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A LYONS BRANCH OF THE POTTERY-MAKING FIRM OF ATEIUS OF AREZZO

F. WidemannT, Maurice Picon'r, Frank Asaro, H. V. Michel,
' and I. Perlman '
Lawrence Berkeley Laboratory
University of California
Berkeley, California 94720

November 1973

ABSTRACT

51 waster_sherds of Terra Sigillata (™ 20-0 B.C;i'fﬁom Arezzo, Italy and
Lyons, France'haQe been chemically analyzed for twenty—éight_elements by neutron
activation and seven by x-ray fluoreséence. Most of the elémental abundances were
measured with higﬁ-precision and cross comparisons of tﬁe.two techniques of measure-
ment (and sample preparation ) give added insight as to.their relative precision, the
calibration differences and the extent to which volatile materials such as carbonate
or water influence the results. The sherds from Arezzo formed a homogeneous and
distinctive chemical.group while all but two of those from Lyons were classified into
three such groubs.»_TWO of the Lyons groups (MML A and MML B) were from Montée de La
Muette and one was from Loyasse. Four additional sherds from houses excavated in
Strasbourg and one from Lyons, all of which bore the signature of the famous Arretine
nottery-making firm of Ateius, were also analyzed by the égme techniques. These signed
sherds all had the‘same composition pattern and it closélyfmétched one of those from
Montée de La Muette (MML A) in Lyons. It is therefore suggeéted that these 5 sherds
bearing the Ateius signature were made in the general vicinity of Lyons and were part of

the output of an as yet unknown Gallic branch of the firm of Ateius.

* .
Work performed under the auspices of the U. S. Atomic Energy Cormission.

+ - N -, "
‘On leave from Laboratoire de Spectrométrie Nucleaire, 91406, Orsay, France.
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Present address: Department of Archaeometry of the Institute of Archaeology
at the Hebrew University in Jerusalem. '
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I. INTRODUCTION

A. Romans and the Gallic Market of Ceramics

During the second and the first centuries B.C. large quantities of Italic
ceramics, mostly Campanian A and B with black glaze (Lamboglia, 1952) appeared on the
Gallic market. Shortly thereafter imitations of these wares were produced in Gallic

workshops, particularly those in the region of Vienne and Lyons in the Rhone Valley.

After the middle of,the first century B.C., a new élass of ceramics with
a red glazeT ("terra sigillata"), mostly signea, appeared- in Italy. This pottery
came predominantly from the workshops which were producing Campanian B, . (Goudineau, 1968)
especially those in Arezzo. These new ceramics were soon exported and met
~with considerable success. Again, this work was quickly imitated in Gaul, and some
of the imitations came from the workshops of Loyasse in Lyoné. These imitations,
however, were technically very different from their models. 1In particular, the
local potters could not obtain a red glaze comparable to that from the workshops
.of Arezzo, but only a poroﬁs one of low quality. These imitétors also distinguished
themselves by not signing most of their productions.

The sucéess of their red glazed products probably stiﬁulated the notters
of Arezzo to establish branches closer to the new_markets Which had been opened
by the Roman conquests in Gaul and on the Rhine. This interpretation is supported
by the existence of the large complex of workshops of La Montée de la Muette in
Lyéns, which did not produce imitations but, and apparently for the firsf time
in Gaul, red pottery which had all the characteristics of those from
Arezzo. Furthermore, out of the 14 fragments of moulds whicﬁ have been discovered

in La Muette, two show a distribution of major chemical elements which suggests

T . _
The word "glaze" is not strictly correct for this type of ceramic , however, we

use it here for lack of a-better word.

B4
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a provenience frOﬁ Arezzo (Picon et al., 1973). 1In additibﬁ,vthe major-element
distribution of 13 stamps found in La Muette also indiéateg'the same provenience.
Finally, the names (Lasfargues et al.) of many of the ﬁasters and slaves from the
pottery workshop$ of Arezzo are found among the signatureshqf pots unearthed in
La Muette. .

Among the létge firms of Arezzo, Ateius-held the attention of scholars
largely becausevof its proﬁinence in the market in Gaul and in the Germanic
frontier garrisgﬁs (Fiches, 1972; Lombard, 1971; Ettlinger, 1962); Because many
sherds with the Ateius signature had been found in Gauljaﬁé ﬁone in Arezzo, it
had been suggestédvby Ritterling and Oxé that these potterieg may have been
locally made. These arguments were revised after the discSVery of the Ateius
- workshop in’ArezzQ (Magtzke, 1959). The possibility still femains, however, that
some Ateius pottery was made in Gaul although.none has been found in excavations
of pottery workshops up to the present time.

Recently'ausystematic study (Picon et al., 1971) Was:made by x-ray
fluorescence analysis of the abundances of the major cheﬁicai elements of many
Italic ceramic imports found in Gaul. Six sherds bearing the Ateius signature
had chemical composition patterns or "fingerprints" whichlwere not only distinctly
different from that of pottery excavated in Arezzo; but were rather similar to
those of pottery excavated in workshops around Lyons. ”

Although this information pointed to Lyons rather ﬁﬁan Arezzo as the place
of manufacture of these vessels, it was thought that a morefaetailed examination

of chemical compositions might provide a surer basis for making a judgment.
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IT. EXPERIMENTAL TECHNIQUES

A. Trace Elements and Provenience Problems

Besides the major elements found in pottery there are many more which
occur only in minute traces, often in just a few parts-per-million (ppm). The
potential importance of these trace elements for determining provenience of
pottery by chemical fingerprinting lies in the breadth of éﬁemical properties
which -are included in such a large array of elementsl ‘Clays arise from the
weathering of certain rocks which might be quite similar in composition. Chemical
fractionations take place in forming the c;ays, and environmental conditions
will no doubt effect various elements differently. If one examines elements
which exhibit a diversity of chemical properties, therevwill be more chance for
detecting the consequences of subtle environmental differeﬁées between one place
and another. |

There are some obvious requirements for success in_using trace elements
for this purpose and two of these are interlinked. For a trace element to be
useful, it must not behave chaotically, that is, its distribution within a clay
source must be quite uniform. If pottery from one source showed a wide dispersion
in values for this element, it would have little use in diétinguishing one source
from another. In this regard, experience has shown that mény of the trace eleménts
are just as well behaved as the major constituents.

