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This paper aims at presenting an overview on archaeometric 
analyses of Roman pottery from sites in Germania Inferior 
and neighbouring Roman provinces carried out since 1975 
at the Free University of Berlin (FUB). All pottery samples 
have been analysed using wavelength-dispersive X-ray 
fluorescence (WD-XRF). Many samples have also been 
studied in thin-section and by MGR-analysis1. All data from 
these chemical analyses are recorded in the same format and 
collected in a database which is currently being prepared as 
a web-portal. There are two reasons to do this now. Firstly, 
many of the data available in Berlin have not been published 
with the detailed data of all sherds analysed, or they are less 
easy to find than it is now made possible using the internet. 
Secondly, the rapidly growing use of portable X-ray fluores-
cence (pXRF) as a tool for limited but fast chemical analysis 
of ceramics needs accurate data for comparison when the 
chemical compositions will be used to determine provenances 
of pottery samples. 

Reference groups, accuracy and precision

Laboratory analysis is a powerful tool for classifying ar-
chaeological ceramic finds according to their material and 
technology. Chemical analysis certainly plays a major role 
in defining the composition and properties of a ceramic 
material, even when it does not always provide a complete 
picture2. Nevertheless, the following discussion will be limit-
ed to chemical analysis by WD-XRF. The first preconditions 
for using chemical data are precise and accurate analyses. 
Data from different labs by other techniques (e.g. by NAA 
or by ICP-MS) can be compared if precision and accuracy 
for every individual chemical element is known. Using this 
information and, if a sufficient number of significant elements 
is determined, the interpretation of the data will lead to the 
same result3.

The determination of provenances, besides reliable data, 
requires comparison with analysed samples of known prov-
enances (reference groups). The significance of reference 
groups determines the security of attributions to a workshop 
or manufacturing area, to a geological region or to archae-

1	 Daszkiewicz/Schneider 2001.
2	 Daszkiewicz et al. 2009; 2012. 
3	 Schneider/Mommsen 2009.

ologically defined groups e.g. of local or imported pottery4. 
Reference groups could be: 
– � workshop finds such as kilns, potter‘s tools, moulds, true 

wasters5, unfired vessels,
– � geological clay samples (thin-sections and firing tests 

are essential),
– � local groups based on archaeological arguments, e.g. on 

typology, frequencies,
– � chemically homogeneous groups with hypothesized 

geographical attribution.

Example 1: Attribution of finds of Italian sigillata to 
their places of origin

Among the first pottery analysed by WD-XRF was Italian 
sigillata from Arezzo, Pisa and Lyon found in Germania Infe-
rior6. The composition of sigillata from Arezzo as a reference 
group and the attribution of finds were discussed in various 
labs7. This was continued with the aim of attributing varieties 
of stamps on vessels to specific workshops8. The calcium 
content of the typically calcareous sigillata in Arezzo differs 
in the workshops of Ateius and those of most of the other 
potters due to different recipes (fig. 1). From the variation of 
other elements, it can be concluded that this must stem from 
variation of the calcium content in the local clay, of which, 
however, the present author only received one non-calcareous 
sample for analysis in 1978. Interestingly, the analysed clay 
sampl,e as well as the fakes of Arretine moulds found in many 
museums around the world, can be attributed to a production 
in Arezzo, and can be identified by their lower calcium levels, 
which are inconsistent with the antique technological tradition 
of using calcareous clay for gloss pottery9.

