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Chemical analysis by wavelength-dispersive X-ray fluorescence (WD-XRF) was used to establish reference groups for Moe-
sian sigillata produced in Butovo, Pavlikeni and Novae in present day Bulgaria. Sigillata finds from Dacian sites (Buciumi, 
Brâncoveneşti) were compared. Long-distance traded imports were easily identified as coming from Gaul (Lezoux, Les 
Martres de Veyre, La Graufesenque). The rest of the finds and ten samples of local sigillata from Dacia (Micăsasa, Cristeşti) 
could not be distinguished so easily by chemical analysis. Multivariate methods yielded ambiguous results and therefore in 
publications they should not replace the original analysis results, as it is only the latter which allow the interpretation of 
data to be verified, e.g. by taking possible alteration effects into account. Finally, the finds could not be attributed securely 
to any of the regional workshops in Moesia or Dacia. More analyses are necessary to establish secure reference groups. With 
all samples the use of portable XRF was tested. This method could be very important for future studies of museum objects. 
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Moesian and Dacian sigillata – exploring regional patterns 

A methodological approach using chemical analysis by WD-XRF and p-ED-XRF

reference groups characterize the sigillata products of Butovo 
and Pavlikeni: products of Butovo (BRG1) are made from 
calcareous clay with Rb higher than 145 ppm, products from 
Pavlikeni are made from different clay with higher Ca, Sr and 
lower Rb (fig. 1 left). Three groups of products from Pavlik-
eni (PRG1, PRG23, PRG3) can be distinguished primarily by 
the Si, Ca and Sr contents (table 1). The difference is also 
seen in thin sections and is confirmed by MGR-analysis. 
The three different compositions possibly represent different 
layers of the same clay bed and are mainly connected with 
different amounts of fine quartz. 

All samples from which the reference groups were de-
fined were also analysed using portable energy-dispersive 
X-ray fluorescence (pXRF). The data used were averages of 
at least three independent measurements on fresh fractures 
of each sherd4. If the most reliable elements Rb, Sr and 

Daszkiewicz/G. Schneider, Naturwissenschaftliche Untersuchungen 
kaiserzeitlicher und spätantiker Keramik aus Iatrus. In: G. von Bülow 
et al., Iatrus-Krivina – Spätantike Befestigung und frühmittelalterli-
che Siedlung an der Unteren Donau 6. Ergebnisse der Ausgrabungen 
1992–2000. Limesforschungen 28 (Mainz 2007) 467–482; M. Daszkie-
wicz/G. Schneider, Chemical Analysis by WD-XRF of Late Hellenistic 
and Roman Table Wares in the Black Sea Region and of local pottery in 
NE-Crimea and SW-Crimea (DAI 2015, forthcoming); M. Baranowski, 
Ceramic production at Butovo – overview and new results (DAI 2015, 
forthcoming); M. Baranowski/M. Dazskiewicz/G. Schneider, Chem-
ical analysis using WD-XRF, p–ED–XRF and macroscopic analysis 
of fabrics in studying Moesian sigillata. Workshop 2014 Topoi FU 
Berlin (Berlin forthcoming); M. Baranowski (unpublished thesis Univ. 
Warszawa 2017).

3	 PRG2 originally was represented by only two samples found together 
with the kilns in Pavlikeni Villa. Later on only two more samples could 
be added to this group which, therefore, has not been regarded further.  

4	 Niton XL3t-900s GOLDD, 30 sec for each of the 4 filters, without He. The 
depth of information depends on the absorption of the matrix and is best for 
the heavier elements and mainly therefore the data for Rb, Sr, Y, and Zr are 
more reliable than for the elements lighter than Fe (G. Schneider/M. Daszk-
iewicz, Testmessungen mit einem tragbaren Gerät für energiedispersive 