Closely connectedAwith the requirement that diagnostic elements have a
small vafiability within. a source is the necessity for measuring them with the
reguired accuracy-. Neutron Activation Analysis (NAA) is é technique which.
combines accuracy and sensitivity for a wide array of eiemehts. A considerable
number of elements present in clays can be measured to ah éccuracy of a few

percent or better, even though they are present in the parts-per-million range.
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It is the”practice in such fingerprinting to draw inferences from pottery
samples themselVés rather than to compare them with clays from the suspected
region of manufacture; In principle, it might be more génvincing to demonstrate
that a piece of pottery relates directly to a specific clay source but there are
problems in atteﬁpting to do such "absolute proveniencéf wofk. Firstly, it is
by no means easy to decide where the ancient pottersvdrewvﬁheir clays nor even
whether the depoéits still exist. 1In addition,.practicés émployed in pottery-
making can cause qhénges in chemical composition which would negate the opportunity
to relate pottery directly to the clay. Such changes could occur in the processes
of levigating clay, which removes coarse particles includihg some limestone;
tempering clay, whiéh int;oduces organic materials, rock'éyoaucts or old pottery
into the clay; and firing calcareous clays at different témpératures, which can
résult in large.fariations in the carbonate content. |

By analyéing pottery alone, one relies upon some cbﬁservativism by the
potters in the selection of their clays and in their refining and tempering
practices. (Some deductions of fhe uniformity of thesevéractices will appear

~in the discussions which follow.) With this supposition,'céfamics made by
particular potters will be uniform.

A group of pottery can be considered to be a suitable reference group
for locally made ware if it meets a couple of criteria: (1) It.belongs to the
region of excavation according to archaeological evidence. This is particularly
convincing if waster sherds are found in or about kiln a;eéé; (2) The éomposition
of the pottery is uniform. Often, a number of different étyies of pottery, which
belong to differént time periods, all show the same compqsition, and such findings

enhance confidence in the deduction that each group was locally made.
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B. Statistical Criteria for NAA

As mentioned, NAA is a technique which can measure a wide array of elements
with good accuracy and therefore it well adapted to prdvenience determination
for pottery. In the modification used for the present,wopk (I. Perlman and F.
Asaro, i969 and 1971), some 50 elements are looked for in qach pottery sample;
about 40 are usually observed, and the abundances of over 20 of these elements
(the one used to fiﬁgerprint the pottery) are measured with an average precision
of ™ 2%.

Some simple statistical criteria (F. Asaro and I. Perlman, M. Artzy et al.,
1974) have been employed to arrange and interxpret the chemiéal abundance of data
in order to judge matters of provenience. The treatment is Aeliberately kept
simple in order not to lose sight of the fact that we canndt easily prove that
some of the statistical parameters have the necessary randomness for a rigorous
analysis. As an example, the abundances of the various eleﬁents selected for the
characterization:of pottery vary independently to some extent, but also exhibit
some coherent behavior for many of the elements. It will be 'seen, however, that
the assignment of provenience does not hinge upon fine disfinctions.

The first step in the statistical analysis is to ob£ain thé chemical
profile for a reférence group. The reference group is generally a collection of
.sherds_for which we assume, provisionally, that the provenience is known. For
each element, the average value of its abundance (M) within the collection is
obtained and the spread of values is computed in the form of the root-mean-square
deviation (0). A tabulation of Mi0 for all the diagnostic elements makes up the
chemical profile or "fingerprinting" for this pottery group. For pots of unknown

provenience to be members of this '"reference" group, the abundances of the
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various elements should agree with the mean values 6f the éioup within certain
limits. 1If we-make these limits‘very small, (e.g. one O‘fér ~ 20 elements) we
will be able to ascertain the provenience of only a.gmall portion of the pots
(<< 1%) which actua>lly belong to a reference group. If_ 'wve'.ma,ke the limits much
larger, on the othe; hand, (e.g. 4 0 for ~ 20 elements), Wé:wou1d be able to
classify éssentially all of the pots which are members bf the group but would
enhance the prébability of overlapping chemical-composiﬁibné which would
necessitate a mbré'éomplex statistical treatment. The iimits best suited to a
particular problem depend on the degree'of homogeneity of the reference group
and the similarity in composition of other such groups.b The following example
would serve to classify aboﬁt 99% of the pots of unknowﬁ'p?ovenience which are
members of known groups and adequately distinguishes béﬁ&égﬁithe reference groups.
From an analysis for 20 elements, all pots of unknown pfcvéhience would be considered
a member of a gi%en”group except those for which: (1) éée‘dr more elements
differed from the group means by 2 4 0; (2) or two or more elements differed by
2 3 0; (3) or five or more elements differed by = 2 0; (4)lor 13 or more elements
differed by = 1 0. |

_Sometimes all or nearly all of the measured abundénées of a sherd will
deviate systematically from the group averages by almos£‘a §onstant factor. As
will be discussed’iﬁ a later section, however, this can bé'interpreted as a
dilution of the clay of the sherd or of the group by undetected major constituents,

e.g. water and CO and appropriate corrections to the abﬁndances can be made.

