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Abstract: Firmalampen and other ceramics from potters’ workshops in Aquincum and Intercisa have been analysed by WD-XRF to
establish reference groups for local products. The data were used to distinguish local and imported objects. Firmalampen with
stamps of local names and with names from lampmakers in Modena have been locally made at both sites, imports were from
Carnuntum, Poetovio and Modena. Moulds are not necessarily locally made.
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INTRODUCTION

The paper aims at characterizing local lamp production in
Aquincum and Intercisa, two important Roman sites in
Hungary. Finds of moulds indicate a local production of
lamps. Can chemical analyses of these moulds prove their
local production? How is this production connected to the
production of other pottery types and, if there are imports
of lamps, where did they come from? The chemical
analyses should give new information on the organization
of production and distribution of Firmalampen and to
compare the results with studies of such lamps from other
Roman sites1.

AQUINCUM

Potters’ tools and other finds from various workshop areas
with potters’ kilns in Aquincum were analyzed to establish
a local reference group for provenance determination by
chemical analysis. The excavated kiln sites date from the
end of the 1st century to the middle of the 3rd century AD.
The eastern industrial quarters of the civil town, the so
called Gas Factory workshops, were believed to have been
the place where terra sigillata was produced by the potter
PACATVS. The workshops were shortly described by P.
Zsidi (1992). Part of our analyses was used by Zsidi (2003)
to discuss North Italian influences on the production of
Firmalampen in Aquincum2, also including a short
description of the pottery workshops.

Chemical analysis was carried out by wavelength-
dispersive X-ray fluorescence spectroscopy3. The analysed
samples both from Aquincum and Intercisa are listed in
Table 1. This table also shows to which chemical group
the samples finally are attributed using multivariate cluster
analysis and bivariate diagrams (e.g. Fig. 1). The
individual data are given in Table 2 to offer a possibility to
attribute later analyses. The precision may be demonstrated

by two analyses which later turned out to be fragments of
the same mould (Table 3: C329, C321).

In spite of a large variation in calcium contents the samples
from Aquincum with few exceptions may be attributed to
one chemical group: Aquincum A (Fig. 1). In Table 4 the
means, standard deviations and coefficients of variation
(relative standard deviation in per cent) of the elemental
concentrations are given. These were calculated after
having removed some very differing values especially in
cases where the deviating contents with a high probability
are caused by secondary changes during burial of the
sherds in the ground (e.g. P, Ba, Mn, Zn). The trace
elements in brackets were determined only in samples
exceeding one gram and with poor precision. In Table 3,
however, the mean values are included to offer information
for comparisons of data.

Fig. 1 Variation of calcium and zirconium of samples
from Aquincum and Intercisa. Circles represent finds in
Aquincum (respectively Intercisa) produced in Intercisa
(respectively Aquincum) or Carnuntum.
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Table 1 Analysed samples from Aquincum, Salla and Intercisa and their attribution to chemical groups. Catalogue
numbers of published objects are given in the second column (Gas Factory, kilns 1 and 2: Póczy and Zsidi 1992; other
samples from Aquincum: Zsidi 2003; Salla: Pongrácz 1990; Intercisa: Ujlaki Pongrácz 2006).
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Table 1, continued
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Table 1, continued

Subgroups within the group Aquincum A concluded from
cluster analysis may be distinguished. These subgroups
are mainly based on the largely varying calcium contents
and, as well as the extremely low or high calcium
contents, could not be interpreted in archaeological terms.
They were therefore not regarded to be significant in
terms of workshops or vessel types. Clay with varying
calcium content probably was taken by the Roman potters
accidentally from the same clay deposit. The combined
group Aquincum A comprises workshop finds of potters’
tools and three clay samples taken from workshops in the
south of Buda some kilometres from Aquincum. One
sample of a kiln wall (C302) does not match at all and
another one (303d) has an aberrant zirconium content
(Fig. 1). It is proved by the chemical data that two
stamped bricks, as well as a mould for a lamp and one of
the analysed lamps found in Intercisa turned out to have
been made in Aquincum.

