-1.9514
-0.33

1.5913



= CASE

i

5

16
"
1

19
80
8
82
83
B4
85

06
81
2
8
%
9
82
8
o

95

) ACTUAL  HIGHEST PROBABILITY  2ND WIGHEST

SEMM NUK SEL GROUP  GROUP P(D/BY P(Q/D)  GROUP P(8/0)

SANPLES FROM LOCUS 2F 32-36
148 YES 3 30.4005 0.4045  110.3883
150 YES 3 20.0318 0163 11 01968
51 Y3 3 30.0203 0.6200 11 0.3208
52 ¥ES 1w 30,916 0.6851 11 0.2783
158 YES  hm 30.9624 0,750  110.2915
185 YES 38 11 0.2020 0.3743 £ 0.3525
51 YES 3 30.8367 0.7686 11 0.204S
158 YES 3 30.1385 03776 11 0.3469 -
158 YES 3 30.8020 07033 110.2826
160 NO 3o 11 0.7663 0.4390 30,2778
B YEs 11 30.7050 0.552 11 0.4161
162 YES IR 1 0SY08N  13.0.2123
163 YES 11 30.6054 0.5680 11 0.3840
186 YES 11 40689 0.7492 1101347
167 YES 3 30.7860 0.5501 11 0.3488
168 YES 3 300691 0.8148 1303153
168 YES (= 30.9160 0.7148 11 0.2685
o oYEs 1w 30.0218 0.8566 11 0.1207
11 OYES 1% 30.8000 0.6096 11 0.3462
12 Yes 1 30,8207 0.7M5 11 0.1863
75 Y 0 1w 30.821 0.6743 11 0.2856
1 ves 3 ELEEXITTRNT 0.3026
GRIUP K 13 7 1
RRCTIE I IV WA WIB L1 UMSIGD

APPENDIX IIX

THIRD OISCRIMINANT ANALYSIS: CLASSIFICATION RESULTS

DISCRININANT
SOORES...
-0.2154  0.1978
11876 -1,2031
159172 ~0.5066
-0.9172  -0.9084
-0.7780  -1.1952
0.8752  -0.4829
0.0 -1.4705
15680, -0.3808
-1.0085 -1.5415
-1.0843  0.1046
05211 -1.2088
[ adaon 0.891
13680 -1.0178
0.1239 0,845
1512 -0.1822
13042 -0.535
-1.1283  -0.9701
-0.3532  ~2.8561
-0.2655  ~0.5805
-1.3786  -1.0155
-0.2235‘5 -0.8150
-1.5838  -0.2118

1.3580

=0.4048

-0.5887
20,3820
-0.4237
N\
-3.0210
0.3987
-1.36%

-0.4922

.~0.5418

-0.3488
-0.2048
-0.3238
-1,9484
-0.0871
-0.8851
0.0126
-3.1523
1.5142
1.1706
14T

1.5129

0.4129
-0.3659
-0.5078
-0.4791

0.3052

0.8260

0.9059

-1.3924
0.3936
1.3560
1.2876
1.8098
0.7356

=0.0004
0.7925

-0.1100

-0.7385
0.0564

-0.0858

-0.4669

~0.0116

-0.1353

212°

1.015%
1.1822
=0.4815~

-0.0187
0.7250
0.3873
0.1162

-0.3183

-0.8357

0.2009

-0.6571

~0.6255
-1.0413
1.1
-0.4272
0.1
-0.7879
0.8
0.1068
0.3293
0.4265

-0.2244



= CASE

NP

d"

APPENDIX IIIX

THIRD DISCRININANT ANALYSIS: CLASSIFICATION RESULTS

ACTUAL

SEQNUM  NU® SEL  GROUP

SAMPLES FRCM LOCUS 1M 7

36
97
‘98
99
100
L
102
103
104
105
106
107
108
109
19
1}
12

13

114

HIGHEST PROBAILITY

GROUP P(D/G) P(G/D) -

119 YES 1= 4 0.2776 0.6655
181 YES 1 3 0.8499 0.4743
182 YES 1" 11 0.8977 0.5673
183 YES it = 4 0.3932 0.5231
184 NO  UNGRPD § 06227 0.6728
185 YES 3 = 11 0.1086 0.8219
186 N0  UNGRPD 5 0.0008 0.3664
181 YES 1" 11 0.8887 0.5034
188 YES te 4 0.9194 0.8763
189 YES 1 3 0.4745 0.6354
191 YES 3 3 0.4231 0.6632
193 YES 3 3 0.9324 0.7467
19 YES 4 4 0.5883 0.6435
195 NO  UNGRPD £ 01819 0.7164
195 YES 3 11 0.5852 0.4901
197 YES 3 3 0.4053 0.7131
198 YES 4w 11 0.3207 0.8523
199 YES 3 3 0.5767 0.8707
200 YES 1 = 3 0.8070 0.8250

GROUP 7 4 5 8 1 1

FABRICTYPE III IV M A

AN

MIB L1 UNASSIGNED

ND HIGHEST

GROUP P(B/D)

13 0.2227
1 0.315

30.3129
11 03018
11 0.1214

3 0.1035
11 0.2466
3 0.3998
11 0.0914
11 0.3321
19 0.3207
11 0.2437
11 0.3113
11 0.2114
3 0.4872
11 0.2825
13 01769
11 0.1281

11 0.1606

DISCRININANT
SCORES. ..
~1.006¢  2.9080
-1,3582  ~0.0500
-0.3189  0.2107
0.9356  2.0464
-0\5882  2.4078
0.3216  0.5226
1.3200  2.8609
-0.1240 0,295
To6122  1.4266
<0.2058  -0.7502
1.4261  -1.4529
0.2123  -1.0393
1.0354 1,353
0.9916 18783
-0.3178  -0.5094
0.4703  -2.0208
04481 1.3237
0.6397 -2.432
-0.7750

-1.7853

-0.9508

1.8087
0.9572
0.1489
-0.l2hl
0.7970
2.1916
0.1622
-1.1121
2.1183
-0.002¢
0.4476
-1.0842
-1.1086
1.1808
1.3150
0.1448
0.5933

" 1.3283

1.2003
-0.1682
02297
-0.4842
-.5354
1.3797
-1.2548
-0.2678
0.1125
-0.2469
-0.5768
-0.8110
0.8546
22599
-0.3013
0.5063
0.8501
-0.0883

~0.1162

213

-0.4732
-0.0917
-0.9480
-0.1973
0.5225
-2.1376
2.0562
0.0409
0.5848
-0.3479
-0.2046
0.3288
-1
-0.5724
-1.6579
-0.8831
-1.9881
0.5355

-0.0328



- CASE

- S

APPENDIX III .

&

THIRD DISCRIKENANT ANALYSIS: CLASSIFICATION RESULTS

ACTUAL

‘HIGHEST PROBABILITY

SEQNUN NUM SEL  GROUP . GROUP P(0/6} P{G/0)

SIPLES FRON LOCUS 1N 7

115
1§
11
18
19

120
121
122
123
124

125

" 30.7580 0.5151

201 YES 3
200 YES n 11 0.4612 0.6738
209 YES ' 4 0.5527 0.7182
204 YES 1 11 0.5245 0.6180
07 YES 3 3 0.7895 0.6309
210 YES 4 4 0.9564 0.9566
21 YES 1" 11 0.6720 0.4987
212 N0 TR 4 0.3832 0.5654
213 YES 1 11 0.9400 0.5419
215 YES 30 11 0.7939 0.5970
216 YES ‘. 4 0.6118 0.9236

GROUA. 3 4 5 13 1 1

FABRICTYPE III & MIA WIS LI NASSIRNED

2ND HIGHEST

GROUP P(6/D)

11 0.3644
30,2587
11 0.2080
3.0.3487
11.0.:473
11 0.0362
303716
11 0.199%

30,419

3 0.2624

13 0.0348

DISCRININANT
SO0RES...
1084 ~0.9316
0.1483  0,7590
10216 2.1008
13308 -0.1578
0.5488  -0.8274
0.9473  1.8187
0.8776  -0.4378
17238 -0.1821
0.3169  0.59M
062 00
-0.4335  2.6603

0.6728

1.1015

1.9 -0.6888
-0.3093  0.4929
-0.4864 11,2923
0:5892 -0.1633
-1.3121.\3:0.1116
-1.1818  -0.2267
-2.1538  -0.18M
0.2022 -0.0180
=0.1117  1.4600
-1.1932  -0.2200

-

| 214

~0.1863
14721
0.5283
-0.8993
0.9188
-0.0378
-0.8135
0.4562
-0.7508
~1.0389

AU



DISCRIMINANT

SCORES...

.91
\

-1.1089

-0.9801

-0.4248
-2.1040
-2.3080
-1.9256
-1.7964
-1.8918
-1.4838

0.2122
-1.5288
-1.2911
-1.647M
-2.4156
~3.6390
-2.5503
-2.9100
-3.28683
-3.33
-.0203
-3.0535
=31

-2.0219

(3]

0.0938
-1.0715
1.2245
0.5628
3.5084
2.2851
1,187
0.5934
1.2483
0.4385
0.2754
1.1892
0.5286
0,543
1.1521
2.5040
1.2102
3.3330

3.3562

, 3.0392

2.2897

3.3160

1.7403

1.3281

SNPLES FRIM MAHRINE THIRD DISCRININANT AMALYSIS: CLASSIFICATION RESULTS
). CE 9P ACTUL  HIGHEST PROBIBILITY 2N HIGHEST
SENM MM SEL GROLP GROUP P(D/B) P(G/D)  GROUP P(G/D)
1% 26 YS 13 % 30.7041 0,454 11 0.35%
W oW vs 13 30,5426 0.6997 10,2472
12 zzé YES 13 13 0.9500 0.5460  110.3155 .
W W YS 13 % 11 0.9104 0.4676 30.23
0 20 YES ¥ 50.0M20.4809  40.2523
ETR X B () g = 13 0.4503 0.6%47 § 0,297
132 232 YES 5 13 0.9770 0.5579 11 0.1715
133 233 YES 13 13 0.9598 0.3716 11 03101
W VS 13 13 0,9428 0.5834 5 0.2200
135 235 YES 13 13 0.9255 0.5310 1 0.2116
1% 236 Y6 13 13 01219 0.4936 11 .3663
131 B YES 13 13 0.9230 0.3344 10,2923
138 238 YES 13 13 0.8970 05150 11 0.2030
139239 YES 3= 3 0.37118 0.4866 10,2026
W0 A0 YES 5 5 0.8811 0.7791 13 0.1645
W A1 YES 5 5 0.9821 0.8951 13 0.0045
U2 2 YES 5 5 0.8545 0.8433 13 0.0839
%3 243 YES 5 5 0.8794 0.9949 13 0.0049
" 4 YS 5 5 0.8329 08982 13 0.0018
U5 A5 YES 5 * 5 0.5893 08855 13 0.0005
W6 A6 YES 5 5 0.1035 0.4358 11 0.2585
Wl w1 YES 5 § 0.6539 0897 13 0.0003
g, 48 Y 5 5 0.6306 0.9138 13 00815
19 23 S NG 5 9.6513 0.5371 13 0,2017
GRP 34 5 31
‘
FABRIC TYPE 111 UNASSIGNED

v mIA M L]

" 0.TH49

07839 0.18%0
0.354
0.005 1502
.05 0.503
Q410 11090
029 14185
0.557 06211
0387 0.1000
1O 0.6
0335 1.5%
250 2.2
0.742  0.05%8
0.6%8  1.213
1687 0.8650
19320 -0.1918
1.6006  -0.7906
1253 -0.8459
1.0165 -0.5130
14020 05760
2765 -0.7531
1,098 ~2.0897
1905 -1.7146
16021 0.2811

1.3532  0.1848

0.9090
0.30%4
0.05%2
0.1516
-0.4418
0.7160
0.2525
-0.0622
0.1878
0.7685
0.4849
02859
1.4845
-0.918
0.0087
0,407
-0.8022
06508
0.0483
-0.7580
-0.210
0.1455
0.1675

-1.2963

215



180
151
152
153
154
155
156
157
158
159
160
181
182
163
184
165
168
167
188
189
170
m

172

THIRD OISCRIMINANT ANALYSIS: CLASSIFICATION RESULTS

APPENDIX IIT

HIGHEST PROGABILITY

oY KT ND HIGHEST
SEQMUN NUM SEL  GROUP GROUP P(D/8) P(6/D)  GROUP P(6/0)
SANPLES FROM LOCUS TN 17
250 YES ‘ 4 0.9983 0.7213 11 0,196
51 YES 1 11 0.9511 0.5013 3 0.4463
252 YES 3 30.9923 0.6004 11 0.3528
5 YES 3 3 0.9682 0.6560 11 0.3212
5 Y6 3 3 0.9803 0.8375 11 0.1543
256 N0 UNGRPD 3 0.8708 0.8636 11 0.20T4
31 YES 3 3 0.7538 0.5649 1 0.3511
358 YES 1" 11 0.4444 0.4714 3 0.4108
¥ VES 3 3 0.5869 0.3511 13 0.3189
%2 YES 3 3 0.6864 0.6987 11 0.2048
383 YES 3 3 0.1447 0.8301 11 0.1557
3/ YES 3 3 0.7279 0.6231 11 0.2255
365 YES 1= ¢ 0.8202 0.8363 11 0.0899
366 YES 3 3 0.7965 0.7667 11 0.2287
%7 Y ¢ 4 0.9590 0.9755 11 0.9186
368 YES 3 3 0.8512 0.7699 11 0.2180
310 YES  UNSRPD 4 0.3965 06438 11 0.2251
n Y 3 3 0.8160 0.6768 11 0.2994
m  Yes 3 3.0.3948 0.9338 11 0.0658
M Y -3 3 0.9378 0.8104 11 0.1860
M YES 1= 3 0.9156 0.8182 11 0.3571
35 YES ‘ & 0.7527 0.4521 11 6.0260
aw YEs N o1 1107874 0.491 3 0.3545
GROUP 3 ¢ 5 1 1 1

FABRIC TYPE III

IV mIA W LI

UNASSIEHED

DISCRININANT

SCORES. ..
0.39%4  0.8988
0.2438  -0.8649
-0.3786  -0.5320
-0.1219  -1.2512
-0.6287  ~1.5156
_ -0.§787  -0.8079
0.4142  -0.2285
04832 -0.36%2
-1.893t  0.1981
1401 -0.5187
0.6782 -1.0765
-1.7009  -0.7169
-0.3262  1.323
-0.3173  -1.2379
0.0241  1.9180
-0.3308  -1.4110
0.1508  0.6098
-1.3239  ~1.0386
0.02% -3.0735
0.2679 ~1.7859
-0.1487  -1.009
-1.1819.  1.9260
-1.0161  0.5965

=1.5820
-0.2263
0.0132
-0.5659
0.3381
=1.0884
=0.6727
~1.4284
0.3194
1.1537
-0.4360
0.2758
-1.5204
0.1499
~2.2386
-0.8609
=1.6510
o.421
0.6638
0.0447
-0.8T1
~2.3266

<0.4754

=0.0465
0.9759
'0.0687
-0.0346
-0.5161
=0.7187
-1.2049
-0.5940
U.337§
-0.4400
-2. 1487
0.5352
-0.8470
-1.3664
-0.6246
=0.9075
=1.77103
-0.2539
-0.6924
-0.302
-0.2385
-0.1233

-0.7075

2le -

0.1228
0.1166
0.5180
=0.4682
0.6226
-0.2891
0.0768
-1.6578
6.151
0.9654
0.2312
0.9381
1.2113
-0.8505
0.1552
-0.3798
-1.3554
-1.1040
-0.0552
0.344
-0.6031
0.3102

-0.4326



~ CASE

SEQNUX  NUN  GEL  GROUP

snp

\

APPENDIX IIX

THIRD DISCRIBINANT AWALYSIS: CLASSIFICATION RESULYS

ACTUAL

SAMPLES FROM LOCUS N 117

113

m

115

176

An

118

1m

180

181

182

183

184

185

186

187

188

188

180

9

192

193

m

HIGHEST PROBABILITY
GROUP P(D/G) P(B/D)

4 0,6855 0.9680
7 0.5327 1.0000
T 0.0000 1.0000
4 0.9190 0.8933
4 0.8812 D.9048
4 0.7740 0.4251
3 0.7474 0.5596
3 0.1106 0.7236
3 0.8783 0.6570
4 0.9411 0.6248
& 0.06440 0.9324
5 0.5293 0.8482
11 0,6157 0.5176
13 0.7681 0.3838
5 0.5528 0.6952
4 0.9041 0.9206
4 0.8563 0.9353
4 0.9883_0.3907
3 0.9372 0.5069
3 0.4023 0.88T3

4§ 0.6273 0.7344

- 2ND HIGHESY
SROUP P(G/D)

11 0.0230
4 0.0000

4 9.0000

11 0.010
/i1 0.0687
11 0.2748

11 0.3255

11 0.2248

11 6.2824

11 0.2672

\ 11 0.0454
13 0.1266
13 0:3098

3 0.3125

13 0.1815

11 0.052

11 0.0405

11 0.0743
11 0,4817
11 0.1080

11 0.131%

YES '
M YES 7
3719 YES 1
380 YES ‘
381 KO UNGRPD
/2 YES R
303 YES 11 %
385 NO  UNGRPD
3% YES 3
387 YES §
398 YES 4
389 NO  UNGRPD
390 YES 1"
391 YES 3 %7
392 YES  UNGRPD
393 YES '
334 YES 4
31§ YEO ‘
39  YES 3
398 YES 3
399 YES 4
GROUP 3 & 5
FABRIC TYPE 111

IV WIA

13 1

Mg LI

11

LNASSIGNED

DISCRININANT
SCORES. ..
s
11328 0.9020
11.1123  0.8801
12,8020 1.3115
-0.0703  1.0902
-0.433¢  1.3828
-0.8080  1.2995
-0.6965  ~0.6241
0.2118  -1.3578
-0.5359  -0.9173
0405 0592
0.5138  0.7563
LT3 2,144
0.0535  1.2661
-1.4220  -0.0758
2.3210  1.9309
-0.5807  1.5820
0.4215  0.8975
-0.0031  1.0041
-0.5351 -0.2530
04735 -1.4464
-0.6741  1.9755
$