2'
For a giﬁen pottery group the smaller the values of 0 for the various

elements and the larger the number ofbuseful elements included in the analysis,

the smaller is the probability of making an erroneous assighment of provenience
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by this»method. In practice, it has been found that ifiabout 20 carefully
selected elements are used and the average value for 0 of their abﬁndance is

10% or less in the reference group, then the determination'éf provenience is
reliable. The selected elements should be measured with a precision substantially
better than 10% and then should vary somewhat randomly with respect to each in

the different clay beds, but should not vary erratically in the same pot.

To compeﬁséte for this,pbssible erratic behavior, as well as the uncertainties
in the assumptibﬁ of a Gaussian distribution of chemical abundances and the
occurrence occasioﬁally of low probability statistical éVents, the one element
out of the 20 which shows the poorest agreement between the pot of unknown
provenience and the reference group has often been discarded. In the present
experiments we were fortunate and this was not necessary.. It is possible and
even likely that the foregoing criteria might not be sufficient to distinguish
potteries made from clay beds which have a very similar geochemical and
environmental histor&, such as deposits laid down along the course of. a long

river, and for those more stringent criteria would be necessary.

C. Selection of Sherds

The sherds selectéd for the neutron activation analyses (NAA) were taken
from larger groups which had been previously analyzed (Piqbn et al., 1971) by
x-ray fluorescence (XRF). That the ones selected for NAA are representative of
‘the larger collecfion can be seen from the XRF data in Tablell. A map of the
sites studied in this work is shown in Fig. 1. |

Pottery from Arezzo - Twenty~three sigillata sherds excavated at Arezzo were

selected for analyses. These sherds are a priori likely to be of local

manufacture since they seem to be "factory rejects".
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Pottery from Lyons - As reference sherds from Lyons, we used pieces of broken,

misbaked, or deformed pots of terra sigillata from dumpsjfoﬁnd near the kilns.
Twenty-two samples excavated from La Muette and 6 from Lbyasse were used in the
present measurements.’ The coarse pottery found here was nqt appropriate as
reference material because it was definitely made from a_different type of clay,
which among other features, was not calcareous. It hasibéép noted before in
studies of pottery from Cypfus (F. Asaro et al., 1972) ;ndffrom Lezoux, France
(Vertet et al., 1970) that different types of clay wereisbﬁetimes used to produce
different styles of pottery. |

Ateius ‘signed pottery - 4 sherds with the Ateius signature (ATE-1-4) were analyzed

which had been excavated in Strasbourg and one (DIV-22) which had been excavated
in Lyons. None df these sherds, however, came from pottery workshops. Photographs

of these 5 sherds are shown in Fig. 2.

‘'D. Sample Preparations and Measurements

Carbonate measurements - The samples used for x-ray fluorescence (XRF) measure-

ments (Picon et al., 1971) had been refired.in the laboratory at 1000°C prior to
weighing, while those used for neutron activation analysis (NAA) were not. The
substances removed in the refiring were most likely CO2 and water. The CO2

originated either from CaCO, (limestone) which was present ih the clay before

3

the original firing or which was reformed by absorption of C02 afterwards. Pottery

fired at a low temperature retains its CO that fired at 1000°C or above loses

2’
it, and that fired at intermediate temperatures may lose varying amounts. A

comparison between measurements on a sherd by the two techniques shows the amount

of volatile material, and, if the sherd is calcareous and the CO_ content is

2
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very low, indicates if it was well-fired. As will be explained below, it is
possible to compare the earlier results from XRF measurements with the present

NAA results even though one set of samples had been refired and not the other.

In order to determine the CO2 content of some of the samples used for

NAA measurements, a number of wet chemical analyses were made. The pottéry

powder was treated with cold 2N HCl1l and gently heated. The CO2 released was

entrained in stream of dry nitrogen, scrubbed with sulphUric acid and then dried

over anhydrous Mg(ClO4)2. The CO2 was then absorbed on ascarite and weighed.

The CO2 measurements were made by Lilly Y. Goda of the Lawrence Berkeley Laboratory.

NAA measurements - Pottery powder was obtained from a sherd by first cleaning

a surface and then drilling or scraping with sapphire or diamond-tipped tools.
Alternatively, a small cleaned corner was broken off and ground with a mortar
and pestle. 100 mgm of the pottery powder was mixed with,SO mgm of cellulose
binder and pressed into a pill one cm in diameter.

The elemental compositions of the pills are determined from the gamma-ray
‘spectra of radioaétivities produced by neutron irradiation.v.The detailed
procedure has already been described (I. Perlman and F. Asaro, 1969), but since
the date of thqt publication some modifications héve been introduced which
improved significantly the accuracy with which several of the elements can‘be
determined. The analyzing system has also been automated, 1éssening the amount

of personal attention required in operating the equipment to its capacity.
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ITIT. RESULTS
A. Provenience

The chemical abundances measured by XRF for the sherds used in this
work are shown again in Table II. These are arranged, howeyer, into chemical
groupings determined by NAA. Some of the entries in Taﬁiéfil pertain to groups
of sherds (the number of pieces appear just below the gfdﬁﬁ designations); -
others are for.indiVidual sherds.