1. 	R eference groups for pottery from Butovo and 
	P avlikeni in Moesia

To determine the provenance of sherds, e.g. by using chemical 
analyses, some preconditions are essential:
– 	 the differences between groups must be larger than the 

differences within one group of samples,
– 	 the data must be precise and accurate,
– 	 the analysis must include as many elements as possible (a 

minimum of about 15 chemical elements is recommended),
– 	 secure reference groups must be available for comparison 

and theoretically all hypothesized provenances must be 
checked, 

– 	 chemical alteration effects must be recognized and taken 
into account,

– 	 it must be borne in mind that the interpretation of chemical 
data often needs additional methods, e.g. to distinguish 
calcium in the matrix from calcium in added temper.
Reference groups for sigillata products made at the 

Moesian sites of Butovo and Pavlikeni have been determined 
by wavelength-dispersive X-ray fluorescence analysis (WD-
XRF), MGR-analysis1 and thin-section studies, and this pot-
tery can clearly be distinguished from sigillata made in Novae 
and also from all four groups of Pontic Sigillata produced 
in SE-Crimea and other as yet unidentified locations2. Four 

1	 M. Daszkiewicz/G. Schneider, Klassifizierung von Keramik durch 
Nachbrennen von Scherben. Zeitschr.Schweizerische Arch. u. Kunst-
gesch. 58, 2001, 25–32; M. Daszkiewicz, Ancient pottery in the labo-
ratory – principles of archaeological investigations of provenance and 
technology. Novensia 25 (Warszawa 2014) 177–197; M. Daszkiewicz/G. 
Schneider, Analysis of chemical composition of ancient ceramics. 
Novensia 25 (Warszawa 2014) 199–206.

2	 M. Daszkiewicz/E. Bobryk/G. Schneider, Some aspects of composition, 
technology and functional properties of Roman and Early Byzantine 
pottery from Novae (Bulgaria). Novae 8 (Poznan 2006) 189–214; M. 
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Fig. 1. Bivariate scatterplot of rubidium vs. strontium for the Butovo (BRG1) and Pavlikeni (PRG1, PRG3) reference groups; 
left diagram: analyses by WD-XRF; right diagram: analyses by pXRF.

Fig. 2. Bivariate scatterplot of rubidium vs. potassium (WD-XRF) for the Butovo, Pavlikeni, and Novae reference groups, 
including analyses by NAA from Pavlikeni (see text).

Fig. 3. Bivariate scatterplot of rubidium vs. strontium (WD-XRF) for finds from Buciumi and Brâncoveneşti (circles) attri-
buted to Lezoux, Les Martres de Veyre, and La Graufeseqnue, compared to reference groups Butovo (red squares), Micăsasa 

(orange triangles) and Cristeşti (blue triangles).
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Table 1. Results of analyses by WD-XRF: ignited samples, loss on ignition at 900°C (l.o.i.), major elements normalized to a constant 
sum of 100% (melted samples were measured at GeoForschungsZentrum GFZ Potsdam using spectrometer AXIOS by courtesy 
of A. Schleicher). The original totals are indicated; for reference groups means and standard deviations (std ±) are given. Some 
significant data mentioned in the text are highlighted in bold.
a) 	 Pavlikeni and Butovo reference groups (means from Baranowski et al. 2017, see text)
b) 	finds of purported regional sigillata found at Buciumi and Brâncoveneşti,
c) 	 further non-attributed finds from Buciumi and Brâncoveneşti,
d) 	 imports from Gaul: mean LEZ

S
, Schneider 1978, 90 (n=15); mean MAV

P
, Picon 1977 (n=10, Na, Cr, Rb by NAA); mean LGR

H
, 

unpublished data by B. Hoffmann/G. Schneider (n=61); mean LGR
S  

(n= 15), (Schneider 1978, see Text), 
e) 	 preliminary reference group Micăsasa, 
f) 	 preliminary reference group Cristeşti.
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Zr are regarded, the Moesian reference groups, in spite of 
greater variation, can be distinguished from each other if a 
few misclassifications due to Rb are accepted (fig. 1 right). 