-2.U418
g.o71
2.5038

-~2.3651

-2.1325

-0.6732
0.0590

-1.6034
0.4197

-1.0435

-2.5728
1.9012
0.4000
0.1990

-0.1257

-1.9655

-2.4242

-2.1634

0.6493

1.7260

-0.7044

~0.8697
-1.0820
0.1313
0.7575
-0.2463
-0.4871
-1.2819
0.8949
0.6876
0.6616
-0,8899

g.6207

1,251

1.0169
-0.8182
-0.98%0
-0.8648

0.0283

-0.112

-1.5260

-1.2388

217

0.212
<0150
4.8316
0.1798
-6.3268
0.8931
-1.0539
2.1800
1.0284
-0.2025
' 0.0408
-1.525
-0.0872 -
1.8519
" 1.1833
-0.0442
0.7441
0.4390
-0.5199
0.6907

0.8556



APPENDIX III

.THIRD DISCRIIIﬁIHT ANALYSIS: CLASSIFICATION RESULTS

- L%
- CASE  8WP ACTUML  WIGHEST PROBABILITY  2ND HIGHEST
SEWUN MUN . SEL GROUP GROUP P(0/6) P(O/D)  GROUP P(G/D)
SANPLES OF ARS LAMPS
91 oMm oYes 3 30.0000 0.9748 11 0.10T1
198 472 VES 1 70.0915 1.0000 11 0.0000
199 475 YES 1 70.0000 1.0000 11 0.0000
200 416 YES 1 11 0.3287 06062 30,3221
W oam oy N 11 0.7923 0.4192 ¢ 0.2681
202 418 YES 1 11 0.2027 0.4381 13 0.4009
203 479 YES T 1100000 0.4619 7 0.3550
200 492 YES 1 7 0.0048 1.0000 4 0.0000
205 455 YES 3™ . 110.6537 0.6955 3 0.2474
6 417 YES 1 11.0.0204 0,596 30.3168
201 488 YES 7 70.9300 1.0000 11 0.0060
08 492 YES 3 3 6.2498 0.7773 11 0.2122
GROUP 7 4 1

13 1 i

FABRICTYPE III IV MATA MAIB LI  UNASSIGNED

DISCRINTNANT
SCORES...
0.5010  -0.0623
9.6895 -1.6201
10,1617 0.T152
1.2958  -0.3567
02500 0.8053
03 6.0m8
4.6760  0.0584
7.2831  0.8842
1.2186  0.2078
1.2168  -1,1597
9.4028 07913
1.0137 . -1.5910

2,7598
-0.5426
0.3245
0.2523
-0.7067
1.8232
1.2134
-0.8816
0.8878
2.2804
0.9906

-0.4828

-5.3622
-0.5858
1.7853
1.7968
0.5596
2,1639
1.6323
-2.2028
0.6391
1.9053
0.1420

0.4821

. 218

0.1182
-1.6509
~3.6129

0.7662

0.5830
-0.3827

2.6666
-2.1722
-0.3473
-1.7151
-1.0184

1.9026



CAESE SwP

54
55
56
51
58
59
60
61
62

63

b4.

65
65
87
69
69
70
!

1

APPENDIX IV

FINAL DISCRININANT ANALYSIS OF ARS POTTERY
FABRIC TYPES 111 & IV

ACTUAL HIGHEST PROBABILITY
SEQNUM  NUM  SEL BROUP BROUP p(n/gzlr(e/n)
SANPLES FROM LOCUS 2F$2-35

th @m 3 3 0.6052 0.9977

121 YES 3 3 0.4972 0.9999

128 YES ' 3 3 0.5715 0.9999

129 YES  UNGRPD 3 0.3927 1.0000

130 YES 3 3 0.5903 0.99899

132 YES 3 3 0.1744 1.0000

133 YES 3 3 0.1921 1.0000

1M YEsS 3 3 0.2650 1,000

- 135 YES 3 3 0.9593 0.9993

136 YES 3 3 0.2393 1.0000

138 YES UNGRPD 3 0.8318 .91

139 YES 3 " 30,6840 1.0000

140 YES 3 3 0.3397 0.8637

1 YES 3 3 0.4821 0.9867

142 NO  UNGRPD 4 0.0704 0.9057

143 YES  UNGRPD 3 0.2261 0.6612

144 YES 3 3 0.5706 0.9613

145 YES UNGRPD 3 0.0077 0.9230

;45 YES 3 3 0.6641 0.9998

GROUP 14 5 31 1
FBRICTYPE I11 IV MATA WAIB L1  NASSIGNED

N0 HIGHEST
GROUP P{(6/D)

4 0.0013
4 0.0001
5 0.0000

"5 0.0000
4 0.0001
4 0.0000
4 0.0000
4 0.0000
4 0.0007
4 0.0000
4 0.0016
§ 0.0000
4 0.1324
4 0.0133
3 0.0546
¢ 0.2327
4 0.0387
40,0710

" 4 0.0002

OISCRIMINANT

SCORES... -
-1,7338  0.5811
-:.1433 1.5M9
-1.7954  1.6964
-1.1732 2.6598
-1.5374  1.7815
~3,0080  3.0858
L0285 2.7866
-0.5479  3.1038
-1.0020 079564
-0.5217  2.5389
-0.9350  0.4897
-1.5173  1.7898
-0.71331  -0.6728
-1.3691 | 613122
-2.4680 -1.9670
04534 -0.4750
-0.7780  0.0525
27571 0.5891
-0.5287  1.7906

-0.1637
"-0,9430
02549
0.3442
-0.1918
SRIE
-1.5471
-0.4837
-0.2615
Lo
0.3666
0.0438
-0.0523
-1.1466
-1.2859
-1.4556
-1.0010

-1.14G8

-1, 2157

219
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CASE  SWP ACTUAL HIGHEST PROBABILITY
SEQNUN  NUN SEL  -GROUP GROUP P(D/GY P(0/D)
LOCI 2F32-36

73 T KD UNSRRD 3 0.1851 0.9900
W W8 YES 3 3 0.2224 0.9970
15 150 VES e 30,6941 0.9989
% 15% Yes 3 3 0.4775 0.9879
152 YES  UNGRPD 3 0.8520 0.9989
18 153 YES' UNGRPD 3 0.§555 0.9994
19 155 YES 3 3 0.1240 0.6950
0o v 3 3 0.6229 1.0000
B1 158 YES 3 = 4 0.3505 0.5188
82 15 YES 3 3 0.7647 0.9990
83 160 NO 3 3 0.4391 0.9656
84 161 YES UNGRPD 3 0.9262 0.9981
85 162 YE; 3 3 0.2808 0.8618
86 183 YES  UNGRPD 3 0.61850.9979
81 160 YES  UNGRPD 409615 0.9938
88 167 YES 2 3 0.8371 0.9989
89 160 YES 3 3 0.4008 0.9448
90 168 YES R 3 0.9656 0.5993
91 110 YES UNGRPD 3 0.0000 0.8532
92 171 YE3  UNGRPD 3 0.3154 0.9991
99 112 YES UNGRPD 3 0.4614 0.9999
96 175 YES UNBRPD 3 0.3726 0.9999
95 176 YES 3 3 0.1406 0.9854
&P 3 & 5 1w 1
BGRICTYE HI IV MAIA MAIB LI UNASSIGNED

AFPENDIX IV

FINAL DISCRININANT ANALYSIS OF ARS POTTERY
FABRIC TYPES I11 & IV

2ND HIGHEST
GROUP P(6/0)
4 0.0100
"5 0.0025
4 0.0011
¢ 0.0116
§ 0.0010
4 0.0005
4 0.3050
4 0.0000
304811
4 0.0010
4 0.0285
4 0.0013
§ 0.1310
¢ 0.0020
3 0.0052
4 0.0010
4 0.0550
¢ 0.0007
4 0.1468
~4 0.0008
5 0.0001
§ 0.0001"

5 0.0146

DISCRININANT
SCORES. ..

-0.4550  1.0012
-0.1008  0.4855
©-0.8164  1.0502
C-LSTA 0.1832
-1.2765  0.708%
-0.7511  1.1875
0.3 -0.0110
-0.55;5 2.4
0.8694  ~0.5941
-0.6740  1.2500
-1.2746  -0.3%30
-0.1902  1.0048
0.1080 -0.6564
-1.1225  0.7926
-0.2032  -2.0492
-1.3232  0.8203
-1.0507  -0.0108
-0.9507  1.0040
0.5378  1.2515
11138 0.9568
-1.2847  1.8702
-0.3162  1.7026
-1.5565  1.2356

23313

1.8098
~0.8458
-0.7823
-0.2628
-0.6470
-1.7310

0.1161
1.0023
-1.192
-0.0226
~0.7415

0.3383
-0.7844
-1.6836
-0.3813
-1.2822
-0,3522
-4.8424

0.7050

1.0555

1.5215

1.8891
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. APPENDIX IV.

FINAL DISCRIMINANT ARALYSIS OF ARS POTTERY. FABRLC TYPES 101 & IV

USE 9P ATUL  HIGHEST PROBABILITY A MIGIEST  DISCRIMINANT

MM NN S G  GRUPP(D/B) P GROVP PGM)  SOORS...

LOCT 2F32-35
BOW N NG JOI51 0000 40000 DS Lo -2.990
W s 3 30224 0.9970 50005  -0.1009 0455  1.8086
BOoW Vs 3 100040 0.9980  40.00M  -0.8164 10502 -0.B468
OO 3 AT O A0ME LS 0082 07623
1R YES NGRRD 300620 0.9980 400010 -1.2065  0.7881 -D.2628
B VS WG 30.955 0,008  £0.0005 075 1OBI5 06470
n O VS 3 30120 0.6950 40350 08133 -0.0T07 -1.7370
015 VS 3 906200000  40.0000 05575 24442 0.1950
g 1% Y  3®  ADIS50.5%89 304811 0.86% -0.5%1 -1.0023
21 YS 3 JOTH 0.8 60.000  AGH0 1200 1.1
B 160 N Y 00N 4005 L2 0.0 0.0
BB YES NGO J0.0E 00T A0.0M3 00002 1.0M8 0.7
B 8 VS 3 (02008 08618 403D 0100 DS 0.3
8 163 YES LNGRPD 300085 0.9070  40.000  -1.125  0.79%6" -0.764
B YES NG OSSO0 0N DA 2R -6
B Ve 3 JOH 0.9989 40.0000 -1 0.8203 -0.%7M
B 18 YB3 304000 0.949 4 0.0550  -1.0507 -0.0108 -1.2622
® 169 Y &% 3006509093 40.000 09507 1.0080 90352
91 VS NP JOOM0 0852 40.E R 1515 4.ea
2 M YES NGRD. 30,35 0.9991  40.0008 11739 0.9568  0.7050
9 M Y NP 0461 0.8580  50.0001 10847  1.8702 10855
WO VS NGO 30.9260.999  50.0001 0362 19026 1527
S 1% S 3 BOMOBOMS  SO0MS -GS 17360 1.0

R CE 3« 4 VA A

FABRIC TYPE III IV

KAIA MAIB L1 UNASSIGNED

)
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CASE S ACTUAL HIGHEST PROBABILITY <  2ND HIGHESY DISCRIMINKNT
SEQNUM  NUM  SEL GROUP GROUP P(D/6) P(G/D)  GROUP P(G/0) SCORES. ..
SAHPLES FROM LOCUSIM 7 *
115 201 YES 3 3 0.9913 0.9908 4 0.0012 -0;3110 0.8
116 202 YES  UNGRPD 3 0.1324 0.9414 4 0.G444 0.0435 -0.6512
1Y 208 YES 4 4 0.1585 0.9979 -3 0.0020 1.7235  -2.6680
118 204 YES UNGRPD 3 0.5058 0.9930 4 0.0070 0.9401  D0.6308
Mg 207 YES 3 3 0.5002 0.9998 4 0.0002 0.7427  1.3015
120 210 YES 4 40,6618 0.9999 '3 0.0001 i.ﬂlld -3.1352
121 211 YES  UNGRPD 4 0.2248 0.6587 3 0.3413 1.2647  -0.4M10
122 212 NO UNGRPD 4 0.2175 0.9800 3 0.0200 "1.1738 1132
123 213 YES  UNGRPD 3 0.3007 0.9707 4 0.0251 -0.1043  -0.3781
a6 15 YES 3 3 0.7782 0.9835 4 0.0164 -0.3872  0.1028
125 216 YES 4 ‘y,}d 0.3792 0.9958 5 0.0036 ~B.%935 -3.3182
GRUPCODE 3 -4 5 37T M
FABRICTYPE III Iv MAIA MAIB L LNASSIGNED

APPENDIX IV

FINAL DISCRIMINANT ANALYSIS OF ARS POTTERY

FABRIC TYPES III & IV

-0.1291
1.3064
0.2641

~0.2160
0.1?54

-1.4561

-1.56118

-2.1613
£.9523

-0.1834

-0.2658
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FINAL DISCRININANT ARALYSIS OF ARS POTTERY. FABRIC TYPES 111 & IV

FABRIC TYPE III IV

WA MIB L1 UASSIND

CASE o ACTUAL HIGHEST PROBABILITY 2D HIGHEST DISCRIMINART
SEQNM NM SEL © GROUP GROUP P(D/G) P(G/D)  GROUP P(G/D) SCORES...
SAMPLES FROM MAHRTHE

126 226 YES UNGRPD 3 0.3640 0.8282 40.0729  -1.2678 -0.3361 -0.5130

121 221 YEB NG 3 0.8368 0.9399 5 0.0000’ -0.8501 ’ 1.6330  0.5508
TN 28 YES UNGRPD 3 0.1562 0.8085 401225  -0.9526 -0.9365  0.6207
129 8 YES UNGRPD 3 0.2661 0.65580 403413 -0.4855 -0.7986 -0.5752

. \ 130 230 YES ULNGRPD 4 0.0037 0.9989 50.0000  -1.1507 -5.6556 -1.279%
131 231 Y& 5 0.4391 0.9702 40.0243  -2.4619 -2.2729  0.6899

132 232 YES 5 0.3572 0.6004 30.3865  -1.9219  -0.B404  1.0085

133 233 YES UNGRRD 3 0.1456 0.7720 502230 -1.9832 -0.3191  0.8919

138 23§ YES (INGRPD § 0.5666 0.8315 30.0683  -2.3170 -0.4366  1.96M3

135 235 YES  UNGRPD 3 0.4151 0.9636 40.037 -1.3670 -0.3053 -0.1303

136 236 YES LNGRPD 3,0.0014 0.99%5 § 0.0005 0.4823 2.0032  3.%612

137 237 YE NGRD 5 0.3575-?5223 30.3693 -1.6885 -0.7960  1.3473

133 238 YES UNGRRD 3 0.2579 0.9408 50.0579  ~1.4881  0.1141  1.216

139 239 YES UNGRFD 3 0.1096 0.9838 §0.0102  -1.8726 15177 1.8628

140 40 YES 5 .42 0.5863 30.0131 -2?7038 Q.18 2.6741

W W YS 5 0.9716 1.0000 30.0000 -3.2679 -1.8979 2.4123
142, U2 Y5 5 0.6791 0.9708 30.0289  -2.6013 -0.69%7 1.50312

i43 43 YES 5 0.5759 1.0000 40,0000 -3.5242 -3.0389 2.2210
IM_ 44 YES 5 ©.6580 1.0000 3Q.0000 -3.TM09 -2?&43 2.5041

145 45 YES 5 0.4340 1.0000 30.0000  -3.6708 -1.8716  3.6470

We 245 YES 5 0.1740 0.9237 40,0511 0,785 -2.1551 -1.9643

147 47 YES 5 0.6055 1.2000 30.0000 -3.7095 -2.5662  2.949%

148 48 %S 5 0.8537 0.99%8 30.0002  -3,5854 -1.1504  2.34%4

GRUPCOE 3 4 6 13 1 1
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’ APE;ENDI'X IV N
FINAL DISCRININANT AMALYSIS OF ARS POTYERY
FABRIC TYPES 11 & IV _
w - MTUAL  HIGHEST PROBABILITY  2ND HIGHEST DISCRIMINANY-
SENJM NUN SEL  GROUP  GROUP P(D/B) P(6/D)  GROUP P(8/D) ~  SCORES...
SANPLES FRON LOCUS 1N 17
150 250 YES ‘ 40,9697 0,894 30005 09705 ~2.0012
151 251 YES UNGRPD 309269 0.9970 . 4.0.0080  -0.0639  0.6210
152 252 YES 3 3 0.8463 0.8918 40,0080 04T 0.4940
153 253 YES 3 30.6230 0.9801 4 0.0019  -0.0887  1.0872
154 285 YES 3 3 0.8837 1,9000 40.0000  -0.8396  1.8435
155 255 KO UNGRPD 3 0.2091 0,8879 102 0 US 0,113
15 351 YES 3 3 0.3499 0.7787 P02 0.0031 -0.3713
(51 38 YES  UNGRPD 4 63026 0.6921 30.3079  -0.1972  -0.5854
158 389 YES 3 3 0.3050 0.9825 500021 -1.8197  0.0490
458 362 YES 3 3 0.3874 0.5871 5,008 -1.6918  1.2202
160 363 YES 3 3 0.5006 0.8966 €0.1030  -0.1028  -0.2252
1 % YES )3 3 0.5762 0.9989 50.0009  -1.8695  0.9567
152 365 YES  UNGRPD 4 0.8018 09943 ‘30.0052  -0.7524 -2.4396
163 366 YES 3 3 0.9773 0.9996 40.0006  -0.2085  1.3584
1 36 es ; L 4 0.7140 0.9989 300001 -, 0.3 -3.1504
165 368 YES 3 3 0.5047 0,881 40.0035  -0.2823  1.0M40
165 310 YES UNGRPD ¢ 0.6103 0.9987 30,0003  0.6759  -2.0086
© Mmoo 3 30.9753 0.8904" 40,0005  -0.8533  1.1087
e 32 YES 3 3 0.0595 1.0000 40,0000 01442 3.7900
159 913 YES 3 3 0.3008 0.9995 40,0000 1131 1.7762
170 314 YES  UNGRRD 30,6411 0.9807 $0.0103 00360  0.7241
m 35 ¥Es ‘ 40.5093 0.9993  ° 30.0005  -1.0163 -2.7931
2] 316 YES  UNGRPD 4 0.5956 0.6755 30.342 04468 -1.0561
GROUP O0DE 3 4 5 13 7 "
FBRCTIE 11 v WAIA WAIB LI UASSIOND