It wi;l,be'nofed that the 23 sherds considered to be from Arezzo still
fall into a single group. However, the 22 sherds‘from’Moqtée de La Muette which
had been divided‘inﬁo two groups (Picon et al., 1971) hé&é,how had 5 sherds
removed and tabulaﬁed individually unaer such headinqs‘AS.ﬁML—l4. Similarly;, the
group from Loyasse has had one sherd removed.

For each of'the pottery groups, the mean value fof each element is listed
along with the root-mean-square (rms) de§iation for the group. The last column
in Table II gives the values for a single sherd along with the respectivé,
measﬁring errors as given by the authors (Picon EE.EL"_IjS)' Data on other \
single sherds are presented without measuring errors.

The abundances measured by NAA for the elements m§s£ suitable for
provenience determinations are shown in Tables III and IV. Table V shows 9 other
elements or compounds which have (1) nearly identical behévior with other elements
in Tables III and IV (Ce and Lu), (2) very poor precision (Ni and K), or (3) have
previously exhibifed erratic, behavior in otherwise good_éﬁemicai groups (Ba, Sb,
Zn, and C02). |

The format éf Tables III and IV follows that ofvTable II, with a few

additional entries. In the heading for each pottery group, there is an entry
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"average 0" which refers to the average value of the rmsndeyiatioﬁlfor the 20
elements expressed as percent of the element abundances.ﬁ}This number is an
index of variability in composition averaged over 20 elemths. The entries
labeled "F" in'Tables III-V will be explained below. Thé last two columns in
Taﬁle Iv (alsovin Table V) show the values of one standard.deviation for the
precision and accuracy of the NAA measurements on sherd§ of»Group MML A,.and-these
are generally typical of all of the measurements. The Egeb}sion indicétes how
well multiple analyses on identical samples shouldvagreébiflall were done by
the same techniques used in the present work. The accﬁfédz;contains, in addition,
systematic errors éuch as uncertainties in the calibration 6f the standard. These
errors should be used in comparing these results with meééurements made using
other techniques or with different standards.

Table VI shows how closely individual sherds whiéhfare of uncertain
provehience or wﬁich are somewhat aberrant in compositidn éonform to the chemical
group averages. Table VII sHows a concordance between the sherd numbers used

in ‘the NAA-andeRF measurements and those previously published.

Arezzo pottery - The 23 sherds form a very homogeneous qhemicai group with an
average value of 0 for the 20 elements shown in Table III of only 6.5%. This
is well belowbthe desirable 10% upper limit discussed p¥§;iously, and these
sherds are ﬁhus very suitable as a chemical reference gféﬁpffor aséignments of
provenience. |

Aluminum and iron are two élgments which were measured with comparably
good accuracy by both the NAA and XRF techniques. Comparison of the Arezzo
group between Tables II and III éhows that there is agreemeﬁt within statistical

-

limitations. Because of the difference in sample preparation involved in the
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two techniques, fhe amount of volatile material in the{éﬁe#ds must be very small
(~ 1% or less). vThe calcium must have been present lafééiyias CaCO3 in’the clay
from which these-pots we?e made, rather than as part of~£ﬁé clay minerals,
because the variability in the Ca abundance for the 23 pots ‘'is considerably larger
(in both measurements) than the Variability of the common qlay mineral elements.
Thus, the Arretine sherds were well-fired originally witﬁféssentially all of
the carbonate destréyed. |

After the ?resent measuremeﬁts were performed,:aﬁ'érticle by Banterla,
Stenico, Teviahi,'and Villani appeared which contained_ﬁeutron activation analyses
of a number of sherds of terra sigillata from Italy andvAfezzo in particular.
We cannot compare their work with ours since they did not_give actual chemical

abundances but instead ratios of gamma ray counting rateé_fbr different elements.

Lyons;potte;y, La Muette - Most of the 22 sherds from Lafﬁuétte could be divided
into two chemical groups which we have designated MML A, wﬁich has 13 sherds,
and MML B which has 4 sherds. As can be seen from Table III, MML B is a very
homogeneous chemicél-grouplwith an average O for 20 elements of only 5.9% and
thus is a suitable reference group. The Al and Fe measUrgd‘by XRF and ﬁAA agree
very well with eaéh other and, for the same reasons as givgn’for the Arezzo
pottery, they were well-fired originally. e

Two sherds MML-14 and MML-15, would have thevsamé chemical fingerprint
as MML B if all of their NAA abundances are enhanced by 8 and 16%, respectively.
As shown in Table III, these two sherds after enhancement agree very well with
group MML B. Comparison of the NAA and XRF data for_Altand.Fe indicate that the
MML-14 and MML-15 samples used for the NAA measurements contained Yolatile

material, to the extent of 8 and 19%, respectively. These values are in good
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agreement with the enhancement factors used. The presencé-of carbonate in the
MML-15 sample used for NAA was confirmed by wet chemist;y’&hich indicated
10.2% C02. Thus, some sherds in group MML B from Lyons Qeré'either not well-

fired originally or had absorbed CQ since then. }The'volétile matter (CO. and

2 2

water) acts as a simple diluent, of cburse, and this effect is responsible for
thé fact thét‘ﬁhe measured values for all of the elements dre lower than those
of the groﬁp (MML B) to which these sherds belong.