Sigillata found in Butovo and Pavlikeni has also been 
analysed by Kuleff and Djingova using NAA5. Thanks to the 
published table of the original NAA results, Fe, Na, K, Cr, 
Rb and Ba could be used for comparison of the same series of 
elements also determined by WD-XRF. Rb and K have been in-
cluded in the diagram shown in figure 2, even though these two 
elements were not used in the cluster analysis by Kuleff and 
Djingova. In spite of some erroneous determinations (e.g. Rb 
varies from 18 to 332 ppm), the eight samples of their cluster 
1 (all representing finds from Pavlikeni Villa, including three 
kiln wasters) are a good match for our reference groups PRG1 
and PRG3, thus confirming our attribution of these groups to 
Pavlikeni. Some samples of other clusters match our reference 
group BGR1. Later data published by Kuleff et al.6 showing 
results obtained by ICP-AES for compositional groups attrib-
uted to Pavlikeni/Butovo, Novae and North Italy deviate too 
much from our results to be taken into consideration. 

2.	A ttributions of finds, the easy case: Imports from
	  Lezoux, Les Martres de Veyre and La Graufesenque

After having established the reference groups for Moesian 
sigillata we asked if we could determine Moesian imports in 
Dacia. As a pilot project, a series of finds from Buciumi (Sălaj 
County) and Brâncoveneşti (Mureş County) was analysed 
(table 2; fig. 4). Initial examination of the chemical data (table 
1) showed several more or less easily distinguishable groups. 
Looking just at the contents of Rb, Sr and Ti these groups 
are as follows: b1 and b2, more or less similar to BRG1, two 
groups (d1 and d2) with very high Rb levels, distinguished 
from each other by Sr content, and one group with a high 
Ti content (d3). Comparison with analyses in our data bank 
clearly showed that group d1 could be attributed to Lezoux 
(LEZ), group d2 to Les Martres de Veyre (MAV), and group d3 
to La Graufesenque (LGR). For comparison to LEZ we could 
not only use our own results from forty years of analysis of 
Roman sigillata but also those obtained from analyses carried 
out in Lyon by Maurice Picon and in Louvain-La-Neuve by 
Benoit Misonne7 (table 3). The accordance of the mean of 
15 own analyses made in 19768 with the mean of 18 analyses 
made in our lab after 1996 as well as the accordance with data 
from other labs may demonstrate the precision and accuracy 

Röntgenfluoreszenz [P-XRF] zur Bestimmung der chemischen Zusam-
mensetzung archäologischer Keramik. In: O. Hahn/A. Hauptmann/D. 
Modarressi-Tehrani/M. Prange (eds.) Archäometrie und Denkmalpflege 
2010. Jahrestagung im Deutschen Bergbaumuseum Bochum. Metalla 
Sonderh. 3 [Bochum  2010] 110–112).

5	 I. Kuleff/R. Djingova, Chemical profile of the pottery production in 
the ceramic centre near Nicopolis ad Istrum. Analytical Laboratory 5, 
1996, 238–244.

6	 I. Kuleff/R. Djingova/G. Kabakchieva, On the origin of the Roman pottery 
from Moesia inferior (North Bulgaria). Arch. Bulgarica 3, 1999, 29–38.

7	 B. Misonne, Terres sigillées de l’antiquité tardive et dérivées en Gaule 
et en Grande-Bretagne: characterisation archéométrique des productions 
et étude technologique (Louvain-la-Neuve 2002).

8	 G. Schneider, Anwendung quantitativer Materialanalysen auf Her-
kunftsbestimmungen antiker Keramik. Berliner Beitr. Archäometrie 
3, 1978, 63–122.

of the data9. The two samples attributed to MAV (table 1, 
d2) show a nearly identical composition, which makes it very 
probable that the two fragments belonged to a single vessel. 
Here, for comparison, the data kindly provided by Maurice 
Picon in 1977 could be used as well as a sample (V238) from 
Cologne attributed some years ago to MAV. For LGR, own 
data and data from Maurice Picon was used. Sample BM370 
is heavily contaminated, probably due to alteration caused by 
specific burial conditions (P, Ni, Cu, Zn, Ba)10. Sample B384, 
despite having slightly too high levels of K, Rb, and Sr, may 
still be attributed to LGR11.