-1.5132
-0.0454
~0.4482
-1.0002
0.0760
-1.8817
~1.0012
~2.2338
0.1758
1.1234
-0.7200
6.0960
BPTY
-0.4067
~2.0338
-1.6530
-2.4714
-0.4340
-0. 1484
-0.9050
-1.3050

~.-1.9593
\\\

-6.9801
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APPENDIX IV

FINAL DISCRININANT ANALYSIS OF ARS POTTERY
FABRIC TYPES II1 & IV
CASE . SNP ACTUAL HIGHEST PROBABILITY 2ND HIBHEST

SEQNUN  NUN  SEL GROYP GROUP P{D/8) P(6/D)  GROUP P(8/D)
SAMPLES FROM LOCUS N 17 '

73 a1 YE ‘ 4 0.5467 0.9999 3 0.0007
176 378 YES UNGRPD 7 0.0000 1.0000 ¢ 0.0000
175 319 YES UNGRPD 7 0.0000 1.5000 4 0.0000
176 380 YES ' 4 0.8172 08083 3 0.0007
A1 38 N0 UNGRPD 40,7681 0.9595 3 0.0005
178 382 YES UNGRPD & 0.2430 0.6387 3 0.2856
179 383 YES  UNGRPD 3 0.9395 0.9981 4 0.0018
180 385 KO  UNGRPD 3 0.4648 0.9857 4 0.0183
181 386 YES 3 ,_ao.aasﬁ\\u.sssa 5 0.0001
182 361 YES : 4 0.9054 0.3836 3 0.0164
183 388 YES 4 4 0.4702 0.9990 30,0010
180 389 N0 UNGRPD - 5 0.7910 0.9999 3 0.0001
185 390 YES UNGRPD 3 0.0552 0.8566 4 0.3009
18 391 YES 3 30.3185 0,978 (5 0.0211
187 392 YES  UNGRPD § 0.4076 0.8813 4 0.0087
188 393 V3 ‘ ‘.a 0.6688 0.9969 3 0.0029
189 394 YES 4 4 0.8329 0.9989 3 0.0011
190 395 YES ¢ 409200 0.9978 3 0.0027
19t 395 YES 3 3 0.8101 0.995¢ 4 0.0032
192 398 YES 3 3 0.192¢ 1.0000 5 0.0000
flss 399 ves ’ 4 0.7573 0.9908 ¥ 0.0080

OISCRIMINANT
SCORES. ..
1.0590 ~ -2.1499
20.9065  -3,708%
23,0908 -2.1112
0.0514  -2.4245
-0.4164 -2.7278
1.4 -1.5679
-0.887T7  0.6410
-0.2888  0.685%8
-0.9352  1.2948
0.1433  -1.6443
1.0083 -1.9858
-2.5981  -1.5330
-0.0059 -1.2653
-2.0238  0.4760
-2.9664 -2.1058
-1.033§  -2.5038
0.0097 -2.3184
-0.3813  -2.30M
-0.5193  0.3437
-0.2539  2.6837
-0.3954  -2.4505

GRUPCOE 3 4 5 77T n

FABRIC TYPE III Iv MAIA MAIB L UNASSIGNED

-2.4962
-4.8850
~1.5308
-2,2808
-2.0782
-0.0264
-0.1281
-1.6579
0.5161
-1.8049
=2.6715
3.1302
1.1070
0.7184
0.5217
-1,5088

~2.2546

-1.7620

0.4304

1.3966

-0.4404
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APPENDIX IV

* FINAL DISCRININANT ANALYSIS OF ARS POTTERY

FABRIC TYPES III & IV

CASE  SWP ACTUAL  HIGHEST PROBABILITY  ND HIGHEST DISCRIMINANT.
SEGNUM NUN SEL  GROUP  GROUP P(D/G) P(8/0)  GROUP P(G/0)  SCORES...
SANPLES OF ARS LANPS v
195 4T YES 1 7 0.0052 1.0000 £0.0000 12,5480 -1.2549
197 472 YES 3 3 0.0240 0.9919 50.0080  -0.1812 10311
198 415 YES' 1 7 0.2585 1.0000 30.0000  8.8415  1.3401
199 476 YES 1 7 0.6942 1.0000 40,0000  10.3281 02085
200 477 YES UNGRPD 3 03775 0.9982 40.0008  0.8528  0.8550
201 478 YES UNGRRD 3 0.1841 0,5754 40.4206  -0.6263 -1.0514
020 418 YES UNGRPD 3 0.0735 0,8765 500216 -0.8260  0.8719
0 4 ¥ 1 70.1803 1.0000 40.0000  7.1738  -0.1920
00 485 YES 1 7 0.0767 1.0000 40.0000 . 7T.0885 -1.1762
05 481 YES 3 3 0.1018 0.9988 50.0008  0.4300  0.5324
206 488 YES UNGRPD 3 0.0080 1.0000 §0.0000  1.4149  2.4784
207 489 YES 1 7 6.7912 1.0000 400000  9.8662 -0.5579
08 492 YES 3 3 0.5786 0.9999 40001 0.5929  2.0185
GOPCOE 3 4 5 1B 7 1
FBRICTYPE INI IV MIA WAIB L1 LNASSIGNED LN

T

2.4434
2.9150
0.27121
1.8778
0.93713
-0.22%4
2.4619
0.6842
0.2287
2.1165
2.3
2.0875

~0.2465

226



APPENDIX V ' 227
-

COARSE WARE CLASSIFICATION ANALYSIS. -

CASE  SWP ACTUAL HIGHEST PROBABILITY 2ND HIGHEST OISCRIMINANT

- SEQNUM__ NUM__ SEL___ GROUP GROUP P(D/6) P(8/D)____GROUP_P(8/D) SCORES...

KAMILCAR
CIAY
1 T WD UNGRPD 80 0.0001 1.0060 91 0.0000 -2.4852  -4.3407 2.92713  -2.1504
2 8§ NO UNGRPD 80 0.0004‘ 1.0000 81 0.0000 -5.2443  -3.7883 2.8W47 -1.8M3
3 9 NGO UNGRPD 80 0.0000 0.9984 = 91 0.0016 -1.7624  ~4.5601  3.35871  -2.0432
LA MALGA
CLAY .
4 25 NO  UNGRPD 92 0.0000 1.0000 93 0.0000 8.1713 -0.2478 -2.5983  2.8757
-] 27 NO UNGRPD 92 0.2604 0.9678 91 0.0289 41454 -0,7292 0.0636 -0.1128
& 29 KO UNGRPD 92 0.0000 1.0600 93 0.0000 9.0706 1.7206 -2.7088 3.3898
7 33 RO UNGRPD 92 0.0929 0.9993 91 0.0001 §.3235 -0.9325 -0.6997  2.3055
BYRSA )
CLAY ~
§ 32 NO  UNGBRPD 92 0.0000 0.9966 91 0.0034 5.1288 -0.5469 -4.2292  2.62M
g KL ] UNGRPD 80 0.0080 1.0000 81 0.0000 -8.07T00 -5.2272 1.2027 -2.170%8-
10 35 "NO  UNGRPD 0 0.0000 1.0000 81 0.0000 -§.5117 -5.3258  1.641%  ~1.8803
11 37 HO  UNGRPD 80 0.0000 1.0000 81 0.0000 -9.6897 -7.3854  3.3961  0.36T0
12 a0 N UNGRPD 80 0.0000 1.0000 91 0.0008 -4.40855 -8.0827 1.0851 -1.7872
13 41 NO  UNGRPD 80 0.0005 1.6000 81 0.0000 -5.5683 -4.0841 -0.2096 -1.5184
t4 42 NO  UNGRPD 80 0.0000 1.9000 91 0.0000 -5.9541 -7.1085  3.0952 ~-0.0804
15 43 N0 UNGRPD 80 0.0000 1.0000 81 0.0060 -6.4843  -6.2270 2.3530  -0.6868
GAMART
CIAY
16 45 NO  UNBRPD 80 0.0000 1.0000 91 0.0000 -5.2309 -6.0736  2.0841 ~1.1871
17 48 N0  UNRRPD 81 0.0804 0.9986 92 0.0014 1.0850  1.7632 -2.1921  1.1031
18 49 NO UNGRFD 92 0.0174 0.9987 81 0.0013 3.0789 1.0619 -2,5917 2.1299
. 1§ S0 NO  UNGRPD 81 0.1772 0.9990 92 0.0010 0.9054 1.5240  -1.703% 0.90814

GROUP CODE 80 B 9N 9 93

FABRIC CHIA I8 el LRI LwI
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APPENDIX V

COARSE WARE CLASSIFICATION ANALYSIS. .

2ND RIGHEST

CASE  SMP ACTUAL HIGHEST PROBABILITY DISCRIMINANT
| _SEQNUM__ NUM__ SEL____GROUP GROUP_P{D/8) P(G/D) ___6ROUP_P(6/D) SCORES. ..

NABEUL

CLAY . y
20 53 NO  UNGRPD 92 0.0072 0.5989 81 0.0011  2.9089  0.9206 -2.6720  2.8533
21 ' 54 NO  UNGRPD 80 0.0013 0.99% 1 0.0002 -2.173¢  -3.1684  0.30T4  -3.0116
22 55 NO  UNGRPD 80 0.0009 1.0000 81 0.0000  -6.5560 -2.1833  2.5758 -2.1048
23 56 ND  UNGRPD 80 0.0074 0.9967 81 0.0032 -1.7040 -3.5849  0.4833 -1.3022
24 57 N0 UNGRPD 91 0.0000 1.0000 92 0.0000  12.1905 -17.9826 -9.4032 -0.4966
25 58 KO UNGRPD 80 0.0028 1.0000 81 0.0000 -3.9229 -3.M413  2.2843 -2.0097
26 59 NO  UNGRPD 80 0.0288 0.5976 910.0018  ~1.6245 -3.1115  0.3903 -0.6530
21 60 N0  UNGRPD 80 0.3211 1.0000 81 0.0000 -5)6594  -1.0152  0.5528  0.4592
286 61 NO  UNSRPD 80 0.0003 1.0000 ~  810.0000  -4.8510 © -4.0388 -0.7118 -2.4358
B 62 M UGRPD 91 0.0006 0.958¢ 810.0010  -0.4773 -3.7676 -3.1042  0.931
30 63 NO  UNGRPD 80 0.0000 1.0000 81 0.0000 -8.6483 -1.8273  0.8788 -1.8814
3165 NO__ UNGRPD 80_0.0000_1,0000 81.0.0000 ___ -7.1045__ -4.3684 __ 0.3147__-1.030)

THUBURBO MAIUS -

CLAY '
32 75 NO  UNGRPD §2 0.0004 0.7588 91 0.2343 3.0685 -0.3303 -3.06487  1.2008
33 16 NO  UNGRPD 92 0.0030 0.848% 81 0.1166 2.3587  0.0425 -2.8539  1.4502
3 7T KO  UNGRPD 92 0.0378 0.9033 81 0.0801 2.5057  2.4056 -1.0600  0.8278
3 718 NO  UNGRPD 92 0.0462 0.8874 93 0.1085 3.1082  2.731%  -0.9747  0.6100
36____79__NO___ UNGRPD 92'0.0099 0.7109 81.0.2613 2.4959  2.6349__ -1.5866___ 0.6842

GO COE 80 81 82 9 .
FARIC  ONIA CHIB UPI ULPII LRI

2



APPENDIX ¥V

COARSE MARE CLASSIFICATION ANALYSIS. .

DISCRININANT

CASE WP ACTUAL  MIGHEST.PROBABILITY  2KD HIGHESY
SEQNUM__ NUM__ SEL __ GROUP GROUP P(D/G) P(6/D)___ GROUP P{0/D) ____ SCORES...
KILN GROUP: CRM T AND II
5¢ 402 YES 81 . 81 0,9505 0.9996 80 0.0002 -3z 1000
55 403 YES 80 80 0.9713 0.9975 81 0.0025 -3.8204 -0.4260
56 404 MO puenpo « 40 0.0068 0.9943 81 0.0057  -5.6238  0.7911
51 405 YES - 81 81 0.7717 0.9990 80 0.0010  -2.0648  1.5347
"58 406 YES B0 . 80 0.1502-0.7544 81 0.2456  -3.3303  -0.2705
59 407 YES 81 81 0.7517 1.0000 80 0.0000  -1.2065  2.3501
60 408 VES 81 81 0.6270 0.9937 80 0.0063  -2.7270  1.8168
61 409 YES )| 81 §.6161 1.0000 80.0.0000 -0.0660 ],531‘
62 410 YES ]| 81 0.9620 0.9593 80 0.0007 -1.636% 1.5033
63 411 YES 81 81 0.4067 1.0000 80 0.0000  -0.7066 2,135
6 412 YES 81 B1 0.9412 0.9917 800.0083  -1.2857  1.2985
65 #13 YES 80 80 0.3970 0.5995 81 0.0005 ‘ -3.9101  -0.6108
66 414 YES 80 80 0.4873 0.5538 81 0.4462 -2.2984 0.3147
§1 415 YES 80 80 0.5635 0.9993 810.0007  -2.8262 -0.2142
88 416 VES 80 80 0.4332 1.0000 81 0.0000  -4.6174  -0.93589
68 417 YES 80 80 0.9740 0.99%4 §10.0006  -3.366 -1.214
70 413 YES UNGRPD 0 0.5177 0.9969 810.0031  -4.0887 -0.5868
419 YES 8 81 0.1065 0:9666 80 0.0334  -1.2441  0.8760
12 40 YES 81 81 0.4987 0.9878 80 0.0122  ~1.0885  0.8321
13421 YES B 81 0.0086 0.9756 80 0.0244  -2.0284  2.5121
42 YES . 0 81 0.0275 0.9285 92 0.0484  0.7201 -D.4803

GROUPCOE B0 - 81 9 52 L

FBRIC OWIA CWIB UPT LRI LW I

~1.9458

0.2386

-0.9243

SRE

-1.5508
-2.2962
-1,5380
-1.9111
-1.8826
-1.5585
-0.4249
0.7815
=0.1490
2.3543
2.4an
0.5870
-0.3088
-0.0676
-0.4954
0.6640

-0.1936

229

0.2518
0.3316 '
-2, 2974
0.6641
-1.03%
-0.0964
-0.7128‘
-0.5448
¢. 1291
-1.7220
0.3998
-0.2MmMm
-0.0533
0.2902
-0.2830
0.0324
1.3125
2.4612
1.5300
-2.8384

1.1075



1. COARSE WARE CLASSIFICATION ANALYSIS. !

APPENDIX V

DISCRIIIN%NT

CASE = Swp ACTUAL HIGHEST PROBABILITY D HIGHEST

SEQNUM___NUm__ SEL___ GROUP - BROUP_P(D/G) P(8/D)____8ROUP P(8/D) SCORES, ..

KILN GROUP: CRW I AND II .
15 423 YES 81 61 0.7259 0.9839 Bq 0.0161 -1.2612  1.0664
16 424 N0 UNGRPD 80 0.0000 1.0000 81 0.0000 -8.6835 -3.7864
T 426 YES 80 80 0.52256 1.0000 81 0.0000 -4.6907 -i.1313
1 4 YES 80 80 0.6584 04,7932 81 0.2068 -2.8721  0.3M8
19 428 YES 80 60 0.6928 1.0000 81 0.0000 -3.8570 -0.9448
8¢ 429 YES 80 80 0.5112 0.9988 81 0.0012 -2.3970 -0.4859
81 430 YES 80 80 0.8424 0.9995 81 0.0005 -4.2116  ~0.2451
82 43t YES 80 80 ¢.4011 1.0000 81 0.0000 -5.3811  -1.3354
83 433 YES 80 80 0.5631 0.9915 81 0.0085 -2.8041 -0.6160
GROUP CODE 80 81 92 ' %
FABRIC WIA CWIB W] eIl UPIN

-0.2985
1.7348
0.1497

~0.19%6
2.0100
2.1285
0.7254
1.2400

0.5819

230

1.0214
-1.3803
-0.5674
-0.1418

0.7426
-0.2526
-0.93439

0.3523

1.4898



. COARSE WARE CLASSIFICATION ANALYSIS. « -

!

APPENDIX V

2D HIGHEST

CASE  SWP ACTUAL  HIGHEST PROBABILITY DISCRININANT

SEQNUM__ NUM__ SEL___ GROUP 6ROUP_P(D/8) P(6/D) ROUP P(B/D)_____ SCORES...