The 13 sherds of MML A form a homogeneous chemiqaifgroup'with an average
0 of 6.4% for the.20 elements shown in Table IV. Thus,3£ﬁi§’is a suitable
reference group fo: assignment of provenience. Compariéon,between'the Fe and Al
values measured by XRF and NAA, indicate the NAA saﬁpiés ébntain'on the average
~ 4% volatile material. That at least part of this materiai was dﬁe to ca;bonate
was shown by wet’cheﬁistry on two shérds from this groﬁp\ﬁhich gave values of
3.0 and 1.3% for the CO2 content. k

One sherd, MML-16, was found to be a member of‘géoﬁé‘MML A, if its
abundances were all reduced by 15% as indicated in Tablé £V and V. Comparisons
between XRF and NAA measurements on Fe and Al indicatevthere was no significant
volatile material in MML-16. Therefore, 4 of the 15% reducﬁion would be due to
the volatile matériél in Group MML A. Another 5% coﬁld"béféttributed to the
lower Ca conteﬁt of MML-16, which would cause all of thefﬁthér ﬁeasured abundances
to increase. The variation of ba abﬁndances in calcarébuéApottery is often
larger than those 'for other eleménts because in addition:fo differences in clay
mineral composition, itvreflects differences in the potters' techniques for
removing limestone. The remaining difference between Group MML A and MML-16,

may be due to additional SiO2 in MML A or some other diluent which is not measured.
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Another Shefd, MML-3 was a member of MML A if its gbundahces were enhanced
by 8% as shown in Tables IV and VI. The Rb abundance differs by over twice the
9 ppm value of G.for MML A. The counting error on this pafticular sample,
however, was 16 ppm, considerably higher than usual, and that value was therefore
substituted for o. Comparison of XRF and NAA abundancé%ﬁélﬁes indicate 14%
volatile material:in MML-3 and this is in good agreemenﬁi&lth the optimum:
‘enhancement of‘8%”needed to make MML-3 agree with MML Aléﬁé the 4% volafile
- material in MML A; |

The remaining sherd from La Muette, MML-2, agreeéAip most respects with
MML A if its abundaﬂce values are enhanced by 13% as sHan.in Tables IV and VI.
Two elements, hoﬁever, U and Co différ by over 30. Thiéyﬁéy.represent some
local variation in the MML A composition. The NAA and XﬁF?Qélues for Fe and
Al, which are nbﬁ vefy consistent for this sample, indiééfe:about 12% of.the
sample is volatile material. This value is also not in'vefy good agreement with
the 13% enhancement needed to make MML-2 a member of MML A and the 4% of volatile
material in MML A.”
Loyasse - Five of ;he six sherds from Loyasse form a fai?i?fhomogeneous chemical
group with an avefage 0 of 8.6% for 20 elements ana whiéh is adequate for a
chemical referenée group. Comparison between XRF and NAA,measurements of the
Fe and Al in these samples indicate 12% volatile material. ‘This is in good
agreement with wet chemical analyses whichvshow»an average of 9.6% CO2 in- these
5 samples as shown in Table V. Thus, these samples either retained most of their

carbonate after the original firing or absorbed CO

5 afterwards. One sherd from

Loyasse, LOY-3, is somewhat different from the other 5 and pfobably reflects a

local variation.
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Ateigs - The féﬁf signed sherdé'fr;mistrésboufé.ﬁaéé.ébﬁﬁaaﬁéeé which'forﬁ an
extremely homogénéoﬁs group §f 20 elements Qith a 0 of 3£Q%Ias can be seen in
Table III. If these abundances are reduced‘by 43, théy ;:eLin>excelient
agreement with G;duvaML,A as shown in Table VI. Comp&f%épn_between the XRF

and NAA measurements for Al and Fe indicate these samples_have very -little

2‘analysis shown

volatilé'mat;riai;f;ﬁd.this>is cbnfirmed by fhe results 6ffCC
in Table V. The'4$:reductidn-is in excellent agreementhifh the volatilé
components in MML'A; which are presumed to be also.4%. |

One signed sherd, DIV—éZ,hfiom Lyons»haS»NAA‘abundéﬁées‘which agree
well with MML A if they are enhanced by 9% as shown inﬁTébiéé IV and VI.V
Comparisons-betweéﬁ:fhe XRF and NAA measurements for Fe éﬁa'Al indicate this sherd
has 9% volatile materiél which is in ﬁoderate agreementi%iéh.the 9% needed‘to
make DIV-22 a member of MML A and the 4% volatiles in MMLGA.

Thus, all,S‘of these sherds ‘agree very well in qhéﬁical composition with
sherds known to have been made at La Muetﬁe. _The four éﬁgfdé from Strasbourg
not'bﬁly are membefs of MML A, but may represent a subg#éué;és they agfee in
chemical compositibh with each other exﬁremely well. DIV;2?_and one of the
members of MML A would fit into this subgroup. ”

In making ﬁp a chemical pottery group, there aréiof£en some arbitrary
decisions taken:  whethervto add a shefd or two to the.grbup (or conversely to
remove one oOr two)} whether to divide the group into subgroups in which each is
internally more hc‘m.log-eneous‘ than the larger'group. Althéuéb-one may justify the
decision to make subgroups on the basis of statistiqs aquéé;there is some
reluctance to be encﬁmbered with subdivisions if they ao no#llead to some new

insight. Attention is called to such a subgroup in this case because all five
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of the vessels with the Ateius sighature fall within it. The reason for this
may be quite trivial, but it seems worthwhile to keep a note of this occurrence

pending further work on these wares which might illuminate the significance.

B. Comparison Between the NAA and XRF Measurements
For a number of samples, definite discrepancies wefe observed between
the XRF aﬁd NAA measurements, but these could almost all be attributed to
differences in the sample preparation procedure. For fhese sherds with little
or no volatile material, the agreements between the XRFvend:NAA determinations
of the same elements were excellent, and .the abundance values can be used to
determine the differenees in the calibrations used in thebﬁwo measurements.