A bivariate plot of rubidium vs. strontium (fig. 3) shows 
the groups of LEZ and MAV clearly distinguished by 
WD-XRF results, whilst the rest of the analysed samples, 
including two preliminary Dacian reference groups, are very 
similar. This was also the result of multivariate comparison. 
Other than the identification of LGR by typical contents of Ti, 
Al and K, the distinction of the rest of the analysed samples 
is not easy. Their distinction will be discussed in chapter 3. 

In the easy cases, as represented by LEZ and MAV because 
of their very typical levels of elements such as Rb, Sr, and Zr, 
pXRF analysis can also be used to distinguish the reference 
groups. Averages of threefold measurement on fresh fractu-
res as well as the averages of threefold measurement on the 
cleaned gloss surfaces of the LEZ samples are shown in table 
3 in comparison to the WD-XRF data. The measurements on 
fresh fractures gave quite similar results to WD-XRF. Some 
elements, however, cannot be detected by pXRF (Na, Ce) or 
can only be detected with very low precision (Si, Al, Mn, Mg, 
P, V, Cr, Ni, Cu). As expected, however, the composition of 
the gloss differs clearly from that of the body in having lower 
Si and Ca levels and higher Al, Fe, and K. A cluster analysis 
using Ti, Fe, Ca, K, Cr, Zn, Rb, Sr, Y, Zr, Nb, and Ba, non-
destructively measured by pXRF on gloss surfaces, more or 
less clearly distinguished the three groups LEZ, MAV and 
LGR from the combined group of the rest of the samples. The 
attribution of pXRF data on gloss surfaces by using reference 
groups determined by WD-XRF is, however, very limited 
because the reference groups established by WD-XRF are 
based on analyses of the body, and due to the preparation of 
the sigillata gloss the surfaces have a different composition. 

3. 	A ttribution of finds, the difficult case: Dacian or 
	 Moesian sigillata in Buciumi and Brâncoveneşti? 

The distinction of the other part of the analysed finds from 
reference group BRG1 is not easy because of their chemical 
similarity (table 2)12. Multivariate methods yielded unequivo-

9	 Some of the trace elements are not always determined.
10	T he high Ba and P of nearly all sigillata samples found in LGR analysed 

by us are not found in clay from LGR and not in finds from some sites 
such as Heidelberg, Velsen, and Nijmegen (probably due to different 
environmental conditions). 

11	T his, however, in spite of some chemical similarity, seems not to be 
possible for sample BM391. 

12	 The analysed finds in table 1c could not be attributed either to Butovo/
Pavlikeni or to the two Dacian reference groups (comparison with analyses 
of common pottery from Apulum makes this provenance unlikely, too). 
The analyses results are given here for possible later attributions.
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Fig. 4. Photos of some of the analysed finds (not to scale), sorted according to their attribution to Lezoux, 
Les Martes de Veyre, La Graufesenque, group b1 and b2, and one sample of unknown group.
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Table 2. List of analysed samples from Romania with results of chemical attributions.
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cal results. After a first interpretation the two samples found 
at Buciumi were attributed to BRG113. After the publication 
of these results  ten samples from Micăsasa and Cristeşti 
were analysed as a pilot project to get an idea of the reference 
groups in Dacia. A cluster analysis using the same elements 
as in the publication of 2015, but including the two Dacian 
reference groups, distinguished clear groups (fig. 5) and did 
not attribute any of the finds to BRG1 or to the reference 
groups from Dacia, with the possible exception of the two 
finds from Buciumi, which may be attributed to Cristeşti 
(not to BRG1) if seven instead of eight clusters are made. 
The multivariate distances can also be seen using principal 
component analysis (PCA) with the same set of elements (fig. 
6). None of the samples from Dacia is attributed to BRG1, 
thus confirming the dendrogram14. The other groups are less 

13	 M. Baranowski/M. Daszkiewicz/D. Petrut/G. Schneider, Moesian 
or Dacian Sigillata – A provenance study by WD-XRF and p-XRF). 
In: T. Gluhak/S. Greiff/K, Kraus/M. Prange (eds.), Archäometrie und 
Denkmalpflege 2015. Metalla Sonderh. 7 (Bochum 2015) 95–97.