THIRD CENTURY LAMPS
84 434 YES 9 " 41 9.2105 1.0000 - 920.0000  3.0961 -5.9344
85 438 YES 92 9 s.qfsﬂs; 93 0.0047  S.7500  1.9140
86 435 YES 91 91 0.3?57,\14@_&0/- 92 0.0000  1.7254 ~3.6312
87 440 YES 93 93 0.8802~1.0000 92 0.0000  5.8235  3.01197
88 445 YES 92 92 0.1350 0.9998 81 0.0002  2.6028  0.8986
89 445 YES 92 92 0.1351 0.9028 0 OASTL LG -1.TI88
90 449 YES 91 91 0.7121 1.0000 92 0.0000  3.9130 -4.6516
91 451 YES 7] 92 0.9167 0.9931 93 0.0069  4.5169  1.0266
52 452 YES 9 93 0.8408 0.9760 92 0.0240  5.1636  2.1691
93 453 YES 9 * 81 0.8950 0.9999 92 0.0001 3.5805 ~2.9011
94 454 YES 9 ¥ 92 0.1220 0.9936 93 0.0004  6.2027  ©0.1018
95 455 YES 9 91 0.2633 0.9969 92 0.0031 4.6647  ~2.7564
96 458 YES UNGRPD 92 0.0045 0.8904 93 0.0036  4.1472  3.943
9 4B YES 92 L 92 0.7701 0.8991 93 0.0009  3.7633  1.363%
98 457 YES 9 91 0.3630 1.6008 62 0.0000  2.7471  -5.3207
99 463 YES 93 93 0.9464 0.9999 82 0.0001 45235 3.3912
100 467 YES CE) 193 0.9843 0.9992 92 0.0008  4.7352  2.4287

TP W 6§ @ 9 -~

HERIC  OIA O4I8 UPI UPIL LRI

-1.4580
1.0853
0.9101
0.9918

-0.7574

-0.0322

-1.0473
0.8628
0.3981

-0.6452
2.3975

-1.3144

-1.3050

-0.317%

-0.6585
1.17583

1.3665

S

231

~0.6269
1.8298
-1.4273
-2.4210
3.082
1.191
-0.3581
0.8699
~0.8836
-0.7389
1.6495
0.4293

2.3002

1.4035

-1,7195

-1.5040

-1.6732
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Samples from

AFRTGAN RED SLIP

APPENDIX VI
COMPOSITION OF POTTERY SAMPLES

Loci 1F32 to 36

ORG FIN .

SMP FB GRP__GRP Si* Al* cax* Fe* Mog* Na* Ti* Mnt+ Cr+ PCTOT ILOSS RAT

T8
126 5 43 # 56.8 18.8 .12 4.63 1.24 .038 1.11 118 224 83,32 .47 3.0
127 5 43 49 62.4 16.4 12 3.70 1.117 018 1.09 30 114 B85.46 .43 3.8
128 5 43 # 59.3 17.7 .82 4.07 1.06 .024 1.15 ND 162 83.96 .48 3.4
129 5 43 93 66:0 18.0 .13 3.81 .94 211 1.14 13 184 90,19 . .29 3.7
130 5 43 # 63.3 18.5 . .61 4,30 }1.09 060 1,14 ND 149 88.94 .51 3.4
132 5 43 # 67.1 23.8 .62 5.33 1.29 .080 1.30 85 157 99.58 .55 2.8
133 5 43 % 62.0 19.3 .58 4.19 .92 .078 1.15 194 123 88.23 .51 3.2
134 5 43 # 60.4 19.6 .62 4.20 .87 053 1.21 235 150 86.96 .38 3.1
135 5 43 # 55.4 19.1 35 5,06 1.14 176 1.18 200 197 82.37 .88 2.9
136 5 43 # 57.0 18.3 .15 4,14 .91 .095 1.16 46 ii2 82.27 .97 3.1
138 5 41 43 57.6 20.5 .51 5.84 1.50 076 1.29 523 166 87.30 .56 2.8
139 5 42 43 64.2 18.7 .15 4.28 1.08 .049 1.15 40 186 90.24 .64 3.4
140 5 43 # 54.7 18.0 .70 5.60 1.581 .146 1.15 451 205 82.75 .52 2.9
141 5 43 # 62.9 19.4 .75 5.14 1.25 043 1.10 117 176  90.54 .57 3.2
142 4 60.1 20.1 .66 6.89 1.34 042 1.14 48 179 90.29 .48 3.0
143 5 42 43 56.6 20.7 14 6.03 1.61 111 1.17 338 166 86.97 .57 2.7
144 5 42 43 54.1 19.5 V10 5.32 1.46 106 1.15 277 182 82.28 .66 2.8

* % Wt. of oxide. + ppm oxide. PCTOT = Total wt %. LOSS = %XLoss on ignition.

FB: 5 = Pottery. 4 = Slip. 0 = Other : RAT = Ratio of silica to alumina

ORG GRP = ORIGINAL FABRIC ASSIGNMENT. 41 = FABRIC N I 42 = FABRIC N II

FIN GRP = FINAL FABRIC ASSIGNMENT 43 = FABRIC N ITI 49 = FABRIC N IX

( # = UNCHANGED)

ND = NONE DETECTED

99 = UNASSIGNED
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APPENDIX VI.

Samples fram Loci 1F32 to 36 APPENDIX VI.
ORG FIN
SMP FB GRP__GRP Si* Al* Ca* Fe* Ma* Na* Ti* Mn+ Cr+ PCTOT LOSS RAT
~ s

145 5 41 # 55.9 18.7 2.02 4,28 1.61 .169 1,04 147 189 83.73 .83 3.0
146 5 43 “# 63.7 20.0 .88 4.37 1.06 .049 1.08 118 195 91.06 .14 3.2
147 4 68.8 21.5 .93 5.46 1.09. .038 1.08 67 154 98.83 2.48 3.2
148 5 42 99 66.4 17.6 1.97 4.66 1.27 .185 wp.um 123 229 93.23 .42 3.8
150 5 42 43 65.4 18.5 1.46 4.54 1,13 029 'i.11 22 150 91,97 ¥ 3.6
151 5 43 # 58.5 i8.0 .69 4.73 1.14 066 1.06 138 198 84.22 .66 3.2
152 5 42 43 5B.4 19.6 .58 4.94 1.26 .133 1.15 54 222 86.08 .53 3.0
1563 5 43 # 64.2 i8.5 .83 4.63 1.20 .io6 1.13 157 150 90.65 42 3.5
185 5 43 41 59.0 21.0 .59 5.84 1.686 .232 1.13 464 166 89.46 .56 2.8
157 5 43 # 64.4 19.4 .58 4.20 1.14 074 1.18 338 171 90.96 .65 3.3
158 .5 41 99 £58.0 19.2 .96 5.91 1.186 .396  1.07 166 219 86.68 2.71 3.0
159 5 43 # 62.6 17.4 .86 4.02 1.03 .0687 1.03 216 158 87.01 .57 3.6
160 4 65.1 19.6 1.04 5.15 1.33 .067 1.04 142 253 93.38 3.72 3.3
161 5 43 # 65.3 18.0 1.20 4.09 1.15 097 1.02 200 187 380.86 .65 3.6
162 5 43 99 65.5 17.2 { .86 4.77 1.59 .234 1.03 538 198 91.17 .68 3.8
163 5 43 # 63.0 17.1 1.01 3.88 1.14 064 1.00 12 195 87.21 .70 3.7
164 5 42 99 60.5 16.2 .18 5.26 1.44 .311 .91 216 182 85.33 1.07 3.7
167 5 49 43 64.7 16.8 .82 4.03 1.14 .045 1.04 226 166 88.59 .49 3.8
168 5 49 43 60.7 17.8 1.38- 4.66 1.20 .045 1,03 16 179 86.75 .98 3.4
169 5 49 43 586.1 18.4 .93 4.42 1.15 .084 1.11 150 211 82.18 .63 3.0
170 5 48 # 60.1 17.7 .83 4,35 1.24 .071 1.00 202 ND 85,22 .61 3.4
171 5 49 # 62.4 15,9 3.25 3.79 1.03 .063 1.08 179 189 87.50 1.70 3.9
172 5 49 43 59.9 18.3 1.06 4.12 1.23 .08 1.21 29 210 85.87 .61 3.3
178 5 43 99 64.9 17.1 1.23 4.12 1.17 L2000 1.19 186 189 £89.93 .10 3.8
176 5 43 58.8 19.2 .12 4.61 1,20 046 1.21 330 262 85.78 W11 3.1

* % Wt. of oxide. + ppm oxide. PCTOT = Total wt ¥. LOSS = %Loss on ignition.

FB: 5 = Pottery. 4 = Slip. 0 = Other RAT = Ratio of silica to alumina

ORG GRP = ORIGINAL FABRIC ASSIGNMENT. 41 = FABRIC N I 42 = FABRIC N II

FIN GRP = FINAL FABRIC ASSTGNMENT 43 = FABRIC N III 49 = FABRIC N IX

. ( # = UNCHANGED) = 99 = UNASSIGNED

HD = NONE DETECTED T

S
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SAMPLES FROM LOCUS 1M 7 APPENDIX VI,
. ORG FIN '
.WE@ FB GRP GRP Si* Al* car

234

3
:
g

Mg* Na* - Ti* Mnt Cr+ PCTOT

s

-

179 5 53 99 60.27 15.99 1.07 5.29 2.025 . 245 .965 227 237 85.86 .59 3.8

181 o 53 63 65.52 15.89 .61 3.93 1.180 217 1.147 43 224 88.50 A2 4.1

; 182- &5 54 §3 62.68 16.65 .59  4.33 1.3863 .298. 1.097 222 240 87,01 .18 3.8
rHV 3 5 54 # 60.27 14.42 1.86 5.08 1.53% 426 .987 322 216 84.58- .77 4.2
{7184 4 61.95 15.54 1.66 5.78 1.414 .228 .994 266 210 87.57 .91 4.0
i85 5 53  # 56.07 16.78 1.23 3.61 1.872 .325 1.047 302 277 80.94 .86 3.3
186 4 5670 18.56 2.62 6.27 1,871 - .412 1.334 306 298. 87.77 1.18 3.1

1 5 54 53 62.79 17.03 .66 4.80 1.373 .£08  1.111 165 203 88.17 .42 3.7

188 5 54... 64 €66.78 16.16 1.33 5.63 1.595 .350 .954 190 163 92.86 .35 4.1
189 5 54 # €60.06 17.52 1.30 4.14 1.092 .140 1.222 616 194 85.48 .16 3.4

191 5 wwl[lmw 59.11 17.84 1.02 4.77 1.253 .3256 1,121 442 114 85.45 .45 3.3

183 b §9.30 18.24 .64 - "4.66 1.316 .291 1.226 222 166 85.68 42 3.3

194 5 54 # 61.32 14.91 2.02 5.11 1.436 . 262 .8S8 B26 136 85.95 .54 4.1

195 4 67.87 15.21 1.42 5.43 1.531 .258 .02 1051 125 92.63 .99 4.5
ige & &3 # 63.48 14.78 .90 3.54 1.081 .312 1.02%9 70 218 85.12 .35 4.3

197 5 54 53 6€6.25 17.50 1.26 3.43 1.044 .270 (1.124 42 218 90.8% .58 3.8

ig8 65 53 54 ©66.40 14.563 .75  4.65 1.071 - .241 .880 586 226 88.53 .32 4.6

189 5 &3 # 67.35 19.41 .83 4.38 .906 .287 1.197 2 195 94.34 .33 3.5
200 5 B3 €63 ©64.60 16.99 .83 3.63 1.009 L1583 1.176 162 162 88.38 .48 3.8

201 5 54 989 72.66 13.36 - 1.58 3.36 .863 .081 .855 368 93 92.87 .51 5.4
202 5 54 #7 64.47 13.06 1.06 4.26 .963  .347 971 512 178 85.13 .45 4.9

203 5 54 # 63.84 16.08 3.07 5.60 1.529 .291 .977 288 222 91.39 1.22 4.0

204 5 563 # 69.09 165.80 .72 4.41 1.384 412 1.040 253 158 93.86 .36 4.1

207 5 83 # 62.24 18.3%9 .91 5.01 1.333 .259 1,237 542 142 89.39 .34 3.4
210 65 53 64 61.80 15.33 1.87 5.78 1.519 . 356 .910 301 162 87.57 1.10 4.0

T 211.5 53 54 61.13 16.61 1.84 5.01 1.092 .262 .977 517 136 86.42 .42 3.7
212 4 62.41 18,52 1.38 6.09 1.220 .308 1,017 507 131 90.95 1.26 3.4

213 5 54 53 59.37 18.22 .72 5.18 . 1,433 .304 1.109 384 248 86.33 2.48 3.3
215 553 99 65.41 15.52 1.34 3.63 1.509 .214 .972 8 194 88.60 .16 4.2
216 5 54 64 63.38 15.37 1.28 6.06 1.647 .276 1.002 315 168 88.01 .60 4.1

. * % Wt., of axide. + ppm oxide. PCTOT = Total wt %. LOSS = XLoss on ignitlon. ND = NONE DETECTED.
FB: 5 = Pottery. 4 = Slip. O = Other RAT = Ratlo of silica to alumina
ORG GRP = ORIGINAL FABRIC ASSIGNMENT. 53 FABRIC M III 63 = FABRIC N III
FIN GRP = FINAL FABRTIC ASSIGNMENT 54 FABRICM IV 64 = FAERICN IV
{ # = UNCHANGED) 99 = UNASSIGNED

N
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‘Sammles fram Mahrine ’ APPENDIX VI.

ORG FIN :
SMP FB GRP__GRP ___Si* Al* Ca* Fe* Mor* Na* Ti* Mn+ Cr+ PCTOT LOSS  RAT
£ 226 5 30 99 66.6 16.3 .64 . 4.89 1.32 .189 1.05 130 130 90,99 .53 4,1
227 5 30 99 63.4 18.0 1.30 4,05 1.21 .081 1.15 64 195 89.22 .80 3.5
228 5 30 99 65.5 16.7 .83 4.87 1.58 .164 1.05 451 192 . 90.75 .43 3.9
299 5 30 99 63.8 16.1 .77 4.86 1.52 .241 1.03 299 141 88.36 .61 4.0
230 5 99 -99 79.5 7.0 3.15 4.55 .60 031 .50 376 102 95.37 5.16 11.2
231 -5 30 30 67.3 15.9 .93  5.18 1.57 .056 1.00 280 205 91,91 .31 4.2
232 5 30 30 65.5 15.6 1.07 4.52 1.37 .094 1.04 205 198 89.11 .41 4.2
233 5 30 99 65.2 15.5 .80 4.37 1.21  .122 1.04 170 194 88.25 .59 4.2
234 5 30 99 64.9 16.5 .80 4.62 1.48 .143 1.10 . 83 250 89.45 .37 3.9
235 5 30 99 68.3 16.1 .96 . 4.40 1.53 .106  1.04 574 144 92.49 .38 4.2
236 5 30 g9 63.6 19.9 .96 4.41 1.85, .213 1.34 688 248 92.29 .60 3.2
237 5 30 99 62.2 16.2 .93 4.73 1.32 .137 1.07 283 230 86.58 .82 3.8
238 § 30 99 69.5 17.3 - .98 4.77 1.43 .120 1.14 200 184 95.22 .70 4.0
239 5 30 99 68.7 16.6 .96 3.61 1.01 . .098 1.09 16 242 g2.05 .92 4.1
240 5 30 30 62.7 16.6 " .98 4.54  1.17 .052 1.13 173 275 87.18 1.39 3.8
241 5 30 3 64.0 12.2 1:01 4.23 1.17 .112 .99 162 222 83.65 .43 5.3
242 &5 mo. 3 60.5 14.4 .B62 4,20 1.17 109 1.04 173 221 82.03 .65 4.2
243 5 30 3 65.7 13.2 .80 5.24 1.30 .126 1.00 232 218 87.30 2.03 5.0
244 5 30 '3 62.8 12.7 .70 4.73 1.45 .115 1.02 219 224 83.50 .57 5.0
245-5 30 3 65.6 10.6 .90 3.85 1.14 .143 .99 226 232 83.19 .56 6.2
24¢ 5 30 3 60.6 ., 12.9 1.22 5.03 1.33 .465 1.04 117 211 82.53 .97 4.7
247\5 30 3 62.9 11.1 .50 4.69 1.24 .202 1.04 253 192 81.65 .68 5.7
248 5 30 30 68.7 14.1 1.02  4.21 1.13 .049 1.01 ND 245 90.15 .68 4.9
249 0 99 . 99 64.7 14.1 .82 3.95 1.20 .174 .98 110 254 85.90 1.10 4.6
* W Tit. of oxide. + ppm oxide. PCTOT = Total wt %. LOSS = %Loss on ignition.
FB: 5 = Pottery. 4 = Slip. 0 = Other RAT = Ratio of silica to alumina
ORG GRP = ORIGINAL FABRIC ASSIGNMENT. 53 = , FABRIC M III 63 = FABRIC N III
.. FIN GRP = FINAL FABRIC ASSIGNMENT 54 = FABRICM IV 64 = FABRICN IV
( # = UNCHANGED) 99 = UNASSIGNED 67 = FABRIC N VII
ND = NONE DETECTED 70 = FABRIC L I

LAY
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Samples from locus 1N 17 ’ APPENBIX VI.
ORG FIN .
SMP FB GRP GRP- Si* Al* Ca* Fe* Mg * Na* Ti* Mn+ Cr+ PCTQT LOSS
,wmo 5 64 # 65.1 14.4 1.68 4.94 1.45 .mpw Tmm_ 2 Hu@ 88.86 3.37
251 5 63 # 68.7 16.3 - .74 4,26 1.38 .321 1.06 136 147 92.74 .63
252 5 ©4 63 66.4 14.9 1.50 4,07 1.22 L206 1.056 160 102 89.31 1.04
263 5 B3 # 62.0 16.6 .85 4.00 1.32 256 1.06 32 141 86.12 .49
265 5 63 # 654.2 17.4 .14 4,19 1.12 197 1.17 - ND 147 88.91 .63
356 4 64 - 63 61.5 15.0 .88 4,26 1.13 .183 .99 176 86 84.04 .99
357 5 hd # 63.5 4.1 1.04 4.55 1.14 .336 1.01 126 96 85.65 .57
358 5 64 # 59.5 i3.2 .99 3.70 1.35 . 293 .89 ND " 104 79.91 .12
3589 5 &3 # 67.3- 13.9 .64 3.89 1.24 .132 1.02 214 112 88.09 .38
362 5 63 & 68.4 14.5 .70 3.84 1.13 208 1.14 ND 123 89.91 .40
363 bH 63 # 66.4 16.0 1,07 5,€1 .18 .294 1.00 227 152 90.48 50
364 H 63 . # 71.2 15.1 .54 3.99 1.07 115 1,07 112 106 93.09 .32
365 5 64 63 64.4 16.4 1.26 6.12 1.21 L2300 1.00 184 155 wo.mw‘» -
366 5 63 # 56.6 16.4 .80 4,00 1.19 249 1.12 120 152 80.37 .69
367 5 64 # 56.0 16.1 1.680 5.94 1.70 . .248 .96 339 144 82.55 .83
368 5 63 # 59.5 16.2 .32 4,27 1.21 .238 1.08 238 85 82.83 .34
370 5 b4 # 54.7 13.3 1.79 4.73 1.23 L2717 .88 293 104 76.98 .32
371 5 &3 # 62.9 13.9 1.20 3.11 1.11 .158 1.00 ND 133 83.28 .50
372 5 63 # 59.9 18.6 .69 3.53 1l.14 220 1.256 ND 141 B5.33 .29
373 5 63 99 61.3 17.1 2.18 3.89 1.20 174 1.12 5 133 87.05 1.47

)
}

Sy .