Of the chemically analysed finds of Italian sigillata 
in Germania Inferior – Vechten (H. Kars), Velsen (S. van 
Lith), Nijmegen (J. K. Haalebos), Haltern and Oberaden (B. 
Rudnick), and Anreppen (B. Tremmel) – only some results 
have been published10. Various papers discuss the altera-

4	 Schneider et al. 1979.
5	 Daszkiewicz/Bobryk 1998.
6	 Lasfarques/Picon 1982.
7	 e.g. Picon et al. 1971; Maggetti/Galetti 1986; Schneider/Hoffmann 

1990. 
8	 e.g. Schneider/Daszkiewicz 2006a; b.
9	 Hoffmann 1990.
10	 Schneider 2006.
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tion effects (caused by the burial of sherds in soil) which 
make attributions of analysed sherds more difficult11. The 
composition of sigillata from Arezzo found in the Northern 
Roman provinces may differ by absorption of phosphorus 
and barium and leaching of alkaline elements and calci-
um12. Another problem is distinguishing between products 
from Arezzo and those from Pisa which differ mainly in a 
tendency to higher potassium values13, not sufficient for a 
secure distinction of all analysed samples. Puteolana, too, 
is mainly distinguishable from Arezzo by somewhat lower 
titanium and magnesium values. In such cases, fast analysis 
by pXRF certainly is not sufficient for secure attributions 
of all samples.

Example 2: Reference groups of Terra Sigillata made in 
Germania Inferior, Germania Superior and Belgica

A list of the sites of sigillata manufacture which have been 
confirmed by chemical analyses is given in figure 2. For 

11	 e.g. Lasfarques/Picon 1982; Schneider/Daszkiewicz 2006a.
12	 Schneider 2015.
13	 Thilhard 1998.

most of these workshops, the late Maurice Picon had already 
analysed reference samples by WD-XRF in the 1970s in 
Lyon, though at the time he was, unfortunately, only able 
to determine eight major elements. We are indebted to him 
for making available to us many of his unpublished data for 
comparative purposes. For some sites these data are still the 
only ones. After our first detailed study of the ceramic pro-
duction in Rheinzabern14 we collected data through the years 
also for other manufacturing centres (e.g. for Sinzig)15. A 
joint project with a group of archaeologists needed reference 
groups to establish where the Roman potter Cintugnatus had 
worked and if the workshops are connected with the type and 
size of stamps16. Rheinzabern, Sinzig, Haute-Yutz or Metz 
and Lavoye have now been identified as possible produc-
tion centres, with a further two as yet unknown locations. 
Heiligenberg17 could not be confirmed until now by chem-
ical analysis. A sherd found in Colchester was attributed to 
Haute-Yutz or Metz. It was not locally made because analysed 
sigillata from Colchester differs significantly in composition. 

14	 Schneider 1978; Daszkiewicz et al. 2001.
15	 Daszkiewicz et al. 2003.
16	 Zetsche 2012.
17	 Biegert 1999b.

Fig. 1. Arezzo reference group: calcium and magnesium contents in sigillata from Ateius and Perennius (finds in Arezzo), 
and in fakes of moulds in the Loeb Collection (Antikensammlung Munich) compared to modern Arezzo clay.
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The distinction between Haute-Yutz and Metz, however, is 
still an open question18.

The quality of the reference groups varies significantly. 
Whilst at some sites, such as Rheinzabern, sigillata and other 
pottery, moulds, workshop finds, and local clay sources have 
been sampled, at other sites a selection of only five to ten 
purported local sigillata sherds have been analysed. However, 

18	 Weiss-König 2011.

if the data show a homogenous group, they provide an initial 
indication that their composition could be distinguished from 
the other reference groups. Avocourt and other sigillata pro-
duction sites in the Argonnen, as well as Rheinzabern and 
Trier, are important as reference groups for the attribution 
of late sigillata finds19. 

19	 Schneider 1992; 1993; 2005.

Fig. 2. Available reference groups of sigillata manufacturing centres in Germania Inferior, Germania Superior and Belgica.