The potter’s workshop in Aquincum often was identified
as that of Pacatus. Two analysed moulds for terra sigillata
with the stamp of this potter, however, showed a non-
calcareous composition clearly differing from the
calcareous clay of the other Aquincum ceramics. It also
differs significantly in the concentrations of other
elements (e.g. Ti, Na, Zr; Fig. 1). The use of non-
calcareous clay in a sigillata workshop is unusual as
shown from other centres of sigillata production, e.g.
Arezzo, Lyon, La Graufesenque or Rheinzabern. The
typical clay used for terra sigillata, also used for making
the moulds, is calcareous with CaO contents between
about 6 and 15%. Another analysed mould from
Aquincum, also made from this non-calcareous clay, is
stamped MAXIM. The composition of this non-
calcareous Aquincum B reference group is similar to that
of the local lamps made in Intercisa if zirconium is not
regarded (Table 2; Fig.1). This difference in zirconium,
however, is certainly significant and does not allow the
attribution of the three stamped objects to a workshop in
Intercisa. It is very probable that in Aquincum the clay

used by Pacatus for geological reasons may be similar to
that available in Intercisa and geologically differs from
the calcareous clay mainly used by the potters in
Aquincum. From the limited number of our analyses it
can not be said if the three moulds only represent a minor
local reference group but it is clearly shown that potters
in the Gas Factory workshop used at least two differing
clays.

Eight samples of mortaria and jars from two kilns in the
Gas Factory potter’s settlement also had been analysed in
a larger series by Balla et al. (1999) using neutron
activation analysis. These eight analyses differ from each
other in the same way as the most different samples
within group Aquincum A and the analyses fall into the
three subgroups which eventually may be distinguished.
This means that the finds from the Gas Factory can not be
distinguished from other workshop finds from Aquincum
analysed by us, thus contradicting Balla et al. (ibid.) who
found significant differences between mortaria from the
Gas Factory workshops and other finds of mortaria in
Aquincum4.

FIRMALAMPEN

For 25 of the analysed samples the result in
archaeological terms was already discussed by P. Zsidi
(2003)5. From another point of view, here some
additional remarks may be made. Out of the six moulds
for such lamps one clearly does not match the local
composition and very probably represents an import thus
showing that the interpretation of finds of moulds has to
be handled with care and not always can be taken as
evidence for local production. On the other hand, the
mould with a stamp of Ursulus, who was the main potter
producing Firmalampen in Poetovio (Daszkiewicz &
Schneider 1999), is locally made in Aquincum indicating
some kind of connection (Zsidi 2003, p.204). The North
Italian names on lamps in Aquincum demonstrate such a
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Table 2 Results of chemical analyses by WD-XRF, valid for ignited samples.
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Table 2, continued

connection with Modena. The stamps, however, can not
prove an authorized local branch workshop e.g. of the
lampmaker Fortis having his major workshop in Modena
(Schneider 1993).

Some of the lamps of Fortis and other North Italian
lampmakers in Aquincum by chemical analysis were
detected as imports from Modena, Carnuntum and
Poetovio.

Lamps stamped with the same names not necessarily
indicate the same provenance as may show the analysed
two lamps of Lucius, a potter known from Poetovio. One
of these two lamps was made in Poetovio (E679) but the
other one (E682) was made in Aquincum. The same
name appears also on a mould (C333) made in
Aquincum6.

The lamps were more or less randomly sampled without
hypotheses of their provenances. Their number may be
taken as rough estimation on the relation of imports to
local lamps. Lamps made in Modena can mostly be
recognized without chemical analyses by their quality,
their typical red colour and their missing slip and they
therefore were not sampled for analysis. So the only one
analysed lamp (E344), already before analysis
hypothesized as originating from Modena, does not
represent the quantity of those imports.

INTERCISA

The analysed objects were illustrated and published in the
catalogue published by Zs. Ujlaki Pongrácz (2006). Her
numbers are included here in Table 1.
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Table 3 Means, standard deviations and coefficients of variation of the reference groups Aquincum, Intercisa,
Carnuntum and Poetovio.

Moulds for Firmalampen have not been found in
Intercisa. However, three moulds for other types of lamps
and two stamped bricks were analysed. The composition
of these five samples differs significantly from that of the
analysed Firmalampen from Intercisa. Therefore, a
reference group for the local ceramics in Intercisa was
established using the major compositional group of
Firmalampen. This group includes all lamps with stamps
Victor or Victoria and those from BAEB, which were
believed to be local in Intercisa. Based on this assumption
only the chemical group can be regarded as the local
reference group.

The variation in calcium contents is very large (Fig. 1).
Looking at other elements the group is quite
homogeneous and clearly distinguishable from other
groups of Firmalampen or pottery. In spite of the large
variation of calcium from 1.5 to 8 % CaO the mean was
calculated (Table 3). The very high coefficient of
variation for calcium (67 %), however, indicates a non
normal distribution. On the other hand, in many clay
deposits calcium contents are largely varying and
different contents do not necessarily prove a different
geographic provenance.