* ¥ Wt. of oxide. + ppm oxide. PCTOT = Total wt %. LOSS = %Loss on ignition.
5

_FB: 5 = Pottery. 4 = Slip. 0 = Other " RAT = Ratio of silica to alumina
ORG GRP = ORIGINAL FABRIC ASSIGNMENT. 53 = FABRIC M III 63 = FABRIC N III
FIN GRP = FINAL FABRIC ASSIGNMENT 54 = FABRIC M IV 64 = FABRIC N IV
. ( # = UNCHANGED) 89 = UNASSIGNED 67 = FABRIC N VII
* ND = NONE DETECTED
-~
; i
\
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Samples fram locus 1IN 17

ORG FIN ~

APPENDIX VI.

SMP-FB GRP _GRP Si* Al* - Ca* Ti* Mn+ Cr+ PCTOT 10SS
374 5 # 59.1 17.5 .51 4 1.24 1.08 429 128  84.29 .70 3.4
375 5 # 55.1 17.2 .66 5 1.83 1.01 466 138 81.98 .89 3.2
376 5 # 60.1 13.9 1.44 4 1.24 .97 330 112 g82.18 .94 4.3
377 5 # 54.6 18.0 .91 6 1.75 1.04 384 128 82.85 4.01 3.0
378 5 #  41.7 10.8 17.10 - 3 -1.68 .71 446 Bg 76.15 .65 3.8
379 5 # 55.9 13.4 19.12 4 -~ 1.67 1.00 608 86 96.37 9.96 4.2
380 & # ©64.9 15.5 1.34 5.29 1.56 .89 205 122 89.69 .85 4.2
381 4 # 61.3 14.6- 1.1%7 5.28 1.47 .89 198 131 85.03 2.23 4.2
382. 5 #. 62.4 i16.5 .77 5.54 1.46 1.017 216 i68 87.93 .51 3.8
383 5 # 57.4 16.2 50 4.28 1.15 1.08 174 176 80.89 .49 3.5
385 4 # 74.3 17.5 .62 5.07 1.17 1.08 62 67 99.96 2.42 4.2
386 5 # 72.1 i6.0 .59 4.16 1.15 1.11 112 123 95.29 .48 4.5
387 5 # 64.7 15.7 1.1 5.01 1.46 .92 232 133 89.22 .92 4.1
388 b5 64 52.8 17.9 1.44 5.88 1.73 1.03 299 138 81.01 .93 2.9
389 4 99 65.4 15.2 1.07 4.35 1.20 .98 112 346 88.34 .89 4.3
380 5 ‘54 - 68.8 15.6 1.68 4.75 1.39 .99 261 222 93.853 .30 4.4
2391 5 # 72.17 16.6 .34 4.66 1.217 1.12 130 139 96.83 .55 4.4
392 5 Q9 67.3 13.6 .21 5.33 1.16 1,02 333 118 88.73 A7 5.0
393 5 64 56.0 16.5 .43 5.87 1.61 1.01 . 318 152 81.70 .66 3.4
394 5 # 63.3 15.0 .34  5.67 1.45 .95 106 93 87.73 .62 4.2
335 5 # 63.4 16.5 1.01 5,73 1.49 .96, 158 149 89.42 1:00 3.8
396 5 # 67.0 13.8 1.09 3.82 1.05 1.01° 187 141 87.95 .86 4.9
398 5 # 5B.2 17.7 .86 4.23 1.11 1.31 334 146 83,65 1.07 3.3
399 5 # 57.9 14.9 1.52 5,80 1.498 1.03 381 138 82.73 1 3.9

X%

FB:

ORG

FIN

of oxide. + ppm oxide. PCTOT = Total wt %, LOSS = ¥Loss on ignition.
RAT = Ratio of silica
FABRIC N
FABRIC N IV
FABRIC N VII

Pottery. 4 = Slip. 0 = Other

= ORIGINAL FABRIC ASSIGNMENT.

= FINAL FABRIC ASSIGNMENT
( # = UNCHANGED)

ND = NONE DETECTED

i

FABRIC M IIT 63
FABRIC M IV 64 =

UNASSIGNED 67

to alumina

III
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Sampleés of ARS [amms. APPENDIX VI. .
ORG FIN

SMP FB GRP GRP Si* al* Ca* Fe* Mo Na* Ti* Mo+ Cr+ P®TOT LOSS RAT
471 & 170 52.4 14.4 .99 4.84 .73 .475 1.30 186 184 75.06 .37 /3
472 5 10 59.5 21.1 2.50 6.76 1749 .B10 1.74 189 171 93.74 .51 2.
475 5 170 62.6 18.2 1.17 5.74 1.57 1.270 1.19 933 141 91.75 .65 3.
476 5 10 53.0 20.0 .67 6.89 1.74 %.105 1.18 2602 184 89.63 .38 2,
477 5 170 71.7 17.8 .17 4.79 1.47 .367 1.14 426 162 98.00 .51 4,
478 5 170 68.0 15.1 .48 5.00 1.45 7301 1,03 373 114 91.32 .31 4.
479 5 10 71.7 13.9 .66 3.44 1.16 ;.318 1.02 286 184 98.14 .45 5,
482 5 10 73.4 16.6 6.40 5.03 1.26 . .3441.09 429 149 104.11 .62 4.
485 5 10 42.8 20.0 1.82 6.59 2.15 1,018 1.22 718 258 75.56  1.45 2.
487 5 10 62.2 19.3 .27 5.18 1.60 .420 1,22 491 254 90.18 .47 3.
488 5 170 69.9 16.3 .53 3.56 1,01 .316 1.12 966 - 182 92.69 .64 4.
489 5 170 61.3 16.9 3.89 5.63 .1.95 1.161 1.16 805 227 91.92 3.18 3.
432 5 170 66.4 19.8, .34 5,12 1.48 .321 1.27 288 106 94.74 .50 3.

£ % Wt. of oxide. + ppm oxide. PCTOT = Total wt %. LOSS = ¥Loss on ignition.

FB: 5 = Pottery. 4 = Slip. 0 = Other RAT = Ratio of silica to alumina

ORG GRP = ORIGINAL FABRIC ASSIGNMENT. 53 = ‘FABRIC M III 63 = FABRIC N III

FIN GRP = FINAL FABRIC ASSIGNMENT 54 = FABRICM IV 64 = FABRICN IV

( # = UNCHANGED) 99 = UNASSIGNED 67 = FABRIC N VII
ND = NONE 70 = FABRIC L 1~
|

-
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APPENDIX VII
FINAL GROUP MEANS
NMBER :
CASES  FABRIC ‘
Sit AW Caf Fe¥  M* N*  T* M8 OB
1 MRI 8.2 13.6  0.83 458 128 013 103 185 2
%96 FIII G605 188 0.91 45 115 0.088 143 M 18
1 FIX 869 187 202 428 .61 0.169 1.4 4T 188
§ MIII 627 6.8 100 3.87 1.42 0308 1.08 183 23
3 MIV 6.9 152 1.9 511 1.35 0.5 0.92 566 194
.7 NI 80 B2, 083 A 119 0.3 L0 128
W NIV 605 157 126 5.60 .55  0.285 0.9 264 137
2 NVII 8.8 1.t 189t 432 167 0.381 0.85 57 87
§ L -1 6.0 183 335 612 176 0995 1.9 2 195 -
CTOTAL 91 <
GROUP STANDARD DEVIATIONS
NMBER
CASES  FABRIC
Si* Al¥  Ca*  Fe*  MF  Ne* Ti* Wik Orf
1M MWRI 25 2.0 021 o044 014 0M7T 004 6 023
% FII 36 t4 0% 05 045 0.013 007 115 33
1 FIX INSUFICIENT DATA FOR STANDARD DEVIATION
5 MU 4.0 1.8 0.4 073 035 0.0% 0.0 28 33
3 MLV 25 0.8 1.5 047 024 005 005 268 5
23 NII 59 1.9 0.4 06 02 0083 011 153 2
WoONI &5 1.2 043 0.4 015 0088 005 13 2
2 ONVID 104 1.8 143 079 001 0.008 020 1M
6§ L ! 9.9 1.5 25 0.7 031 0330 0.05 269 45
AL 91 N
(* But. of oxide)
(4 pem cexida)
Y |
FINAL ARS FABRIC TYPE MEANS
GRIUP MEANS
NMBER
CASES FABRIC §* Al*  C*  Fe* Mgt Nt Ti* M@ Coh
13 TYPE I 63.0 114, 0.8 428 119 0081 192 193 88
2 TR 0.6 159 1.3 554 154 0.285 0.9 283 151
N M 6.2 13.6 0.6  4.58 120 0.43 1.03 M 226
§ LI (AS) 0.0 18.3 335 612 1.6 0995 118 T 190
SRUP STAKDARD OEVIATIORS
DEVIATINS <L/
8i Al Ca Fa M Na H M Cr
Dp TYPE 111 49 1.9 048 054 019 012 0.08 188 4
-2 TRED &1 14 054 043 021 0.085 0.05 164 35
n Ml 26 21 0.0 0.4 005 0.6 005 2R 023
§ L1 9.9 1.5 2.5 0.6 031 0330 0.06 263 45



APPENDIX VI, (CONT)

GRIUP MEANS FOR COARSE WARE (KILN GROUP) AND THIRD CENTURY LAMPS

GROUP Si*  A* G R Mp¥  Na¥  TiF Wt Crd

CH IA 86.0 1.7 1.8 4.4 208 0.626 0.77 592 W0

04 I8 5.6 121 185 432 1.8 0882 013 B 0TS

el 5.0 13,6 N6 T 175 0.654 0.0 783 143

Il 438 168 2200 5.5 .81 0508 098 87T 1M

W III 495 170 19.8 5.89  1.B4 1,259 M.01 1522 100

GRAUP STANDARD DEVIATIONS
N - :

WIA % 56 1.8 26 030 0.87 0.441 0.M 200 45

W 12 3.0 06 09 0.16 0.46 0595 0.03 482 89

I 7 88 5.0 48 111 0.3 0.4 006 N5 28

I 6 25 1.9 2.2 059 031 0.093 012 @@ 2R

w1l 4 65 24 1.2 0.3 0260 0.6 0.11 1281 2
* %61 OXIDE
# PPM OXIDE

;'(—"
/
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APPENDIX VIII
 COMPOSITION OF CLAY SAMPLES
CARTHAGE: HAMILCAR
P Si* AlX Ca* fo* Mg* Na* TI® 8 Cr ¥ PCTOT LOSS  RAT
1720 20 0 88 .21 L4 M WD ¥16 RS0 0.8 353
2 6.4 A4 1221 165 .59/ .18 .24 803 2 6153 9.39 157
3 685 5.2 1674 1.93 .68 “\.oas 2 Th 2 83 14T 13
488.8 1.6 .02 .M .16 0 .10 80 19 9152 0.40 §5.3
5 82.8 6.2 .16 266 .55 .01 4T 4137 56 92.75 1.85 13.4
§ 50.2 9.9 1.85 3.89 .69 156 .57 282 93 TLI0 2.4 6.0
7 66.4 155 1.71 6.10 1.50 116 .98 1050 168 G92.41 G.44 4.3
C8 7.5 1201 142 4.8 1.4 - .44 "84 1018 M9 .4 487 5.9
FO 65.3 16.5 1,04 540 1.60 203 .01 1210 195 92.93 5.4 40
CARTHAGE: CANADIAM SITE ,

9P S{* Al* (a* Fa® Mg* Na* Ti% Mg O PCTOT LOSS RAT
10 373 6.4 2.1 3.5 141 399 4 1215 67 T30 2431 5.8
C1 416 5.5 213 250 1.7 208 .36 1126 71 18.85 2.41 8.6
Fi2 315 6.9 5.0 3.2 1.5 423 .4 1218 15 7505 26.20 5.4
12 457 3.0 257 154 .18 084 U0 405 KD TLOY 2531 15.4
W 524 4.5 5.6 2.04 .52 .03 .45 30T 54 6565 15.80 115,
15 623 6.0 .61 214 .76 1525 .37 464 154 7368  2.48 104
5 79.4 5.8 8.08 262 .71 .02 40 491 6% ST.01 1.3 13.7
1705 3.1 136 144 65 08 .25 333 32 89.56 10.39 22.6
19 83.6 3.8 1.3 157 .47 .007 .21 240 18 101.88 6.30 23.6
19 5.6 3.5 323 155 .8 007 .19 253 35 8591 19.85 16.5
0 727 37 42 167 55 00T .30 289 35 8313 4.61 19.6
71 T 42 8.2 1.89 .66 .07 .28 315 37 9246 .50 18.2
N W2 59 .24 243 6T 0M .36 338 43 9191 2.63 13.8
23 645 4.8 58 179 45 1848 .21 u U WH 2.8 1337
% 3% 1.2 5.9 504 1.3 .0 .00 135 KD 95.59 38.21 313

.....................................................................................

SP = SAWPLE NMEER 1055 = LOSS ON IGNITICN (WF. PERCENT)
¥ 7. PERCENT OF ONIDE AT = RATIO OF SILICA TO ALUMINA

3 PARTS PER MILLION CF OXIDE PCTOT = SAMPLE NMBER

C = COARSE FRACTICN KD = NONE DETECTED

F ~ FINE FRACTION
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APPENDIX VIIE {cont)

CARTHAGE: LA MALGA
9P SI* A* Ca* Fe® Wg* Ka* Ti® W8 Cr¥ PCTOT LSS RAT
% 185 179 254 T.40 185 .02 .85 W5 187 1020 19.08 1.1
% %.0 B3 WY 692 1.8 .43 .90 AT AT W2 59 11
71 MBS 6.0 2.2 612 1.67 000 .88 1338 190 T8.67 2166 1.4
B 19.5 5.7 404 344 83 OW .25 5% 45 1007 3388 3.4
M5 1.6 20 T3 LB .92 .87 1918 A5 M50 19.30 2.5
‘30 %.9 5.4 256 .03 213 AB T2 5® 126 BLOL 10.81 2.4

/i .. CARTHAGE: OOLLINE D JUNGN

P SI* AlX Ca* Fo* W% Na* TE* g o8 FOTT LOSS AT
31 50.8 85 .26 379 .45 .12 506 462 68 6.9 2.60 6.0

CARTHAGE:: BYRSA
P, Si* AL® Ca* Fo* Mg* Ke* Ti* Wng Crg POTOT LOSS RAT
2782 188 .4 543 16 020 .83 101 100 10010 5.9 6.6
3Ry S48 360 L1 00 5% M9 80 9.9 0B 78
% 7 13 .30 5.60 2.83 .18 .88 1M 133 9978 5.60 5.3
B g W6 42 55 248 00 OB W 28 0.0 581 53
% D4 42 A1 14 1.5 O U5 1690 3 TA5! 660 4.9
1 §9.5 15.8 .13 T.66 3.6 1% 032 554 187 91.38 6.40 4.4
B 6.6 8.5 .08 406 147 004 5M 205 106 91.39 345 6.9
19 U5 7.8 5.0 2.7 149 .04 M2 480 77 100.90 258 44
0 472 1.6 336 5.08 2.2 .19 .05 Wl 133 7029 6.65 4.1
& B8 1.9 2 6.05 2.5 .60 .80 197 197 697 5.6 4.3
CA2 655 13.4 .26 5.63 244 .23 .85 123 216 88.25 5.5 4.9
Fa3 6.2 4.1 .30 6.05 252 .20 912 M2 182 68.34 5.52 4.5
& %9 219 165 007 M6 I 8 6.2 0B 41

w5 69
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APPBDIX VIEI (cont)
CARTHAGE: oART