This latter.group of samples will be discusséd first..

Calibrations - If the abundances of the common elements for the groups, ARE,

MML B, and ATE, are.weighted according to the number of sherds, the NAA values
are higher than the XRF values for Fe, Al, Ti, K, and ca‘by,+3, -3, -10, ~ -2,
and +2%, respectiQely. The results for Fe, Al, and Ca e;e'consistent for the
three groups within 1%,1but tﬁoée of Ti and K show larger yeriations. The Ti
variation and at least part of that of K could just be due to the counting errors
inherent in tﬁe meaéuremehts.

With the corrections inen above, the abundance ‘determinations of the two
laboratories (with-the exception.of‘Ti and K) can be comﬁered withrohly a 1%
calibration uncerteipty;

The NAA and XRF measurements discussed hefe can also be compared to others
made with rocks of the United States Geologicai Survey (U.S.G.S.) as'calibraFion

standards. A number of these rocks were analyzed by the same NAA-techniques
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as used for the present measurements (H. Bowman gE_Elg,; -The abundance values
for Fe, al, Ti, and K were higher than the tabulaté@.ones (Flanagan, 1973)
by +2, -3, -5, and -2 percent, respectively.

Refiring pottery samples - Refiring samples prior to weighing is generally not

necéssary for determinations 6f provenience. If many eleménts are being measured
and distinctiveﬂchemical groups have been.detérmined,‘oneféelected element (or
more) may be used to normalize the abundances Without_é éiénificant loss in
sensitivity for pfovenience éssignments. |

If only a few elements are’beiné measured, howevér, the loss of one may
be serious,.andkdetermining the abundance of fhe Volatiié-cbmpoﬁents would be
more desirable; Even with many elements being‘used in the'analysis, chemical
groupings made after such determinations would be.more,hémogeneous generally and
possibly permitAbe££er distinctions between similar.éhémicéi groups from different

sites.

Iv. CONCLUS ION

. Pottery with the Ateius signature has beén-éhéWﬁ'tQ'have the Same_chemical
composition patﬁern as many éottery rejects found néar kiin§ in the large complex
of workshops of Montée de Lanuette in Lyons. We belieye:Ehis indicates
definitely-that the great poﬁtery—making firm in Arezzo, Ateius, had a branch
workshop in Lyons around 10 B.C. This branch was probagl? opened with experienced
workers and equipment from Arezzo in order to shorten the distance to the new
markets of Gaul and the Germanic border legions.

Further measurements of the same type may give information on the extent

of the diffusion Qf pottery from Lyons workshops into Gau1 and Germény and

identify additional branch workshops of the firm of Ateius.
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. ' ' a . i
Table I. Previous x-ray fluorescence measurements. Comparison of chemical abundances
of sherds selected for NAA measurements with those of the total group.

Site Arezzo Loyasse La Muette
Number t’z; 71 34 89 20
of sherds S 23 6 14 8

Mean (o) Mean g Mean 0] Mean g
Sit (%) 25.4 0.7 26.96 0.89 28.13° 0.87 24.85 1.34
Si S 25.1 0.5 26.5 1.2 28.1 . .0.9 25.0 2.0
Al t 9.6 0.3 6.37 0.21 7.93 0.40 6.79 0.28
Al S 9.5 0.3 6.45 0.37 8.0 0.4 6.8 0.4
Mg t 2.35 0.10 0.89 0.16 0.86 0718 1.23 0.17
Mg S 2.36 0.11 0.87 .16 0.88 0.23 1.25 0.12
Ca’t 8.6 1.3 13.50 1.32 9.94 1.24 15.80 2.04
Ca S 9.4 1.1 13.39 2.13 10.0 1.5 16.0 3.2
K t 2.07 0.14 1.76 0.08 1.82 0.12 1.72 0.21
K S 1.99 0.11 1.77 0.04 1.80 0.09 1.63 0.25
Ti t 1.56 0.02 0.33 0.03 0.38 0.02 0.31 0.01
Ti S 0.53 0.02 0.34 0.04 0.38 0.02 0.30 0.01
Fe t 5.10 0.19 3.20 0.16 3.84 .0.25 3.67 0.15
Fe S 5.16 0.17 3.22 0.13 3.80 0.25 3.57 0.13
a) Picon, Vichy, and Meille, 1971.

b)

c)

Total sherds in group.

Those sherds selected for neutron activation analysis.
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Table II. Chemical abundances® in pottery measured by x—ray fluorescence. -

Group or sherd : ARE MML B MML-14 MML-15  1OY LOY-3
Quantity of sherds 23 4 .5
Si (%)  25.1%£.5  23.7+.4  23.8 25.8  26.0%.6 28.9%.6
Al(s)  9.5%.3 6.6%.1 6.5 6.7 - 6.4%.4 6.9%.3
Mg (%) 2.36%.11 1.36+.12 1.21 1.42° = .89+.08 .75%.06
ca (%) . 9.4%1.1  17.9%1.3  17.9 14.8 - 14.2%.6 9.2%.4
K (%) © 1.99:.11  1.51%.22 1.56 1.76 - 1.77+.04 1.80%,08
Ti (%) .53%,02  .30:.01 .30 .31  .32%.02 .44%.02
Fe(¥) 5.16£.17  3.57+.13  3.43  3.64  3.22+.15 3.22+.13
Group or sherd MML A MML-16 MML-3 MML-2 ~ ATE DIV-22
Quantity of sheras 13 _ . : : .—f4
si (%)  28.0%.9 29.4 20.4 25.8  28.8%.6 28.7
Al (%)  7.9%.4 8.7 7.7 6.9  7.6t.3 7.5
Mg (%) | .88+.23 .81 .69 1.21 .81+.06 .88
ca(s) 10.0+1.5 7.2 9.3 14.4  9.5t.5 9.7
K(%) : 1.80%.09 1.91 1.80 2.04' 1;98t.08 1.76
-Ti(%) ~.38%,02 .4 .38 .31 .38%.01 .37
Fe (%) 3.80+.25 ' 4.16 3.74  3.71 - 3.55%.12 - 3.53