14	 The PCA used the same set of elements as in 2015 but includes the 
finds together with BRG1, Micăsasa and Cristeşti, instead of PRG, 

clearly separated. The waster of common ware is an outlier 
in the reference group Micăsasa in both approaches. Sample 
BM388 is obviously altered from burial, as demonstrated by 
the high P content; however, this element is not used in the 
calculation. It is identified as an outlier in the dendrogram 
but is less aberrant in the PCA. Regarding the preliminary 
reference groups Micăsasa and Cristeşti, one sample from 
Cristeşti could be attributed to Micăsasa like in the dend-
rogram. The questionable eight finds, however, cannot be 
attributed securely. 

The ambiguous results of multivariate methods gave rea-
son to look again at the original data. All eight questionable 
finds showed lower alumina contents in a biplot of rubidium 
vs. aluminium than the reference groups (fig. 7). At least 
BRG1, PRG and Micăsasa can clearly be distinguished. Such 
a diagram provides sufficient evidence for differentiating 
between groups if errors or alteration effects for thes indivi-

NOV, LEZ and MAV. This causes a different diagram in which now the 
finds are clearly distinguished from BRG1 contradicting the diagram 
published in 2015. Such diagrams therefore do not show an objective 
interpretation. 

Table 3. Lezoux reference group, 2nd century calcareous sigillata (WD-XRF of ignited samples).
a) 	 mean of 18 analyses carried out since 1996 on sherds attributed to Lezoux (including the 

finds from Dacia), 
b) 	mean of 15 samples of sherds found in Heidelberg archaeologically attributed to Lezoux 

(Schneider 1978, see text), 
c) 	 mean of 61 sigillata samples from Lezoux (M. Picon, personal communication 1977), 
d) 	mean of 48 sigillata finds in Lezoux (B. Misonne 2002, see text);
e) 	 mean of measurements by pXRF on fresh fractures of nine Lezoux samples,
f) 	 mean of measurements by pXRF on slip surfaces of nine Lezoux samples 
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dual elements are excluded15. This is certainly the case for 
Al and Rb determined in a powder sample by WD-XRF, but 
certainly not when using pXRF, where the precision for Al is 
very bad because of the low information depth of the long-
waved X-rays in a sherd’s fresh fracture. So, the distinction 
as seen in figure 7 did not work when using pXRF results. 
In this figure we can also see that one sample from Cristeşti 
is more similar to Micăsasa because of its low Rb content 
(the too low Rb is also confirmed by pXRF).

Whilst the groups in fig. 7 are independent of alteration 
effects this is not true for the multivariate calculations which 
used Ba as one of the 18 elements. Because there is a slight 
correlation of the Ba contents with the P contents, this shift 
to higher Ba is certainly caused by alteration during burial16. 
Both element concentrations are generally higher in the sam-
ples from Dacia than in the samples from Moesia (table 1) 
which means that the multivariate separation of the questiona-
ble finds from BRG1 is more obvious. This does not happen 
if we use the same set of elements but exclude Ba (fig. 8). 
Four of the finds from Buciumi and Brâncoveneşti may now 
be attributed to BRG1. The reference groups Micăsasa and 
Cristeşti, however, are separated like in figure 7, with sam-
ple MD5928 from Cristeşti again attributable to Micăsasa. 
The multivariate attribution of this sample is confirmed by 
univariate checking of the original analysis results (table 1). 
Whether this small fragment of local relief-decorated sigillata 
found in Cristeşti was really made in Micăsasa or whether 
the chemical compositions of the groups overlap can only 
be decided once more samples from both production sites 
have been analysed. These analyses should include WD-XRF, 
MGR-analyses and thin-section studies.

4. Conclusions

–	E xploring regional patterns needs secure attribution of 
finds to their places of manufacture. This is easy when 
the groups in question are homogeneous and when their 
chemical differences are large, which is mainly dependent 
on the geological variability of the raw materials. In many 
cases the chemical compositions of provenance groups 
are very similar and cannot be securely distinguished wit-
hout applying additional methods, such as MGR-analysis 
or thin-section studies. 