9P Si% A* Ca* FoX Mg* Ma* Ti* i

RAT

Cr §_ROTOT LSS RAY
6400 130 B0 4% 165 5 623 162 125 655 A5 3
6 03 42 X5 45 00 a8 3 3 8256 18.50 10.2:
4 60.6 41 15.6 225 62 00T 8T %5 2 8.3 1.2 WI
B30 138 4.0 55 181 .3 M0 S 1M 8327 6.5 27
Cd9 380 0.2 0.0 4T5 L1 M1 M6 S0 07 T0.91 2485 2.9
F50 3.3 142 2.4 55T 200 LT 51 410 WD 8347 210 2.6
51165 3.7 46.0 126 110 084 .28 ND 3 6872 3B A
KABEUL: SITE A
9P Sit A* Car FoX M* Ma* Ti* B Ory BKCTOT L0
7.8 5.3 8.5 230 58 .08 A0 18 75 9101 831 140
5 6.3 1.6 941 6.20 201 1B 0 W0 12 %697 1.2 AJ
5684 157 T AT LT LSS BT W 133 10001 030 44
55 5.4 1657 8.9 648 2.8 028 802 28 155 Q.3 1.7 34
§ 5.8 .6 9.5 153 1.98 62 .80 % 15 9.9 11.08 3.8
57 65.4 180 6.40 6.3 243 148 .99 66 162 100.85 10.38 3.6
58-55.5 155 94 6.01 188 T SR U6 157 90.2 102 36
NABBIL: SITE B
9P _Si* MY Caf boX Mg Nax Ti*_h# O3 RCTOT LSS RAT
59613 0.8 104 3T 149 38 TR 10 16 8885 9.0 67
B 6.6 148 89 550 1.3 1.8 61 W 99 9.0 9.6 5.8
61 5.7 1.1 150 6.4 185 234 610 3B 105 9211 13.93 .
2 M2 13 198 69 .18 0B 18 N N TLIS 167 55.3
63 612 1.4 382 3.5 149 305 61 N 90 8.5 6.0 54
B 730 56 158 285 .85 3N 31 M 58 851 350 13.0
65 6.4 10.9 410 472 143 2% 681 107 18 8857 6.5 6.1
QLA .
9P Si* AT Ca* FeX Mg Me* Ti* Wb Cr# POIOT WS RAT
6 725 T 124 295 81 005 36 M0 T 7 10.90 95
61 723 T.41 891 308 .92 .00 L1 3 T BT 967 98
8 648 661 655 321 .99 0M 3% e 59 8250 T.67 9.8
69 G6.4 7.0 125 3.02°1.09 081 421 187 T4 90.95 1180 8.8
1 6.1, 6.05 15.0 244 102 .0M 39 W/ & 9005 11.31 10.8
7 ORS 665 167 280 182 .05 3 51T 90 0.4 1330 94
723 506 107 240 88 M6 .33 3 45 ALE8 GED 43
75 351 43T 149 42 00T B 59 19 7866 455 1.2
W M9 66T 66T 228 .75 54 M1 3 0 QA A 12
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APPNDIX VIIT (cont)
THEURO MAILS
9P SI* AX (a* Fa* g* Na* TH* ¥ O3 POTUT LSS RAT
B oM W1 29 655 206 L163 BAT M0 126 9.3 10.53 3.2
16 M WT B3 626 298 L1512 138 130 9142 1897 3.0
7|8 1.3 A0 484 168 .28 801 1200 % 80.97 23.90 2.9
C78 3.0 13.0 209 477 L5 34 817 1283 104 7038 4.8 2.8
F19 3.6 13.0 2.7 476 162 400 770 1084 84 7976 2.5 2.9
MAHRINE
P Si* ALX Ca* Fo* W* Na* Ti* Mn# Cr8 BCTOT LSS RAT
80 69.1 124 3.33 347 .67 007 695 218 1 6984 6.5 5.6
8t 0.2 13.3 275 3.8 8% .05 .82 22 1% 9.5 628 5.3
@ 5.6 170 B8.80 T.4 130 .03 .939 44 150 5.7 9.20 3.0
B3 B3.1 5.1 1.60 2177530 007 3% 25 43 9270 .24 164
B 7.9 9.0 165 345 .64 .00 615 M5 65 95.28 441 8.9
65 B34 T4 2 343 618 .12 M8 432 18§15 4.40 10.3
“CES 85.3 4.0 .70 248 641 00 B4 MUY 102 95 272 20.9
FOl 722 9.3 3.3 .92 .48 164 680 54 1M 6893 5.89 .7
8 2.1 91 0 .99 355 58 0B 58 43 T 4.8 4% 32
SIBI THABET
WP Si* AI* 3 Fe* Mgt Ka* Ti* hg OB PCTUT LSS RAT
89 47 1.5 33 365 .0 .05 486 1067 0 7070 .90 3.3
@ 283 9.0 28.5 409 9% .20 519 1295 85 7164 2053 3.9
/
//
CUED MEDJERDA
9P _Si* AF Caf Fo* Wp* Ma* TI* Wi OB FCTOT LSS RAT
91 485 60 176 4.90 157 1.08 .70 018 T 80.28 3.3 6.1
% %9 1B 1.6 52 L 3 I 1050 12 76.70 4108 2.6
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APPRNDIX VIII {cont)

UTICA
P Si* AI* Ca* Fo* M* Na* Ti* Ml COrd PCTOT LOSS RAT
93 468 2.9 20 1.6 511 M43 .20 398 19 T4T4 23.80 16.2
9 538 9.1 8.3 41D 1.6 535 643 508 90 8750 1%.68 6.9

TiDOIS
P Si* A* Ca* Fo* Mg* Na* Ti%* M3 Cr8 PCTOT EOSS RAT
85 393 9.1 40.0 403 1.4 00T 538 T4 65 8416 .62 4.3
9 4.0 12.5 373 4.7 (T3 00T 685 1098 110 99.98 24.80 3.5
97 41.3 10.6 31.5 4,19 1.68 .007 .55 1M 118 9585 5.4 3.9
9 #.1 11.0 46.0 3.51 2.7 007 486 1030 107 94.01 28.76 3.1
89 49.1 15.7 4.8 6.13 214 007 845 1183 176 98.75 0.3 3.1
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=X
o
FREQUENCIES: S§ OXIDE CONCENTRATION. CARTHAGE CLAYS.
: . COUNT  MIDPOINT ONE SYMBOL EQUALS APPROXIMATELY .20 OCCURRENCES
§1 0 13
. 1 17 x3xxx
x| 71  IEFEEKREEEIXAAL
2 25 FOGEEp
- 1 9 ¥
1 33 ¥
. 8 37 TR IIEAE R R KR KR KRR KRR XE
1 4] ¥
3 45 FETEEFERREXRERR
3 49 EXEXEREEXEEREESR
1 53 :
1 §1 *exx
- 1 §] FEFRIXITOEOKETEESRXAELLIL LT ERNEXE
1 §5 FRRERLEICERARRERREREREERRLAREILNERL
5 §0 SEOEEITEIIREATETEERELERRE
3 73 IXXERXATTLLRNAX
1 17 SEERERAXERRKIXREFERREXATELTANELTRNE
| §1 FRIEOEEEFLIRTRIILE
0 85 . .
2 T B9 FEEXEREXEX i
0 93
| PUE JUUTS PRUUE JUUDS ORI JUUUS PUTIE ST PITRE JUS
0 2 4 6 ] 0
HISTOGRAM FREQUENCY
MEAN 56.570 STD DEV 19.52 MINIMUM 16.464

MAXTMUH £8.6872

AT TP T ST T AL T

APPENDIX IX

FREQUENCIES: Si OXIDE CONCENTRATIONS. CLAYS FROM OTHER SITES. .

COUNT  KIDPOINT  ONE SYMBOL EQUALS APPROXIMATELY ‘ .20 OCCURRENCES

21.00 ®¥ixx
24.33 Re1xx
97.57 FEAXRRRREX
31.00

34,33 FRRxx
37.67 FEEERREAREAANNEXARELREREX

41.00 ¥¥exx
14,37 EXEXEXEETEXTEREK
aq.md FXEREEXEREERRERNK
51.00 *¥3%x
mn.ww XEEXXEEXRTERTER
LYY XEXEKERAXE
m_.cc fotedesstettissd
§4.33 EEEAXEEEEERERLEREILR
ma.mﬂ JePISssosesstessitisteestotedsy
71.00 AELXRERXEREEERRREXAAX
74,33 FREEEREEXAETLRELAXREN
17.617
81.00 *urex
mn.wm EAXXAAREEE
mq.mq iyt
| ST JUURS S S SRS JUUY PO IO P JPR
0 2 ) 6 8 10
HISTOSRAM FREQUENCY

— P e D P Pm ON Pa A PO G e fa) ) e U e O DN e

MEAN §7.139 STD DEV 16.672 MINIMUR 22.302
HAXIHUM 86.268
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FREQUENCIES. A1 OXIDE CC'ICENTRATIONS..CARTHAGE CLAYS.

COUNT  NIDPOINT

(=2 =]

]

— Ry

. .. . a
;Mmoo oun o

o —
OO e O DA WU R WD — O WD
.

.
Mo oo Wt ot O oo

— b ot b
CO T LN W RS O W —~1 o B —

-
=

. 18,8
21.0
22.5
2.0
28.5
21.0

XEAN §.288
MAXTMUM 23.266

ONE SYMBOL EQUALS APPROXIMATELY .40 OCCURREMCES

FEERERRX
EEEEEERRTEREE R AR EERLEKLR
AEFEEERRREEREIERREXELRELANESE
PEEREEERRLEREEEXEARERRS
EEXKEREE

AEEEXEEY

X .
LEREE

FEEEEERSARERELTERE i
TERXATREREKEE

TEXREEHS

EXR

H....+....~....+....H....+....H....+....m....+....H
0 { 8 12 16 20
HISTOSRAM FREQUENCY .

“ STD DEV 5.261 MINIFUM 1.153

APPENDIX IX

. MAXIMUK  18.031 .

ﬂVII/{.

FREQUENCIES: Al OXIDE CONCENTRATIONS. CLAYS FROM OTHER SITES.

COUNT  MIDPOINT  ONE SYMBOL EQUALS APPROXIMATELY .20 OCCURRENCES

. r

TXEESY

£33 58 )
fe33$242323

EREXEIALRREREER

EEEERXELARKERAK

FEEFREERRXEKETRARKRLLEKES

SEXEXREEETLREXX

EEFRAREREERRERERETRIRLRRENALLL

oy €0 ~1 ©0 U0 8= ) R — €D

11 FEEERERERKREECKRERRERRERAXXNEX :
17 EEEREREEREAARRE a
13 FEREKEREFERRLRERERES

14 FERLEEERIRERRRT

1§  EXKXXKKEXXRRNES

18 XEXREAEELE

17 X¥EEEEREE

1§ x¥x¥x

oo#mwwwhwmcmwmmwm—-o—-c
—
L=

UUT TUUUR SUTIE TUUTS GUUNE TURDS GUDOL RPPD P A
] 2 4 6 8 10
HISTOGRAM FREQUENCY

MEAN 10.034 STD DEY 4.108 HIRIMUM 1.342 -
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COUNT  MIDPOINT

NEAN
SAXINUM

—

LD et et h et D ek b B A RS ] D e O3 OO WD BRSO DY O

' APPENDIX IX

FREQUENCIES. Ca OXIDE CONCENTRATIGNS. CARTHAGE CLAYS.

ONE SYWBOL EQUALS APPROXIMATELY .40 OCCURRENCES
-3

) FRERKAAEEEIRARACEALKEAR AR AR L ERRRKERRREA

1  FREXEELKEERKE

§ XFExx ,
g EEEEEERR o,
12 FEEXETEXTLARLATLLAAL
15 BIreex
18 ¥sx
21 fiiiiies '
mn peiriedotesesdsiodd .
27 piiis] )
30 sExxE
33 paslsg - *
wm k%
19 *3xx
42
am $xx
4 xx :
51 *xx
64 X , .
1
. ) G SUNUS FUNIE SUUES FRDUE JUNUN SUNEE SUUNS SUURE JO0N8
0 4 8 12 16 20
HISTOGRAM FREQUENCY ;.
14.810 STD DEV 14.549 KINIMUM 016
54.032
I
A

COUNT

MEAN
HAXTKUM

O ik D ek AD OO e O e R s PO W RO W= B 0N O

FREQUENCIES: Ca OXIDE CONCENTRATIONS. CLAYS FROM OTHER SITES.

MIDPOINT  ONE SYMBOL E£QUALS APPROXIMATELY .20 OCCURRENCES

EREEFEERR S EEEE KR LR R R R R EA RS
SEERREREEEELERIXEXXARRRER

FEEEEEEEERERTERRLRAR :
FEERXEEEREESKRRRKERAK KA ERERRXAARRR
EEEREELERXLREEE

EEREEEXXEX

FEREKKKEEERRERR :
FEEEXEXERRERELR :
FELEREXXXRERRRRRRRAR

X%

TEEEXLRXRE

FEREX

€O 0N W = O D L3 — -
. . . - .
oo Lo o on oo

— o —

L
-—
o

23.5
26.0
8.5
3.0
33.5 FReex .

36.90 . .
0.5 HXEEETTEXX

41.0 xersx .

43.5
., AB.Q ¥EExx
48.5 .
| SR S SUUEE SRS P JUUUY PUTIE ORI SRS SRS |
0 2 -4 5 8 10
HISTOGRAM FREQUENCY

kd

=

13.720 STD DEY 11491 MINIMUN 104

£6.032
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-8 . APPENDIX IX
—" .
FREQUENCIES. Fe OXIDE CONCENTRATIONS. CARTHAGE CLAYS. FREQUENCIES: Fe OXIDE CONCENTRATIONS. CLAYS-FROM QTHER SITES.
COUNT  MIDPOINT ONE SYMBOL EQUALS APPROXIMATELY .40 QCCURRENCES ) COUNT  MIDPOINTY ONE SYMBOL EQUALS APPROXIMATELY .40 OCCURRENCES
0 -.50 . . 1 .50 ¥x
0 .25 1 1,25 ¥*2
i 4 oc TIIRREELES R 4 uoc IEXREEXRXE
16 1 .15 P s0sestsstees23033023 2235333322322 2224 7 2.75 EEEXEREXFEXRREERXE .-
m wmo f3T3335¢vs3so30tbires el - 1 M u mo f322tt11 s ¢de2322s23 222224 :
u 3. mm fisc0e52441 v m 4. mm b$2303e52034 14
u a.cc TEEXEXXEX . 8 mco 13559345233 335¢04022
m 4 .ﬂm jetiessesstes iy . 2 m . 15 p$2 ey
q m.mo fésestsderectioisdy q mmc }433343248333335344
a 6 .mm pesisetiesd 1 1. Mm XX -
¢ g uoa EELTEXTAEXEEE 0 moc
} 7.75 ¥*% 0 .75 .
0 8.50 1\\ 0 8.50 .
0 9,25 . b~ 10.25
0 10.00 . . N 0w 11,00 - . . .
0 10.75 : - .0 11.75 \
0 11.50 o 0 12.50 . 4
0 12.25 ‘ 0 13.25 : . .
0 13.00 . 0 14.00 _
1 13.75 ¥ 0 14.75% ‘
0 14.50 1 15.50 %
R FUURE SUUUS PUDTCJUDS PORE JUPPS SRR IR PO BRTRY _ | FUUEE TUUE FUUUE TUUUY FRRL JUURY PP JUUPS PO SRRNN
) 0 i 8 12 16 20 0 ! 8 12 16 20
HISTOGRAM FREQUENCY . . " HISTOGRAM FREQUENCY
MEAN 3.787 STD DEV 2.366 MIRIKUM -142 MEAN 4.289 Y STD OEV 2.204 HINIKUM .686
RAXINUH 13.468 . S RAXTHUM 15.274 \
iy
) / v
. ]
. . n..\ A
| . {



APPENDIX IX

™ .
ct FREQUENCIES. Mg OXIDE CONCENTRATION. CARTHAGE CLAYS. . FREQUENCIES: Mg OXIDE CONCENTRATIONS. CLAYS FROM OTHER SITES
A o
COUNT  MIOPOINT  ONE SYMBOL EQUALS APPROXIMATELY .40 OCCURRENCES kS COUNT  MIDPOINT  ONE SYMBOL EQUALS APPROXIMATELY .20 OCCURRENCES
2 15 nunV/ . : . -0 -.05 - .
0, .30 . ) 0 ._W\
4 45 XEEREEREX . 1 98” Fxeex .
. 12 B0 BEEREREEEREKKXERKAREEERRIXARER 2 AQ  FERRERXEXE .
1 75 FREEXEXTRREATIIARE 5 55 o RREEEEREREXRRREERRRAFRARL
T3 50 sEreErex 3 10 FEEXELERRAERERE .
2 1.05 *seex 7 5 BREEEXEEREERRREERXRTRREERERT AR TERK
5 1.20 FEERXBAXERIEK T 5 1.00 IEEEEEERXXEXREERFRXRRERES
2 1.35 ¥z ) \ 2 1,15  FREEERRRRE
i 1.50 FXEIEREERX ' . 2 1.30  FRAEERIXEE -
g 1.65 EEREXTERREIRE . Y 3 1.45 FREEREIEEDRRERRREREE
3 1.80 FRERERRR 3 1.60 HEERXEERXEERERE
¥ 1.95 ¥R - K 4 1,75 SERXREXEEEXIXEAXELLE
1 3.1 o . . 3 1.90  SEEERAEEXK
1 2.25 ¥« . 3 905 EEEEAERELTEXERX .
1 2.40 ¥ - 2 2.20 *erEELREG
Dot 2 255  ¥EKIx 1 2.35 xxxxx
A 0 2.70 < } |-f~.m\o\§ﬁn _ B
2 2.85 ik t 7765  *RE¥X
-0 3.00 . 0 2.80 -
1 3.15 - . 0 2.95 o
U VORI ST P SN SR SIS PR R PPN
. 4 g . 2 16 ‘ ‘ 0 2
HISTOGRAM FREQUENCY - HISTOGRAM FREQUENCY
MEAN 1.244 STD DeV . .18 HINIMUH 163 MEAN 1.270 STD DEV .608 MINIMUH A8 -
MAXTMUR 3.157 : ‘ | MAXTHUM 2114 ‘ ‘ _
. ~. . .

e e e e \



APPENDIX IX

FREQUENCIES: Na OXIDE CONCENTRATIONS. CARTHAGE CLAYS. FREQUENCIES: Na OXIDE. CLAYS FROM OTHER SITES
COUNT  MIDPOINT  ONE SYMBOL EQUALS APPROXIMATELY .50 OCCURRENCES < COUNT  MIDPOINT  ONE SYMSOL EQUALS APPROXIMATELY .40 OCCURRENCES

0 -1 . 18 ] [ 233052521233 332 stiiriassetitesistion oty

26 0 ﬂunuunn*«hnnunnnﬁnnn*npn«n*nnnh»»»*n«nnnfn* T A EEEEEERRELARANAREE

11 ] EERERREARERREREIRE 5 L0 EERXEERRENEER

7 V2 EXEXEEXXEREE ’ b .3 peiitttitittss sy

4 .3 FFEENSE ) 2 4 xxERx

5 L4 FERRRRERE 2 L5 ke

0 .5 1 bo¥xx

1 5 ** 0 A '

0 a 2 LB TEEEX

1 .8 ** 0 .9 ’

& .9 0 1.0

0 1.0 1 1.1 xx=

i 1.1 %= : 0 1.2

0 1.2 0 1.3

i 1.3 ¥ 0 1.4

0 id ) 2 1.5 ¥3¥xx

2 1.5 % ' 1 1.6 #xx

0 1.8 . 0 1.1

) 1.1 0 1.8

i 1.8 = 18 1.9 ¥rx

0 1.9 0 2.0

U TS FUUIT JUUNN FURIC SUPPS PR SRS PRVSS s | P TUUT PUDDE SIS SHUUE SN IS JUUE PE SRS
0 5 12 18 24 30 ) 0 4 8 12 18 20
HISTOGRAM FREQUENCY v HISTOSRAM FREQUENCY
AY

MEAN .250 ST0 DEY 410 MINIKUM .007 WEAN .39 STD DEV 468 MINIMUM .007
MAX TMUM - 1.848 HAXTMUM 1.918
. r



& APPENDIX IX b

=
uw
o~

FREQUENCIES: Ti OXIDE CONCENTRATIONS. CARTHAGE CLAYS. ’ FREQUENCIES: Ti OXIDE CONCENTRATIONS. CLAYS FROM OTHER SITES.