(a) If there is more than 1 sherd in a group, the two entries for a particular
element are the average abundance of that element and the root-mean-square
deviation for the indicated sherds. If there is only 1 sherd listed, the
two entries for a particular element are the actual abundance and the
experimental accuracy (10).
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Table III. NAA abundances 2 of selected elements in pbttefy from Arezzo and
some from Lyons.

Group or sherd ARE MML B MML-14 b MML—lS]b Loy LOY-3

Quantity of sherds 23 4 5

Average O 6.5% 5.9% Fo=1.08 F=1.16 8.6%
Al (%) 9.23%.55 6.41% .23 6.06 6.18 5.37£.38 6.76
Ca (%) 9.5%1.3 18.2%2.4 17.3 15.2 12.7%1.2 9.14
Dy 5.39+.21 4.58+.31 4.65 4.43 4.04%.44 5.31
Mn 1117+41 905£53 862 828 774+89 673
Na (%) .606+,027 .454%.014 .449 .423_ .507£.037 .687
U 2.70%.09 2.61%,22 2.60 2.43 2.33%.33 3.18
Sm 6.56%,20 5.04%,05 5.07 5.07 4.69%.28 6.10
La 39.4*%1.1 29.7%.5 29.1 29.6 27.4%1.7 35.0
Ti (%) .477%.024 .270%.020 .236 .282 .287£,015 .384
Ta 1.241+,039 .772%,018 .787 .799 .785%.048 1.133
Co 22.55i.86 12.87%.19 12.82 12.74~ 10.27+.82 11.84
sc 19.06+.59 11.07+.33 10.95 11.33.0 9.80%.69 12.56
Fe (%) 5.24%.19  3.71%.06 3.66 3.73 2.96%.09  3.20
Yb 2.79+.08 2.25+,05 2.26 2.29 2.19+.11 2.87
Hf 3.95+,12 3.06%.13 3.30 3.17 4.12%,47 6.73
Cs 6.98%t1.10 3.68%*.61 4.32 3.77 5.30%.95 . 8.00
Cr 182%6 7917 85 70 736 85
Th 13.44%.47 10.48%.13 10.44 10.45_: 9.70%.62 13.26
Eu 1.465%.054 1.122+,018 1.124 1.145 ° 1.017%.059 1.250
Rb 132t16 82421 81 82 | 92419 126 ©

(a) The two entries for each element in a group are the average abundance and the
root-mean-saguare deviation. The values are expressed in ppm or in percent if

indicated after the element symbol.

(b) True abundance values are equal to the listed value divided by the enhancement

factor,

(c) The average Rb counting error for the Loyasse sample was 16 ppm.




Table IV. NAA abundances ° of selected elements in pottery like Group MML A from La Muette.
Group or sherd MML A MML-16 b - MML~-3 P MML-2 b ATE DIV-22 b Pre- ¢ Accu- ©
Quantity of sherds 13 = 0.85 F = 1.08 Fo=1.13 4 F = 1.09 clsion  xacy
Average O 6.4% 3.8% 1.9%
Al % 7.38%.48 7.16 6.92 7.20  7.32%.15 7.15 .13 .16
Ca % 10.71.6 6.9 12.9 13.0 9.6.6 11.2 .5 .5
Dy 5.32%.28 5.60 5.19 5.31 5.37%*.16 : 5.05 .14 .30
Mn 858182 885 817 840 890%61 855 9 14
Na % .363*.014 . 365 .376 .364 .391%,012 .384 . 007 . 009
U 2,.60%.13 2.40 2.83 3.08 2.64*.10 2.53 .03 .23
Sm 6.09+.28 6.21 6.02 6.11 6.18*.10 6.19 .03 .13
La 34.7%1.7 35.6 33.7 34.6 35.8%1.1 35.2 .5 .7
Ti .328%,021 .324 . 300 .293 .331%.014 .329 .014 .020
Ta .984*,041 .957 .966 977 .994*,017 1.000 .007 .031
Co .14.29%.78 14.47 14.78 11.74 14.09%.92 12.99 .19 .24
Sc 12.62%,65 12.77 12.12 12.31 12.78+.33 12,54 .07 .22
Fe % 3.73%.24 3.61 3.62 3.63 3.67%.11 3.60 .04 .06
Yb 2.70t.14  2.76 o 2.65 2.64 7__'2.861,10 2.73 .03 .35 .
HE 4.11*.22 4.18 . 4.53° 4,47 4.64%.12 4.70. .08 31
Cs 6.47t.47  6.48 5.65 5.62 6.47t.30  6.27 17 .72
Cr 8919 8¢ 80 85 8915 84 1.5 5.0
Th ©12.09%,54 11.73 11.86 11.77 12.14+.20 11.92 .09 .42
Eu 1.389%,072 1.399 1.330 1.390 1.425%,021 1.385 .015 .041
Rb 1259 115 146 d 114 12819 119 7 _ 15
(continued)
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Table IV (continued)

(a)

(b)
(c)
(d)

The two entries for each element in a group are the average abundance and the root-mean-sgquare
deviation. The values are expressed in ppm or in percent if indicated after the element symbol.