–	T he basis for determining provenance are secure reference 
groups of precise and accurate chemical data of at least 
18 elements. Therefore non-destructive analyses by pXRF 
with about ten reliably determined elements are insuf-
ficient for defining secure reference groups. Reference 
groups for the more or less high quality sigillata products 
of Butovo, Pavlikeni and Novae have been successfully 

15	 To prove the attribution to a group, however, all elements must be 
compared!

16	 Such alteration effects are discussed by G. Schneider, Mineralogical 
and chemical alteration. In: A. Hunt (ed.), The Oxford Handbook of 
Archaeological Ceramic Analysis (Oxford 2016, forthcoming).

	 established. For Dacia ten analyses of probable local 
products offer a first step in the definition of the Micăsasa 
and Cristeşti reference groups. For Apulum only limited 
data on common wares and clay are available.

–	 Chemical analyses of thirty samples of pottery found in 
Buciumi and Brâncoveneşti easily distinguished fourteen 
long-distance traded imports of sigillata from Lezoux, 
Les Matres de Veyre and La Graufesenque from the rest 
of probably local or regional sigillata and lamps. Imports 
from Moesia could be excluded. 

–	 From the rest of the analysed samples two finds from 
Buciumi and six finds from Brâncoveneşti are regarded 
as regional sigillata of unknown origin. Initial multivariate 
examination of the finds from Buciumi show that they 
are chemically similar to the products from Butovo, but 
their alumina content is significantly lower so that this 
provenance is excluded. This is also true of the finds from 
Brâncoveneşti, for some of which a provenance from 
Cristeşti cannot be excluded securely but more samples 
have to be studied especially from Cristeşti. This would 
be the nearest sigillata workshop. Micăsasa is excluded 
in view of the rubidium contents.

–	E ight further finds could not be classified. All of them 
differ from the eight previous samples of very probably 
Dacian origin in having lower magnesium levels. Three 
are made from highly calcareous clay (including one Goe-
thert type XIX lamp), four are made from non-calcareous 
clay (including one Loeschcke type IX-X lamp). For these 
samples provenances may later be found when more 
reference groups of Dacian pottery are known.

–	 Difficult cases of provenance determination occur when 
within a limited region, which may be small or large, 
the chemical differences between reference groups are 
small and not all possible necessary reference groups are 
known. This is the case with the finds from Buciumi and 
Brâncoveneşti, where the reference groups for workshops 
in Dacia are not all known. 

–	T here is also a methodological problem. Multivariate 
methods yield results depending very much on the set of 
elements (attributions) and on the samples (objects) used 
in the classification, and thus conclusions only based on 
multivariate calculations are not objective. The examples 
cited herein show that contradicting interpretations are 
possible. When publication of dendrograms or diagrams 
obtained by principal component analysis or by discri-
minant analysis replaces publication of the original data, 
the conclusions presented can either be believed or dis-
believed. A critical review is impossible in this situation. 
When analytically insufficient data, such as e.g. those 
obtained by pXRF, are used this becomes an even more 
important issue.
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Fig. 5. Dendrogram of cluster analysis of finds from Buciumi and Brâncoveneşti compared to reference groups (logged 
WD-XRF data of  Si, Ti, Al, Fe, Mn, Mg, Ca, Na, K, V, Cr, Ni, Zn, Rb, Sr, Y, Zr, Ba, average linkage).

Fig. 6. Principal component analysis of the chemical composition of the analysed finds using the same elements as in fig. 5.
Fig. 7. Bivariate scatterplot of rubidium vs. aluminium for finds from Buciumi and Brâncoveneşti compared to reference 

groups Butovo (squares), Pavlikeni (rhombs), Micăsasa (orange triangles) and Cristeşti (blue triangles).
Fig. 8. Principal component analysis of the chemical composition of the analysed finds using the same data as in Fig. 6 but 

without Ba.
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