Two stamped bricks and one mould for a lamp represent
imports from Aquincum. Two other moulds have a very
special composition with silica content much higher than
in all analysed lamps or pottery from the region. The
remaining elements therefore must have lower values
compared to the reference group (dilution by silica)7.
Probably these moulds were made from the same clay but
with additional temper from quartz. This should be
verified by thin section studies.

IMPORTS

Both in Aquincum and in Intercisa some of the
Firmalampen could not be attributed to the local
reference groups. Their provenance could be determined
using available data from other lampmaking centres in
Pannonia. In Fig. 1 the samples not belonging to the local
products are shown as circles. The imports from Poetovio
are not included in the diagram because there is too much
overlapping. These imports from Poetovio can easily be
distinguished considering other elements e.g. titanium
and magnesium (Table 2). Two samples from Aquincum
lie within the field of Intercisa and four samples from
Intercisa are within the Aquincum field (Fig. 1). The
other non-matching samples form a homogeneous group
corresponding to a production in Carnuntum.

Detected from our limited data it seems that besides
Modena only Carnuntum and Poetovio were of
importance as exporting lampmaking centres in Pannonia.
In Carnuntum two different clays have been used (Sauer
& Gassner 1991) resulting in a reference group (B) of
calcareous lamps and pottery and a second reference
group (A) of non-calcareous lamps (Table 3). The
calcareous reference group includes two analyses of
geological clay samples and one unfired sherd found in a
kiln. The non-calcareous reference group besides
Firmalampen includes only one pottery sherd from
Carnuntum8. The reference group for lamps made in
Poetovio is published by Daszkiewicz and Schneider
(1999).

The chemical difference between the calcareous lamps
from Aquincum and the calcareous reference group from
Carnuntum is small but sufficient to separate the two
groups by means of multivariate methods. None of the
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imported lamps in Aquincum belongs to the calcareous
Carnuntum group. The lamps imported from Carnuntum
bear names of lampmakers known to have worked in
Modena (Fortis, Cresces, QGC). One of the two analysed
Firmalampen from Salla/Zalalövő published by Pongrácz
(1990, cat.nr. 275, a lamp stamped Vibius) turned out to
be an import from Carnuntum. The question is whether
these imports represent workshops making illegal copies
of North Italian lamps can not be answered by chemical
analyses and may only be made unlikely on a larger
database.

In Aquincum the two imported Firmalampen from
Poetovio were stamped Fortis and Lucius. A lamp with
stamp L. Narius, one of the two lamps analysed from
Salla (Pongrácz 1990, cat.nr. 33), was also identified as
an import from Poetovio. One Firmalampe with stamp
Cresces (E676) could not be attributed to any of the
reference groups available to us. This is also true for one
mould for a Firmalampe (C340) made from calcareous
clay with low potassium and rubidium contents and
certainly also representing an import in Aquincum. A kiln
wall with an exceptional high magnesium content (C302)
and a non-calcareous grey clay sample (C303c) differ
from Roman ceramics in Aquincum.

CONCLUSIONS

The analysed pottery and Firmalampen yielded
significant reference groups for the ceramics made in
Aquincum and Intercisa, which can easily be
distinguished e.g. from the reference groups Modena,
Carnuntum and Poetovio (Table 3). These latter
reference groups were used to detect imports in
Aquincum, Intercisa and Salla. Ceramics produced in
Aquincum included moulds for various objects including
lamps and Firmalampen with names of potters known to
have worked in Modena. In Intercisa the Firmalampen
formed a local reference group to which moulds found in
Intercisa could not be attributed. Two stamped bricks and
one of the moulds for a lamp found in Intercisa have been
made in Aquincum thus demonstrating the limited value
of such finds to establish a local reference group. Two
other moulds in Intercisa were probably locally made but
from a raw material with higher silica content and thus
significantly differ from all analysed local lamps.

A similar case was detected in Aquincum where a mould
for a lamp and the two analysed moulds, believed to
prove a local terra sigillata production of Pacatus, were
made from non-calcareous clay which, as long as our
analyses are regarded to be representative, had not been
used for other pottery and lamps in Aquincum. These
three objects may be the first indication of a second
reference group Aquincum B. Was this clay used to make
sigillata from Pacatus for which chemical data are not yet
available? The moulds had been found in the same
surrounding of the Gas Factory potters’ workshop as the

other analysed pottery. Why two different raw materials
had been used and why a non-calcareous clay was used in
a sigillata workshop where calcareous clay is the usual
and better choice? Beyond that, in spite of a large
variation in composition, the chemical analyses did not
allow to distinguish kilns or workshop areas in
Aquincum.