Fig. 3. Dendrogram of analyses by non-destructive pXRF of gloss surfaces of sherds from seven reference groups of sigillata 
(logged data, average linkage, elements used Ti, Fe, Mn, Ca, K, V, Cr, Zn, Rb, Sr, Zr).
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Sigillata from Boucheporn, Blickweiler, Heiligenberg, La 
Madeleine, Chemery, Mittelbronn and Eschweiler Hof can 
securely be distinguished from each other by WD-XRF (and 
by MGR-analysis). We therefore took some sherds previously 
analysed by WD-XRF as examples to test the possibilities of 
fast analyses by p XRF. Firstly, measurements of fresh breaks 
were made using the available WD-XRF references for the 
provenances and own calibration of pXRF. Using the concen-
trations of thirteen elements determined at the fresh breaks 
the provenances of 32 sherds were identified with only one 
misclassified sample. Non-destructive pXRF measurements 
of the gloss surfaces also securely distinguished the sherds 
from the seven reference groups with the exception of three 
samples from Heiligenberg which were attributed to a mixed 
group with Blickweiler (fig. 3). However, these results were 
only obtained because as examples we had chosen reference 
groups which according to the already available WD-XRF 
analyses differ significantly in the elements securely deter-
mined by pXRF.

Example 3: Reference groups of Roman common  
pottery in the lower Rhine valley

The situation for common pottery differs significantly from 
the situation for sigillata. Here the number of production sites 
is much larger, the distribution of the products is more limited, 
and raw material and technology are less standardized. Many 
of the reference groups have been established in cooperation 
with Susanne Biegert and Bernd Liesen. The analyses for the 
seven sites Neuss, Köln, Soller, Bonn, Weißenthurm, Worms, 
and Speyer were published in 2002 including a short chapter 
on the technique of analysis20. These data will be the first 
series to be included in a web-based database to be established 

20	 Biegert et al. 2002.

in Berlin, which will be continuously extended by later un-
published and published data21. Larger series of analyses have 
been collected over the years for other sites. These data have 
been collated as part of doctoral theses or projects in the lab 
of the Arbeitsgruppe Archaeometrie FUB and include anal-
yses of local pottery from Xanten22, Mainz23, Frankfurt and 
sites in the Wetterau24, from Ladenburg25, and Heidelberg26. 
For various sites also Roman lamps27 and bricks28 have been 
analysed and so additionally support or extend the reference 
groups for common ware. This overview, however, is not 
complete at all and merely provides some examples.

The database is being developed by Gerwulf Schneider, 
Malgorzata Daszkiewicz, Dominik Lukas and Kerstin Brose. 
Besides the composition of the ten major elements, losses 
on ignition and up to fifteen trace elements determined by 
WD-XRF will be completed with relevant archaeological 
information on the analysed samples (laboratory code, date 
of sampling, publications, findspot, museum). Further lab-
oratory studies, such as thin-sections and MGR-analysis, 
will be mentioned and as far as possible linked to external 
references. Work is underway to transfer already existing 
analysis data from the last decades into the database, which 
will reside on the internet, consisting of a PHP-frontend and 
the PostGreSQL database management system. Within this 
framework, all data will be addressed via persistent identi-
fiers and stored for long-term accessibility. By using spatial 
gazetteers like Geonames and Pleiades geospatial referencing 
of the datasets is made possible. The administration of new 
analysis, the integration with further external data as well 
as the actual development of the system is organised by the 
Excellence Cluster Topoi of FUB and HUB.

schnarch@zedat.fu-berlin.de

21	 e.g. Köln: Schneider et al. 2004; Schneider 2009.
22	 Liesen 1994.
23	 Heising 2007. 
24	 Schneider 1988; Biegert 1999; Biegert/Schneider 2003.
25	 Schneider 2002.
26	 Biegert 1999a; Biegert et al. 2005; 2009.
27	 Schneider 2014.
28	 e.g. Dolata 2007.



421

Chemical data of Roman pottery in Germania Inferior and beyond

Bibliography

Bartel et al. 2009	 H.-G. Bartel/J. Dolata/H.-J. Mucha, Klassifikation von 613 Proben als Referenzen für die Herstel-
lungsprovenienzen römischer Baukeramik im nördlichen Obergermanien. Mainzer Arch. Zeitschr. 8, 
2009, 51–76.

Biegert 1999a	 S. Biegert, Römische Töpfereien in der Wetterau. Schr. Frankfurter Mus. Vor- u. Frühgesch. 15 
(Frankfurt a.M. 1999).