True abundances are equal to listed values divided by the enhancement factor, F.

Value for one standard deviation.

-The precision for this Rb value was 16 ppm rather than 7.

—98.—
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Table V.

a
Abundances

of other elements or compounds measured by NAA or wet chemistry.
Group or sherd ARE MML B MML-14 b MML~15 b LOY LOY-3
Number of -
sherds in group 23 4 F =1.08 F=1.16 5
Ce 80.8%3.0 56.8+.9 ©58.1 59.1 54.0%3.6 70.0
Lu .402%.017 .317+.022 .345 .350 .328+.021 .397°
Ni 98*15 58+*16 48 51 40*11 52
K % 1.88+.31 1.48%.32 1.54 1.44 1.39%£.18 1.42
Ba 435*36 470%26 496 594 73li19§ 1217
As 6.5%1.0 27.0%3.9 31.3 31.8 25.9%10.2 16.9
Shb .67%.07 1.42%.10 1.48 1.33 1.46%.40
Zn 1397 85+7 81 88 7318 91
C02(%) 10.2 9.6%1.9 3.8
b b b b
Group or sherd MML A MML~16 MML-3 MML-~-2 ATE DIV=-22
; Pre- Accu-
Number of 13 F = 0.85 F=1.08 F o= 1.13 4 Fo=1.09 cision racy
sherds in group
Ce = 68.4%¥3.8  68.6 68.9 . - 68.8  70.5*1.6 71.0 .7 3.4
Lu .391%.025 .412 432 ©.a25 .395+.019" .374 ©.017 .039
Ni 58%15 67 77 46 56%8 52 9 22
K(%) 1.82i.34 1.67 1.58 1.27 2.19+.20 1.73 21 28
Ba 415168 371 389 382 490%105 771 13 24
As 15.1%2.0 12.1 15.6 14.6 14.3%2.8 12.5 .7 2.5
Sb 1.25+,12 1.09 1.13 1.11 1.20%.10 1.52 .09 .10
Zn 83%8 80 171 59 87%12 243 5
d
co,(s) © 2.0 .8%.4 4.2 .3 .3

(continued)
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Table V (continued)

(a)

{b)
(c)
(d)

All CO

The two entries for each element in a group are the average abundance and the root-mean-square deviation.
The values are expressed in ppm or in percent if indicated after the element symbol.

True abundances are equal to the listed values divided by the enhancement factor, F.

2

values are true values without any enhancement.
Two values only. '

_82_
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Table VI. Statistical comparisons of individual sherdszith group averadges
from neutron activation analysis.- .~

Numbers of elements in different
ranges of deviation from group

Range of _ 0-1 1-2 aver;gi_ 3-4 Reference Group
deviation (o) Group Assignment
Expected a ~ 13 T 6 1 , - Q
b o
ATE-1 18 2 MML A MML A
ATE-6 16 3 1 MML A
" ATE-8 P 13 7 MML A
b .
ATE-9 . i 15 5 MML A
c . _ '
- DIV-22 17 2 1 i MML A
c . ,
MML 2 © 13 5 - 2 _
MML 3 13 7 : o MML A
c : : .
MML 16 16 4 1 N MML A
a S _ .
MML 14 15 5 MML B MML B
d v IR
MML 15 13 6 1 : o . MML B

(a) Number of elements expected with different ranges of deviations from the
group averageS'for a group member if the abundance distribution is Gaussian.
Because enhancement factors were selected to optlmlze ‘the agreement with the
reference groups, the deviations from the group averages will generally be
smaller than the Gaussian expectatlons.

(v) Abundances reduced by 4% to compensate for 4% average content of volatile
material in MML A.

(c)  See Table IV for enhancement factors.

(d) See Table III for enhancement factors.
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Table VII. Sherd Concordance

Sherd designations used in NAA and XRF i *
measuremenzs ' Published
sherd no.
Pottery from Arezzo '
Are grou
Are-2 > 4, -7 » 10, -15 > 17, -19 > 24 : ' Same
. . ' * %
Are-27 + 29, 32, 33, 35, 37 ) U
Pottery from Montée de la Muette
MML A group
MML-3 : 33
5 o 30
16 - 38 .
17 - 39
20 S ’ -2
21 ) 3
24 o 5
25 o 6
48 e 14
59 - 25
67 R 51
69 _ ' . 53
72 : o 56
94 71
129 o U
MML B grou
MML-14 36
15 S 37
22 : 41
23 H 4
27 ' R ' 42
135 ' u
Others MML-2 o 32
Pottery from Loyasse
LOY group
DOY—l#(29)## U
2 (30) U
4 (32) 8]
5 (33) U
6 (34) U
Others LoY-3 (31) ' U

(continued)
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Table VII (continued)

Ateius signed sherds
* ATE-1
2
3
_ 4
DIV-22

accaca

*
Picon et al., 1971.

* % ]
Unpublished.

#Sherd numbers used for NAA measurements only.

##Sherd numbers used for XFF measurements only.
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FIGURE CAPTIONS
Fig. 1. Map of Europe showing the location of sites'in_this study.

Fig. 2. Five terra sigillata sherds bearing the stamp of Ateius.



8

-33-

Fig. 1

LBL-1964

XBL 742-362



ZC
L90F-22L 99D

LBL-1964
58]
=)
L
=
<C

¢c AlO

-34-




LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or

. responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.
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