In Intercisa all lamps believed to be local showed similar
composition and are taken as the reference group for local
production. The two analysed moulds do not prove this
local production because their chemical composition,
probably because of different temper, does not match that
of the local lamps.

The organisation of production and distribution of
Firmalampen is still an open question. From the chemical
analysis the place where a lamp was made can be
determined but it is not known if the potter’s name
represents his authorized products or just copies made by
using an original lamp with this name to make a mould.
Large series of analyses of finds at Vindonissa and at
various other Roman sites9 showed that stamped lamps of
good quality, independent from the name, came from
only few workshops and are more probable to be the
products of legal workshop branches than copies of many
potters at different places. This is especially true for the
1st century AD in Vindonissa where only three
lampmaking centres, Modena, Lyon and Trier supplied
nearly all Firmalampen. Later on, local products,
including products of workshop branches or copies of
lamps with potters’ names from Modena, are of more
importance. This is now also confirmed in Aquincum and
Intercisa where lamps with local names as well as lamps
with north Italian names were made locally. The latter
lamps were also found to be imports from other
lampmaking centres e.g. from Poetovio and Carnuntum.
Did they travel as illegal copies of original Modena
lamps?

Most of the arguments against authorized workshop
branches are connected to the method of production.
Firmalampen are made out of a negative mould, which
already bears the name. These moulds are made from a
positive counter-die, which could be a purchased lamp
including the stamped name or it could be a solid
specimen not to be used as a lamp. Many of the moulds
for lamps certainly were made from gypsum plaster and
therefore rarely survived. For this reason lampmaking
centres such as at Modena can not be proved by finds of
moulds. All the arguments based on the process of
lampmaking do not help to answer the question of illegal
copies because the hypothesized unauthorized copies as
well as the original products were made in the same way.
The only chance is to study the real places of production
and the distribution of the products to find new
arguments. The results of the chemical analyses may
contribute to such arguments.
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NOTES

1 Schneider and Wirz 1992a, 1992b; Schneider 1993;
Daszkiewicz and Schneider 1999.

2 The 25 analyses of Firmalampen published by P. Zsidi
are included in table 2 to present the complete dataset.

3 Wavelength-dispersive X-ray fluorescence analysis
(Philips PW1400) was used to determine the content of
major elements, including phosphorus. It was also used to
determine a series of fifteen trace elements, six of which
(Cu, Y, Nb, La, Ce, Pb), however, could only be
determined with poor precision and data for samples
weighing less than 0.1 gram except Ce are not given.
Total iron was calculated as Fe2O3. Samples were
prepared by pulverising fragments weighing about 2 g,
having first removed their surfaces and cleaned the
remaining fragments with distilled water in an ultrasonic
device. If this was not possible samples were taken by
drilling with a tungsten carbide drill. The resulting
powders were ignited for 1 hour at 880°C, melted with a
lithium-borate mixture (Merck Spectromelt) and cast into
small discs for measurement. The data are, therefore,
valid for ignited samples but, with the losses on ignition
(l.o.i.) given, may be recalculated to a dry basis. For
easier comparison the major elements are normalised to a
constant sum of 100%. The precision for major elements
is below 1%, for trace elements this rises up to 20%
depending on the concentrations (this may show the
analyses of two joining fragments in table 3). The
accuracy is tested by analysing international reference
samples and exchange of samples with other laboratories.
For major elements and the most important trace
elements it lies between 5 and 10%.

4 The data were not published in the paper (in our opinion
this should be done as a rule) but were kindly supplied by
M. Balla to be compared with our analyses. As it should
be, the values for the elements Fe, Na, K, Cr, Zn, Rb, Ba,
Ce, the only elements determined with both methods (the
important element Ca was missing in the NAA data),
varied within acceptable limits.

5 These samples were illustrated and described in more
detail by Zsidi (2003, figs. 4-8); the concordance of her
catalogue with our laboratory numbers is given in Table
1.

6 Chemical analysis of a mould with the same stamp
found in Poetovio showed a composition different both
from Poetovio and Aquincum reference groups
(Daszkiewicz and Schneider 1999, p.189 sample E569).

7 After correction with a calculated average dilution
factor the agreement is acceptable except for Ti and Zr,
probably because these elements are included in the
temper.

8 Samples of Firmalampen have been selected by V.
Gassner, the pottery samples by R. Sauer. The analyses
by WD-XRF in Berlin were not yet published.

9 E.g. Trier, Frankfurt, Heidelberg, Regensburg,
Carnuntum, Poetovio, Emona, Aquileia, Cosa, Rome and
others (partly published in Schneider and Wirz 1992a, b
and Schneider 1993).
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