Biegert 1999b	 Ead., Chemische Analysen zu glatter Sigillata aus Heiligenberg und Ittenweiler. In: B. Liesen/U. Brandl 
(eds.), Römische Keramik – Herstellung und Handel. Kolloqium Xanten 15.–17.6.2000. Xantener Ber. 
13 (Mainz 2003) 7–28.

Biegert/Schneider 2003	S . Biegert/G. Schneider, Chemische Analysen Heldenberger Keramik. In: W. Czysz, Heldenbergen 
in der Wetterau – Feldlager, Kastell, Vicus. Limesforschungen 27 (Mainz 2003) 332–336.

Biegert et al. 2002	S . Biegert/B. Liesen/G. Schneider, Keramik-Referenzgruppen römischer Töpfereien in Nieder- und 
Obergermanien. Berliner Beitr. Archäometrie 19, 2002, 5–29.

Biegert et al. 2005	S . Biegert/M. Helfert/A. Hensen/G. Schneider, Gräberfelder und Wirtschaftsarchäologie – Neue 
Untersuchungen zur Keramik aus Heidelberg. RCRF Acta 39, 2005, 39–52.

Biegert et al. 2009	S . Biegert/M. Helfert/G. Schneider, Geochemische Analysen römischer Keramik aus Heidelberg. In: 
A. Hensen, Das römische Brand- und Körpergräberfeld von Heidelberg 1. Forsch. u. Berichte Vor- u. 
Frühgesch. Baden-Württemberg 108 (Stuttgart 2009) 69–78.

Daszkiewicz/Bobryk 1998	 M. Daszkiewicz/E. Bobryk, Untersuchung und Charakterisierung von „Fehlbränden“. In: Archäometrie 
und Denkmalpflege. Jahrestagung des Arbeitskreises Archäometrie Würzburg 1998. Kurzberichte 
(Würzburg 1998) 90–92.

Daszkiewicz/Schneider 2001	 M. Daszkiewicz/G. Schneider, Klassifizierung von Keramik durch Nachbrennen von Scherben. Zeitschr. 
Schweizer. Arch. u. Kunstgesch. 58, 2001, 25–32.

Daszkiewicz et al. 2001	 M. Daszkiewicz/G. Schneider/E. Bobryk, Technologische Untersuchungen zur Keramik von Rhein-
zabern. In: M. Frey/N. Hanel (eds.), Beiträge der Arbeitsgemeinschaft „Römische Archäologie“ auf 
dem 3. Deutschen Archäologenkongress in Heidelberg, 25.5.-30.5.1999. BAR International Series 
929 (Oxford 2001) 59–71.

Daszkiewicz et al. 2003	 M. Daszkiewicz/B. Liesen/G. Schneider, Chemische und technische Analysen an Terra Sigillata aus 
Sinzig. In: B. Liesen/U. Brandl (eds.), Römische Keramik – Herstellung und Handel. Kolloqium 
Xanten 15.–17.6.2000. Xantener Ber. 13 (Mainz 2003) 29–38.

Daszkiewicz et al. 2012	 M. Daszkiewzc/G. Schneider/E. Bobryk, Wozu brauchen wir kombinierte Methoden für Kerami-
kanalysen? In: F. Schlütter/S. Greiff/M. Prange (eds.), Archäometrie und Denkmalpflege Jahrestagung 
des Arbeitskreises Archäometrie Tübingen 2012. Metalla Sonderh. 5 (Bochum 2012) 160–162.

Daszkiewicz et al. 2009	 M. Daszkiewicz et al., Possibilities and limitations of macroscopic determination of pottery fabrics 
in the field. In: K. T. Biró et al. (eds.), Vessels Inside and Outside. Proceedings 9th European Meeting 
in Ancient Ceramics EMAC’07, Budapest, 24–27 October 2007 (Budapest 2009) 29–36.