MIDPOINT  ONE SYHBOL EQUALS APPROXIMATELY .20 OCCURRENCES COUNT  MIDPOINT  ONE SYMBOL EQUALS APPROXIMATELY .20 OCCURRENCES
01 waeex : 1 11 ERREE
Q60 g ) ) B} 0 A5
L. .11 FEEREOEERE ' 0 2
b XERREERXEX ) JJ6  FEEREXERRE
§ 9] KEEEEERKEEERIEEEETRRKRREIIENE . : 2 3} TEREREAXEX
10 .26 febes 2322008203223ttt ot ? .36 ALXXREEERX
3 L] FEREEREEAXELRER 3 4] PEERETIREATERLXRXERRATLAXATNEL
. 5 36 FERERRKEERREEKEEXERRKERRERRRLL 1 4f  xrERx
) A1 sRrssrrea 5 51 EEERESKEELELTARIIXEREEAKE i
4 L4F  FEXRRIXEETXRAELLEIAL . 1 GG ¥EEEx !
3 5] EEERKEAXEXKEREEK 2 b1 XEErEEIR:
! .56 xs¥ER 7 BF  REEESESEREEEXEXXEREKKERXIRERRELERLEY
1 61 X¥Eex : _5 71 AERREEXERRERCEEREREERRAAE
0 .66 T g 16 ARERREsRRERRXRX
i S e 4 (B]  SRERRRIEILITLRTEEXLL
4 .16 pirriiiivitesietetiss 3 .86 pii et rtecetsisdy
2 81 FEERRRRERX 1 g1 saxs
§ B85  TRXIERAREEILEEEEREEE 3 -QF  FREXEERRLR
[} .9 EAXEEEXXRREEEAXANNES 1] 1.0
) LGF  FEEEEEKFERK 0 1.08
) 1.01  Ersesssx . 1 1.1 ®sexex
| SO FODNE PIOLETTTY PUTEL JUINN PR CTTTS PROUE JUU | P N NN ST e
0 2 { 6 8. 10. 0 2 §
HISTOGRAM FREQUENCY ) . HISTOGRAM FREQUENCY
. i
MEAN - A8l STD DEY . 285 KINTHUN .002 ~ HEAN © L6183 STD DEV 213 HINIMUM 19 °

MAXTKUM 1.012 MAXIMUM 1,102
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FREQUENCIES: Mn OXIDE CONCENTRATIONS. CARTHAGE CLAYS.

- COUNT  MIDPOINT
36
17
198
219
360
441
522
603
684
765
845
921

1088
1170
1251
1332
1413
1494
1575
1656

[T — N — R B B B — B — B B U - - - T I

§25.541
689,600

MEAN
MAXITHUM

1008

ONE SYMBOL EQUALS APPROXIMATELY .20 OCCURRENCES
FELEREERAX ’
FEEEELEAR AR ERCE AR T EE LA KA A KRR R RRL
TAREXEEELARELETRARL .

AL ERRKEREE SRR LR R XA AR AL LR R RELRR
LEERETEEE KRR A R AR A XS AR RS KRR RRTRES
AEERAESE RS EE AR R EA AR AA LR
FEEEREEREEEE LA E R XL RERN LRI REE ALK
REERELERRX
FEEEXEELLR
EXEEETRERE
£t e K
FKEEERTRLE
EEEX
RERTERRALR
kEx%T
FEARERERERARLEN
 SUUUTIRUN CURFSUUTS SUUUC SURN PUDIR JURE SRR SUUON |
0 2 4 ] 8 10
HISTOGRAM FREQUENCY
STC OEY 411.157 MINIMUM 1.600

APPENDIX IX

FREQUENCIES: MN OXIDE CONCENTRATIONS. CLAYS FROM OTHER SITES.

CCUNT  MIDPOINT
36
121
206
20
376
41
346
631
Ti6
801
B85
m
1056
1141
1226
131
1386
1481
1566
1651
1736

-

i — I — T — N = N L N N = T — T = B Y — T R Tt R

556.933
1769.600

MEAN )
.MAXIKUM

ONE SYMBOL EQUALS APPROXIMATELY .20 OCCURRENCES

EERXERTAREELEERRREERAERERLRELLRARRY
EEXIXRRREERIRRLRELRX
pitiiteiiidiiistietrecssy
EEXRKEXERELERES
IEREXEKERNERELARRRKERLRELTLRLN
TELERREREERTRLS

pestsveertai oty

REEXEREXEX
p2eet )

EXEEERERETERRTRNRRENELRLEXXLAN

xeExx
EXEEERRARKEAETXLXIRNNE
IEEEXTEXEE
b3 333
| G SUUES FUUIC JUDDS FUUEE SUU FUUPE SIS PR SO
0 2 4 6 8 10
HISTOGRAM FREQUENCY
STO DEV  463.209  NINIMUM 1.600
-



APPENDIX IX-

’ 0
[Ty] >
o FREQUENCIES: Cr OXIDE CONCENTRATION. CARTHAGE CLAYS. . FREQUENCIES: Cr OXIDE CONCENTRATIONS. CLAYS FROM OTHER SITES.
COUNT  MIDPOINT  ONE SYMBOL EQUALS APPROXIMATELY .40 OCCURRENCES. COUST  MIDPOINT  ONE SY¥BOL EQUALS APPROXIMATELY .20 OCCURRENCES
1 T fsositiiiststretestisiet ety 2 XkEXE »
- 21 EXEEXEEEEEEXRERRREXY 11
38 EXELEXEXREERIXX 20 EXEEREXEXE
A9 f3siaiesiid , 29 .
63 HEEx . 38 '
qﬂ EEEERXXEXER 41 FXXERKEXEXEELESLE
. Q] EREEEEEX 55 FEILXXATER
105 *xs3R08% §5 E¥EEx
ﬂ _ m , . ¥ ‘: p333033333¢¢a3iessesiendissoteteciesey

83 FXLERRAEREERERX
92 fitisteressstiss Rttty
101 FFEXLLXIERRRLES

133  EXEEREREFEREE
147 ¥rereses . .

—_ D = B e U O e ) U O W P g PO OO
P2 P D NS v e NG WL U WD — R WOD O RO —

, 161 %
175 110 FEEEXEEREARRERX
. 180 BEERRFRXRRERE . 119 SEEEEEEXKEFEEXR

203 128 FEEXEELRRETEERXERTRAERREEALLES

217 xRRER 137 sxxex

231 ¥xx 145 wsxxx

45 . . 155 EXEEREEXKE d

259 : - 164

m 113 FEERREEERR

287 *%* 182 EREXEERREE
| ST SUUTS DUUUE JUNEE DRNEE TR SR SRS SR S | I PR S PUIE SN PO S SR S SIS S |
0 4 8 12 16 20 . : : 0 2 4 b ] 10

HISTOGRAM FREQUEKCY HISTOGRAM FREQUENCY
NEAN 83.813 STD DEV_ 14,374 MINIMUM 1.600 MEAN 98.367 STD DEY 42.293 MINIHUN 1.50¢

MAXTMUN 292.800 MAXIHUM 182.400 :

TN AT IS T e e '



257

APFENDIX X.
DIRECT CURRENT PLASMA EMISSION PARAMETERS AND ACCURACY.

v TABIE X.3 ANALYSIS OF U.S.G.S. STANDARDS

 ELEMENT Si* Al* Ca* Fe* Mo+ Na* =~ Ti® Mn* O
STANDARD ¢
MGO-1 _
22.5 7.52  1.11 5.41 1.83 3.00 0.51 589 107
22.7 7.92 0.98  4.81 1.84 2.99  0.44 579 86
23.8 ' B8.58 1.13  4.91 2,03 3,13  0.39 617 120
23.5 8,26  1.11 4.97 1.93 3.21  0.51 633 148
24.5 8.35 1.03  4.82 1.86 3.08 0.35 609 a2
X 23.4 8.13 1.07 4.98 1.90 3.08 0.42 605 110
std Dev .5 .37 .13 .22 .17 .08 .08 19 22
REPORTED 23.9 8.71  0.986 4.88 1.89 2.90  0.45 1000 105
VALUE
QLO-1 -
30.7 8.90 2.22  2.89 0.627 3.15  0.25 605 £ 48
32.1 8.65 2.47 3.00 0.696 3.55  0.27 617 54
30.6 8.42 2.35  3.01 0.665  3.34  0.27 594 66
30.8 9.18 2.53 3.13 0.690 3.49  0.35 660 70
30.6 8.79 2.42 2.88  0.648 3.30  0.27 582 37
X 31.0 8.79 2.40 2.98 0.665 3.37 0.30 612 55
Std Dev .5 .36 .10 .09 .058 .14 .04 27 12
REPORTED  30.8 8.71 2.32  3.00 0.627 3.14  0.37 900 4
VALUE
-
sco-1 _
26.4 7.42 1.84 3.58 1.70 0.713 0.39 289 76
30.0 7.54 1.98  3.54 1.81 0.739 0.42 301 91
30.2 7.42 2.01 3.71 1.81 0.726 0.31 310 108
29.3 6.63 1.76  3.66 1.73 0.691 0.35 282 135
29.9 7.32  1.98  3.53 1.65 0.740 0.33 286 04
X 29.2 ' 171.21 1.01 3.60 1.74 .722  0.36 294 101
' Std Dev 1.3 .32 .10 .16 .06 .040 0.04 10 23
REPORTED 29.6 7.25  1.89  3.60 1.66 .705 . 0.37 500 71
VALUE :
* WT. PERCENT *# pPpM
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DIRECT CURRENT

TABLE X.2: WAVELENGTHS USED FOR DCP ANALYSIS

ELEMENT .

si

&

Ti

Cr

APPENDIX X.

A
PLASMA EMISSION PARAMETERS AND ACCURACY.

WAVELENGTH

(m).

288.

396

317.

289.

280.

-6B9.,

3317

257,

357

158

.156

933

940

270

592

.28C

610

.869

258



APPENDIX X. .
DIRECT CURRENT PLASMA EMISSION PARAMETERS AND ACCURACY.

L

TABLE X.3: DRILL CONTAMINATION CORRECTION FOR CHROMIUM

SAMPLE NO. CHROMINM INCREASE IN
(PPM) Cr CONCENTRATION
145 Drilled 136
145 Not Drilled 126 10
141 Drilled 135
141 Not Drilled 105 : 30
181 Drilled 171
181 Not Drilled 126 45
- 202 Drilled 124
202 Not Drilled 102 22
380 Drilled 124
380 Not Drilled 108 12

MEAN = 24
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APPENDIX XI.

. ESTIMATE OF STANDARD DEVIATION

. SUMMARY :

ELEMENT  Si* Al* Ca* Fe* Mg* Na* Ti% Mn*  Cr**
N ave.  28.4 8.76  1.08  3.46  .739 795  .568 279 99
(N = 84) |

s 1.33 33 .11 .12 .06 068 .05 25 23

(4.7%) (3.8%) (10.2%) (3.5%) (8.1%) {B8.6%) (8.8%) (9.0%) (23.4%)

ABUNDANCES OF PAIRED SAMPLES

USGS STANDARD MGO-1

ELEMENT Si* Al* Ca* . Fe* Mg* Na* Ti* Mn** Cr*#
REPLICATION
1 22.5 7.52 1.11 5.41 1.83 3.00 0.51 589 107
2 22.7 7.92 0.98 4.81 1.84 2.99 0.44 579 86
D+ .05 .16 A7 .31 .00 .00 .01 100 441
1 22.5 7.52 1.11 5.41 1.83 3.00 0.51 589 107
3 23.8 8.58 1.13 4,91 2.03 3.13 0.39 617 120
D 1.74 1.12 .000 .25 . .04 .02 .01 784 163
1 22,5 7.52 1.11 5.41 1.83 . 3.00 0:51 589 107
4 23.4 .8.26 1.11 4.97 1.93 3.21 0.51 633 148
D - LI17 .55 0 .19 .01 .04 ¢} 1936 1681
1 22.5 7.52 1.11 5.41 1.83 3.00 0.51 589 107
5 24.5 8.35 1.03 4,82 1.86 3.08 0.35 609 . o2
D 4.08 .69 .01 .35 .00 .01 .03 400 225
2 22.7 7.92 0.98 4,81 1.84 2.99 0.44 579 86
3 23.8 B8.58 1.13 4.91 2.03 3.13 0.39 617 120
D 1.19 44 .02 .01 .04 02 .00 1444 }156
T~

+ D

d? = (xl-—xz)2 _s__z = édz/ 2N ) WT %, **ppm



USGS STANDARD MGO-1

ELFMENT Si* Al*
REPLICATION
2 22.17 7.92
4 23.4 B.26
D .42 .12
2 22.7 7.92
5 24.5 B.35
D 3.20 .19
3 gS.B 8.58
4 23.4 8.26
D .19 .10
3 23.8 8.68
5 24.5 8.35
D .49 .05
4 23.4 8.26
5 24.5 8.35
D 1.30 01
USGS STANDARD SCO-1
ELEMENT Si* Al*
REPLICATION
i 26.4 7.42
2 30.0 7.54
D 12.5 01
1 26.4 7.42
3 30.2 7.42
D 14.14 0
1 26.4 7.42
4 29.3 6.63
D 8.41 .62
1 26.4 7.42
5 30.0 7.32
D 12.25 .01

Ca*

0
1

Caii-'

.98
A1
.02

.98
.03
.00

.13
.11
.00

.13
.03
.01

.11
.03
.01

.B4
.98
.02

.84
.01
.03

.84
.76
.01

.84
.98
.02

Fe*

4.81
4.97
.03

4.81
4.82
.00

4.91
4,97
.00

4,91
4.82
.01

4.97
4.82
.02

Fe*

3.58
3.54
.00

3.58
3.71
.02

3.58
3.66
.01

3.58
3.53
.00

m*

oy

.84
.93
.01

[=Y

(=

.84
.86
.0l

—

.03
.93
.01

[l

3]

.03
.86
.03

[

-

.93
.86
.01

[

m:ﬁ

[y

.70
.B1
.01

[y

[}

.10
.81
.01

[}

.10
.13
.001

o

1.70
1.85
.00

ﬁa*

[y ]

w

Na* -

0.
0.

Ti* Mn*
99  0.44 579
.21 0.51 633
.05 .01 2016
.99  0.44 579
.08. 0.35 609
.01 .01 900
.13 0.39 617
.21 0.51 633
.01 .01 256
.13 0.39 617
.08  0.35 609
.00 .00 64
.21 0.51 633
.08  0.35 609
.02 .03 576

T Mn*

b0
.713 .39 289
739 0.42 301
.0007 ‘.001 144
\ .