Dolata et al. 2003	 J. Dolata/H.-J. Mucha/H.-G. Bartel, Archäologische und mathematisch-statistische Neuordnung der 
Orte römischer Baukeramikherstellung im nördlichen Obergermanien. In: B. Liesen/U. Brandl (eds.), 
Römische Keramik – Herstellung und Handel. Kolloqium Xanten 15.–17.6.2000. Xantener Ber. 13 
(Mainz 2003) 381–409.

Heising 2007	A . Heising, Figlinae Mogontiacenses – Die römischen Töpfereien von Mainz. Ausgr. u. Forsch. 3 
(Remshalden 2007) [=Diss. Univ. Freiburg i. Br. 1999].

Hoffmann 1990	B . Hoffmann, Zur chemischen Analyse einiger Fälschungen, Anhang III. In: F. P. Porten Palange, 
Fälschungen aus Arezzo. Die gefälschten arretinischen Punzen und Formen und ihre Geschichte. 
Jahrb. RGZM 37, 1990, 649–652.

Huld-Zetsche 2012	I . Huld-Zetsche, Der Wandertöpfer CINTVGNATVS. In: D. Bird (ed.), Dating and interpreting the 
past in the Western Roman Empire. Essays in honour of Brenda Dickinson (Oxford 2012) 107–111.

Lasfarques/Picon 1982	 J. Lasfarques/M. Picon, Die chemischen Untersuchungen. In: S. von Schnurbein, Die unverzierte 
Terra Sigillata aus Haltern. Bodenalt. Westfalen 19 (Münster 1982) 6–21.

Liesen 1994	B . Liesen, Töpfereischutt des 1. Jahrhunderts n. Chr. aus dem Bereich der Colonia Ulpia Traiana 
(Schnitt 76/20). Xantener Berichte 4 (Köln 1994).

Picon et al. 1971	 M. Picon/M. Vichy/E. Meille, Compostion of the Lezoux, Lyon and Arezzo Samian Ware. Archaeo-
metry 13, 1971, 191–208.

Maggeti/Galetti 1986	 M. Maggetti/G. Galetti, Chemischer Herkunftsnachweis der „Schwarzen Sigillata“ vom Magdalens-
berg. Magdalensberg-Grabungsber. 15, 1986, 391–247.

Schneider 1978	G . Schneider, Anwendung quantitativer Materialanalysen auf Herkunftsbestimmungen antiker Keramik. 
Berliner Beitr. Archäometrie 3, 1978, 63–122.



422

Gerwulf Schneider, Chemical data of Roman pottery in Germania Inferior and beyond

Schneider 1988	I d., Chemische Zusammensetzung römischer Keramik im Rhein-Main-Gebiet. Schr. Frankfurter Mus. 
Vor- u. Frühgesch. 10 (Bonn 1988) 303–327.

Schneider 1992	I d., Chemische Untersuchungen römischer Gebrauchskeramik aus Langenhain. In: H.-G. Simon/H.-J. 
Köhler, Ein Geschirrdepot des 3. Jahrhunderts. Grabungen im Lagerdorf des Kastells Langenhain. 
Mat. Röm.-Germ. Keramik 11 (Bonn 1992) 179–183.

Schneider 1993	I d., Chemische Analysen Trierer Sigillata aus den Depotfunden in Langenhain und Echzell. In: I. 
Huld-Zetsche, Trierer Reliefsigillata – Werkstatt II. Mat. Röm.-Germ. Keramik 12 (Bonn 1993) 65–68. 

Schneider 2002	I d., Chemische und mineralogische Zusammensetzung römischer und germanischer Keramik aus 
Ladenburg. In: G. Lenz-Bernhard, Lopodunum III. Die neckarswebische Siedlung und Villa Rustica 
im Gewann „Ziegelscheuer“– Eine Untersuchung zur Besiedlungsgeschichte der Oberrheingermanen. 
Forsch. u. Ber. Vor- u. Frühgesch. Baden-Württemberg 77 (Stuttgart 2002) 617–644.

Schneider 2005	I d., Chemische Analysen von Funden später Terra Sigillata aus Rheinfelden-Augarten West. In: M. 
Asal, Ein spätrömischer Getreidespeicher am Rhein. Die Grabung Rheinfelden-Augarten West 2001. 
Veröff. Ges. Pro Vindonissa 19 (Brugg 2005) 74–78. 

Schneider 2006	I d., Herkunftsbestimmung von Terra Sigillata aus Haltern und Oberaden. In: K. Roth-Rubi et al. (eds.), 
Varia Castrensia – Haltern, Oberaden, Anreppen. Bodenalt. Westfalen 42 (Münster 2006) 163–169.

Schneider 2009	I d., Chemische Analysen Kölner Bildlampen. In: Eva-Maria Cahn, Die römischen Bildlampen aus 
Köln. Kölner Jahrb. 42, 2009, 383–388.

Schneider 2011	I d., Materialanalysen. In: S. Weiss-König, Reliefsigillata der ersten Gruppe aus Metz. Xantener Ber. 
20 (Mainz 2011) 109–115. 

Schneider 2014	I d., Chemische Analysen von Firmalampen und von Lampen in Wetterauer Ware in Frankfurt. In: I. 
Huld-Zetsche, Die Lampen aus den römischen Töpfereien von Frankfurt am Main-Nied. Schr. Arch. 
Mus. Frankfurt 25 (Frankfurt 2014) 35–50.

Schneider 2015	I d., Mineralogical and chemical alteration. In: A. Hunt (ed.), The Oxford Handbook of Archeological 
Ceramic Analysis (in press).

Schneider/Daszkiewicz 2006a	 Id./M. Daszkiewicz, Chemische Analysen zum Tafelgeschirr aus dem Militärlager von Dangstetten. 
In: K. Roth-Rubi, Dangstetten III. Das Tafelgeschirr aus dem Militärlager von Dangstetten. Forsch. 
u. Ber. Vor- u. Frühgesch. Baden-Württemberg 103 (Stuttgart 2006) 169–193.

Schneider/Daszkiewicz 2006b	 Id., Chemical analysis of Italian Sigillata from Italy and from the Northern Provinces. In: D. Malf-
itana/J. Poblome/J. Lund (eds.), Old Pottery in a New Century. Innovating perspectives on Roman 
Pottery Studies. Atti del Convegno Internazionale di Studi, Catania, 22–24 Aprile 2004 (Catania 2006) 
537–543. 

Schneider/Hofmann 1990	G . Schneider/B. Hoffmann, Chemische Zusammensetzung italischer Sigillata. In: E. Ettlinger et al., 
Conspectus formarum terrae sigillata Italico modo confectae. Mat. Röm.-Germ. Keramik 10 (Bonn 
1990) 27–38.

Schneider/Mommsen 2009	G . Schneider/H. Mommsen, Eastern Sigillata C von Pergamon und Çandarlı (Türkei). In: A. 
Hauptmannn/H. Stege (eds.) Archäometrie und Denkmalpflege. Jahrestagung des Arbeitskreises 
Archäometrie München 2009. Kurzberichte. Metalla Sonderh. 2 (Würzburg 2009) 223–225.

Schneider et al. 1979	G . Schneider/B. Hoffmann/E. Wirz, Significance and dependability of reference groups for chemical 
determinations of provenance of ceramic artifacts. Archaeo-Physika 10, 1979, 269–283.

Schneider et al. 2004	 G. Schneider/M. Daszkiewicz/C. Höpken, Die chemische Zusammensetzung der Keramik aus Kölner 
Töpfereien. Kölner Jahrb. 37, 2004, 489–494.

Thilhard 1998	 J. L. Tilhard, Les fouilles de “Ma Maison”. Étude sur Saintes Antique. Aquitania Suppl. 3 (Bordeaux 
1998).

Widemann et al. 1975	 F. Widemann et al., A Lyons branch of the pottery-making firm of Ateius of Arezzo. Archaeometry 
17, 1975, 45–59.