.713 _6.39 289
.7267 0.31 310
.0002 .006 441
.713  0.39 289
691  0.35 282
,0005  .002 49
713 0.39 289
740  0.33 286
,0007  .004 9

F:]

261

Cr**

86
148
3844

86
92
36

120
148
784

120
92
- 784

148
92
3136

Cr**r

76
o9
" 225

16
108

76
135
3481

16

94
324

-



-

_USGS STANDARD SCO-1 —~
ELEMENT Si* Al* Ca* Fe* Mg* Na*
REPLICATION .
2 ' 30.0 7.54  1.98  3.54  1.81 0.739
3 - 30.2 7.42 2,01  3.71  1.81 0.726
D .05 .01 .00 :03 0 .0002
2 30.0 7.54 1.98  3.54 1.8l 0.739
4 29.3 6.63 1.76  3.66  1.73 0.691
D .41 .83 .05 .01 .01 .0023
2 30.0 7.54 1.98  3.5¢  1.81 0.739
5 29.9 7.32 1.98  3.53  1.65 0.740
D .00 .05 0 .00 .03 .000
3 30.2 7.42 2,01 3.71  1.81 0.726
4 29.3 6.63 1.76  3.66  1.73 0.691
D 14 .62 .06 .00 .01 .0012
3 30.2 7.42 . 2.01 3.71  1.81 0.726
P 5 29.9 7.32 1.98  3.53  1.65 0.740
7 D .07 .01 .00 .03 .03 .0002
4 29.3 6.63 1.76 3.66  1.73 0.691
5 30.0 7.32  1.98  3.53  1.65 0.740
D . .36 .48 .05 .02 .01 .0024
USGS_STANDARD QLO-1 ‘
ELEMENT Si* Al* Ca* Fed  Mg* Na*
REPLICATION
1 30.7 8.90 2.22 2fge  0.627  3.15
2 32.1 8.65 2.47  3.00  0.696  3.55
D 2.16 .06 .06 .01 .0048  \160
1 30.7 8.90 2.22 2.89  0.627  3.15
3 30.6 - B8.42  2.35 01 0.665  3.34
D .01 .23 .02 .01 .0014  .036
1 30.7 8.90 2.22 2,89  0.627  3.15
4 30.8 9.18  2.53  3.13  0.620  3.49
D .03 .08 .10 .08 .004 .116
1 30.7 8.90 2.22  2.89  0.627  3.15
5 30.6 8.79  2.42  2.88 , 0.648  3.30

D .00 .01 .04 .00 .0004 .023

‘k‘k—ﬂ”
/

Ti% Mn*  Crpx*
0.42  .301 91
0.31 310 108

.012 81 289
0.42 301 91
0.35 282 135

005 361 1936
0.42 301 a1
0.33 286 94

.008 225-— -9
0.31 310 108
0.35 282 135

002 7184 7129
0.31 310 108
0.33 286 94

.00 576 196
0.35 282 135
0.33 286 94

.000 16 1681
Ti* m:h Crtk * T
0.25 605 48
0.27 617 54

.0004 144 36
0.25 605 48
0.27 594 66

.0004 121 324
0.25 605 48
0.35 660 70

.01 3025 484
0.25 605 48
0.27 582 37

.0004 529 121

262



USGS STANDARD QLO-1

ELEMENT. Si*

REPLICATION
2 32.1
3 30.6
D - 2.37
) 32.1
4 30.8
D 1.66
2 r/55.1
5 30.6
D 2.22
3 30.6
4 30.8
D .06
3 30.€
5 30.6
D .00
4 30.8
5 30.6
D .04
ELEMENT  Si*
SMp . NG.
128 (1) 28.7
(2) 27.9
D .69
129 {1) 30.0
(2) 32.8
D 7.57
134 (1) 28.5
(2) 29.0
D .25
140 (1) 24.8
(2) 27.3
D 6.66
141 (1) 30.7
(2) 21.8
D 9.18

B.65
8.42
.05

8.65:

9.18
.28

B8.65
8.79
ey

.42
.18
.58

10 @

.42
.79
.14

o o

9.18
8.79
.15

Al *

9.35
.02
.06

.95
.19

0 W,

10.582
10.22
.09

9.96
.06
9.89

10.65
.58

2.47
2.35
.01

2.47

2.53
.00

2.47
2.42
.00

2.35
2.53
.03

2.35
r2.42
.00

2.53
2.42.
.01

Ca*

.49
.53
,002

.07
.09
.000

.39
.39
.000

.43
44
.000

.44
.49
.003

3.13
2.88°
.06

Fe*

2.92
2.90
.000

2.60
2.83
.053

2.91
3.09
032

4.03
3.98
.001

3.67
3.67
.000

m*

* 0.696

0.665
. 0001

0.696
0.690
.0000

0.696
0.648
.0023

¢.665
0.690
.0006

" 0.665

0.648
.003

0.6%0
0.648
.0018

Mg+

B35
.638
.0000

.565
.5171
.0000

531
.519
L0001

.950
.875
.0058

.713
.I191
.0060

w W

Na*

3.55
3.34
.044

3.55
3.49
.004

.55 -
.30
063

w W

.34
.49
.023

w w

.34
.30
.002

3.49
3.30
.000

Na *

L0131

.024
.0000

»141
.161
.0004

042
.034
.0001

.106
.101
.0000

.030
.031
.0000

Ti*

C.27
0.27
0 .

0.27 -
0.35
.0064

0.35
0.27
0064

Ti*

.678
.701
.Q005

.684
.681
.0000

. 704
148
.0019

102
.673
.Q000

.659
.653
.0000

263

m*

617
594
529

611
660
1849

617
582
1225

594
660
4356

594
582
144

660
582
6084

Mn

o o0

10
25

149
145
16

238
326
7144

60

86

676
pr

Cr**

54
66
144

54

e

70 -

256

54
31
289

66
70
16

66
31
841

70
37
1089

*¥* Cr

113
89
576

73
157
7056

94
94

124
132
64

105
1158
100

*
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SmD.No

. 143
D

144

(1)
(2)

(1)
(2)

(1)

(2)

(1)

(2)

(1)
{2)

(1)

(2)

(1)
(2)

(1)

(2)

(1)
{3

> (2)

(3)

(1)
{2)

(1)

(2)

Si

. 29.2

24.5
21.81

23.7,
21.7
18.49

31.3
31.0
.06

27.4
28.2

.66 ~

6

&3\

31.0
.48 |

-

3172
30.0
1.10

27.1
3
4.84

27.1.
27.7
.Q0

27.17
28.1

97.7

v

28.1

"28.6
31.1
26.2

28.8

27.5
1.69

Al

11.36

10.58
.61

- 10.01

10.58
.32

9.54
9.80
.07

10.94
11.30
.13

9.93
10.58
.42

9.01
8.81
.04

9.82
.56
.07

10. 14
9.98
.03

10.14
10.36
.05

9.98
10.36
.14

8.8
8.94

.068

9.44
9.43
.00

.45
.46
.0C0

.44
c.44

©,000

.83
.97
.002

.38
.36
Neials)

.36
.36
. 000
.54
.48
.004

.59
.13
.002

.39
.42
.001

.39
47
.006

42 .
.47
©.003

.368
.375
.000

.669
.607
.004

-

Fe

4.47
4.14
.109

3.78

3.82
.002

3.38
3.10

.0718

.14
.19
.003

Tk

2.88

3.13
.063
2.96

2.82
020

2.91

2.9
.004

3.28
3.22
.004

3.28.
3.36

.006 -

3.22
3.36
.020

- 3.02

3,16
2012

3.36

. 3.46

.010

Mg Na
1.027 .075
.Q15 .080
,0123 .0000
.858 . .083
.897 .067 .
.0015 .0003
.635 .031
. 729 ..011
.0088 .0004 -
.968 . 159
1.039 .168
.00S0 L0001 -
.640 .  .056
.732 .048
.0085 .0064
.693 .038
4681 .026
.0001 .0001
.71@' .063
.763 .063
.0020 . 0000
.690 .050
122 .028,
.0010 .0005
©.690 .050
.T49) .02
.0035 .00
122 028
Y. 749 .022
.@007 0036
.794 .101
.847 .206
.0096 0110
.743 .222
R .241
.0005 © .0004

264

Ti Mn Cr
.706 190 93
.680 227 113
.0007 1369 400
.682 154 117
.680 187 111
.0000 1089 36
.633 23 75
677 5 110
.0019 " 32¢ 1225
659 279 121
.681 ° 295 85
.0005 256 1296
.693 202 103
.705 215 108
L0001 169 25
.810 118 104
.630 163 103
,0004 2025 1
.731 15 134
.725 20 . 188
,0000 25 2916
.706 211 178
726 198 128
.,.0004 169 2500
706 211 178
121 203 i?g
.0002 64 1
\)\_
726 198 128
.721 203 " 179
.0000 25 2601
.879 34 151
.664 20 126
<0002 - 196 625
.667 ° 287 36
.675 265 106
.0001 © 484 s 4900



LY

SMpP.No

193 (1)
(2)
D
193 (1)
(3)

193 (2)

(3)

(1)
(2)

197

211 (1)

(2)
26 (1)

(2)
D

226 1)

(3)
D

226 (2)
3
D°,

/249}(1)-

(2)
D

227 (1)
)
D
227 (2)
3)

228 (1)

(2)

.06

28.2
28.3

01

27.9
28.3

252
33.9

21.07

28.6
29.7

30.9
32.0

30.9
32.3

32.0
32.3

Al

9.47
9.36
.012

9.47
9.97
.250

9.36
9.97
.372

9.16
9.36
.040

8.59
B.95
.130

8.49
8.98
. 240

8.49
8.40
.G00

ok

B.40
.336

9.90
9.33
.323

9.90
9.32
.000

9.33
9.32
336 ¢

o]

.67
9.02
.123

.0156

_&iw

Ca e
.236 3.29
.310 3.13
.005 .026
.236  3.29
561 3.34

. .106 .003
.310 3.13
.561  3.34
.063 .044
.754  2.39
.811  2.52
.003 .017
.B98  3.56
,161  3.60
.019 .002
.288  3.47
.425  3.55
,0188  .006
.288  3.47
4717 3.48
.0355  .000
.425 . 3.55
.471  3.46
,0021  .0bs
.772  2.90
.867 2.88
L0090 © .000
.772 2.90
.837 2.75
.0008  .017
.867. 2.88
.837 2.15
,0042  .023
.459 3.41
.584  3.54

.017

Mg

.858
.815
.0018

.858
.706
.0231

.815
. 706
0113

. 598
.660
.0038

.642
.673
.0010

.1587
.769
.0001

. 15Y
.853
L0032

.169
.853
.0070

.744
.122
.0005

.744
.696
.0023

- .722

.696
.0007

.918

.982

.0041

&

Na
159
<261
.0104

.1589

-+ .205

.0021

.261

.205

.0031

205
.1178
.0007

.154
.202
.0023

.143
.123
. 0004
.143
.138
.0000

.123
.138
.0002

.093
.018

Ti

.652
. 684
.0010

. 652
.923
.0734

.684
.923
.0571

.693
.638
.0030

.563
.594
.0010

.626
.647
.0004

626
.619
.0000

. 647
.619
.0008

.707
.670

.OOO§§$ .0014

.093
.046
.0022

.107
L7118
.0001

.670
.716
.0021

iss
145
49

138
1i4
576

145
114

961

23
29
36

289
351
3844

15
88
169

75

80 °

225

g8
80
64

19
33.
196

19
63}
2401

33
68
1225

328
235
8649

265
cr

72
95
529

12
147
5625

95
147

. 2104

133
137
16

126
- 113
169

Vay



e

smp, No - 51
230 (1) 36.8
(2) 36.4
D .18
230 (1) 36.8
(3) 40.5
D 13.84
230 (1} 36.8
{4) 37.8
D 1.00
230 (2) 36.4
(3) (40.5
D 17.14
230 (2) 36.4
«{4) 37.8
D 1.96
230 (3) 40.5
(4) 37.8
D 7.51
231 (i) 31.9
2) 32.2
D .06
3
233 (1) 31.8
(2) 30.5
D 1.02
234 (1) 5 30.9
(2) 31.3
D - .15
235 (1) ' 32.6
(2) 32.4
D .04
238 (1) 34.6
(2) 31.5
D & 9.54
252 (1) 33.2
(2) 32.3
D .90
N ]

s

K

Ca Fe

3.73 - 2.034 3.06
3.71 1,990 2.99
.000 .0019  .005
3.73 2.034 3.06
3.65 2,052 3.05
.006 ,0003  .000
'3.73 - 2.034  3.06
3.89 .015  3.17
.026 .0142  .012
3.71 1.990 2.99
3.65 2,051 3.05
.004  .0037 .004
3.71-  1.990 2.99
. 3.89 1.915 3.17
T .032 .0056 .032
;_ »
3.65 2.051 3.05
3.89 1,915 3.17
.109 .0185  .014
8/23 .556  3.71
.61 .603  3.88
.144 .0022  .001
8.27 .569 3
8.13 .435«D'§fé§
.020 .0179  .Q06
8.75 1,475  3.23
8.73 531 3.22
.000 .0031  .000
8.56 .564 3.08
8.50 .629  3.19
T .004 .0042%  .012
9{b6 .690  3.59
8.48 .55  3.29
1.904 .0012  .0900

8.65 Aty 3.10
8.54 .542 > 2.98
012 .0267 .014

Vg :

Na Ti Mn
.322 .023 . .295 225
.317 .008 .292 260
.0000 .0002  .0000 1225
.322 .023  .205 225
.323 .009 .315 196
.0Qo0 L0002 .0004 841
.322 .023 .295 225
337 .045 .304 208
.0002 .0005  .0001 169
3
.317 ",008 .292 260
.323 .009 .315 196
.0000 L0000  .0005 4096
.317 .008 .292 260
.337 .045 .304 208
.0004 .0014  .0001 2704
.323 .009 .315 196
.337 .045 .304 208
.0003 .0018  .0001 144
.933 .068 .610 157
.961 .012 .582 194
.0008 .0031 -~ .0008 1369
.719 .069 .650 114
126 .102 .800 a7
.0001 .0011  .0025 289
.889 ,.080 662 53
.894 .123 .656 51
.0000 .0018_ .0204 4
.914 .060 .622 80
.9320 , .092 .625 139
.0003 L0010  .0000 3481
.876 .099 .693 112
.833 .071 .658 136
.0018 .0008  .0012 576
. N
.905 .218 .663 103
.163 .225 .607 63
.0202 .0001  .0031 1800
/\ ' -
-

I
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Cr

47
67
400

47
60
. 169

47
69
484

67
60
49

61
69

60
69
81

122
135
225

129
111
324

105
207
10404

a8
81
121

91
137
2116

89
89



~J

smp.ho

3&3 {1)

(2)
D

382 §1)
to(2)
D

386 (1)

(2)
p

386 (1)
{3)
D

386 (2)
(3)
D

f
3964 (1)

(2)
D

399 (1)

{2)
D

476 (1)

{2)
D

480 (1)
(2)

D

A

482 (1)
(2)

D

i

32.
32.

32.
32,

30.
33.

27.
27.

28.
27.

31.
28.
15.

35,
34.

9.12
9.01
.Ci2

'8.57
8.87
.090

8.55
8.92
.137

8.565
8.56
.000

8.92
B.56
.13

7.25
7.31
. 004

8.22
7.59
. 397

11.22
9.94
1.638

8.10
8.01
001

8.54
9.06
.270

o
™y
‘—._-;

Ca

1.
1,

.

.

[

.

[

[

[

=

=

.

1.

290
410

0144

455
513
0034

6390
880
0361

690
220
2209

880
220
436

694
574
0144

887
020
0177

.4

/-

/

as
0019

5.820

5.

930

.0100

.516
.3587
.025

Fe

2.79
2.76
.001

. -

3.85.

4.06
.044

3.80
3.84
.002

3.80
3.63
.029

3.84
3.63
" 044

2.717
2.68
- .008

4.03
3.97
.004

- 5.26

4.58"7
.102

4.21
4.34
.017

3.60
3.58
.000

1.

.7136 .
113 .
.0005 .

. 862
.B98
.0013

.987
977
.0001

.987
902
.0072 \

.977
902
.0056

.6486
.636
.0001

.B67
.925
.0034

108
.991
.0137

.356
.345 .
.OOOi\“- .

.803
.720
.0069

Na

132
116
0003

.148
.182
.0012

.219
.195
. 0006

.219
. 386
.0279

.195
. 386
.0365

.193
.176
.0003

.144
.162
.0003

.. 1176
.801
.00086

.479

455
Q006

.254
.233
.0004

Ti

.697
.643
.0029

.571
.613
.0018

.576
.5B83
.0000

.576
.532
.001%

.583
.532
L0026

.611
.595
.0Q03

.635
.604
.Q010

.7317

.678

.003
S5

.562
.555
.000

.651

.650

.000
#

5
5

126
143
289

84
83

84
75
81

a3
75
64

128
105
529

279
193
1396

1703
1550
23409

232
240
64

280
. 249
" 961
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Cr

g2
82

106
102
16

163
175
144

163
151
144

175
151
576

99
11
484

85
86

108
121
169

72
136
4096

79 -
105
676
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Smp.no Al Ca "Na Ti Mn. Cr
484 (1) 35.9 8.19 .458 3.46 .820 .228 .754 177 97
(2) 33.5 8.02 412 3.43 .953 . 206 .620 153 116
D I 5.81 .029 0021 001 01277 .0005 .0180 576 361
484 (1)' 35.9 8.19 .458 3.46 . 820 .228 . 154 177 o7
(3} 32.0 7.83 . 440 3.37 .783 .208 .620 141 113
D 15.60 .129 .0003 .008 ?0014 .0004 - .0180 1296 256
484 (1) 33.5 8.02 .412 3.43 .853 206 .620 153 116
(2) 32.0 7.83 .440 3.37 .783  .208  .620 141 113
D Py 2.37 .036 .0001 .0004 .0289 .Q00C .00 144 9
TOTAL 298.26 18.29 1.92 2.56 .H15 LT74 .389 108195 90446
b4 28.4 8.76 1.08 3.46 .739 .795 . 568 279 a9
(N=84) {
s ©1.33 .33 .11 .12 .06 .068 .05 25 23
(4.7%) (3.8%)  (10.2%) (3.5%) (8.1%) (8.6%) (8.8%) (9.0%) (23%)
A ‘\
v
\ -
o
" » ) /
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a7 - ' ' ABSTRACT

CHEMICAL ANALYSIS OF POTTERY AND CLAY FROM CARTHAGE ¢

PhrD.‘Thésis presented to the School of Graduate Studies, University of Ottawa
byJa.mes B. Gallagher. April 1, 1987, |
This study utilized Direct Current Emission Spectrometry to determine
elemental abundances for seven majordand two minor elements in ceramics and clay
minera%g\from the vic}n%ty of Carthage, Tunisia. The Roman potterv from
Carthage has not been studiéﬁ previously<§;;h laboratory techniques. The -
pottery samples inciuded wo groups of red-gloss table ware of the African Red
Slip variety, utilitarian péttery anéhzwo types of lamps. These objects Qere
recovered by archaeoloéical’éxcavations conducted in the Northern Sector of the
‘Roman cit;>bg a team under the dfrectorship of Professor C.M. Wells of the
University of Ottawa, Clay deposits were located by prospection at Carthage and
atfgther'sites in the region where potte?y manufactufe is attested.
The analysis establéshed that the table ware was made with siliceous

I'4

clays. This fact, considered in conjunction with certain physical

N

characteristics,. shows the pottery was made using technicques which were
signfiicantly different from tho;; emplioyed elsewhere by Roman craftgmen
manuﬁgcturing red-gloss potfery. Converéely, other ceramics from Carthage were
made from calcaféous clays. The significance of this difference implies thatl
marufacturing methods were, in some instances, introduced by craftsmen trained
in the Italic tradition. "

The possibility of using chemical composition to estab}ish the exact

provenience of mamifacture was also explored. Groups of African Red Slip and

—

™~



- to identify the potentialgsourcfes of the raw material used 'in-pot'ter.'y

lamps could be distinguished by comparing their ejemental abundances with
discriminant analysis, a nmltivarsl‘ate statistical technique. The ;oﬁiposition' of
tHe groups was then compared with the‘.data obtained from the local Fc-ilays .
manufacture, !_\lthough no definitive sources of manufacture could be identified
tl:le data establishes. a basis for further research. The analyses also identified
specific problems which ;nust be consideéred in designing future provenience

studies with North Africa pottery.
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