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Abstract
The first objective of this paper is to reconstruct the production technology of fourth–first centuries BCE coarse ware from 
surveys near the ancient town of Norba in the Lepini Mountains of Southern Lazio, Italy, adopting a multi-analytical method, 
combining macroscopic observation with polarised light optical microscopy (OM), X-ray diffraction (XRD) and scanning 
electron microscopy (SEM). The second objective of this study is to gain insight into Norba’s integration in broader pro-
duction and distribution networks in Southern Lazio between the fourth–first centuries BCE, by comparing the results with 
previous data for coarse ware prevalent in the region at that time. The results indicate that the coarse ware from Norba was 
produced with Fe-rich, Ca-poor, and illite-muscovite clays and fired in an oxidising atmosphere between 750 and 900 °C. 
Differences among the coarse ware exist in the paste recipes, e.g. intentionally added temper. Most coarse ware from Norba 
bears compositional similarities to that from the Alban Hills and the Tiber Valley, north of Rome, suggesting that Norba 
was integrated into the marketing of pottery that was common in Southern Lazio during the fourth–first centuries BCE. In 
comparison, only a few coarse wares seem to have been produced in the surrounding area (e.g. Satricum and Forum Appii), 
or even locally in Norba. The results further indicate changes in these regional/local distribution networks; some coarse ware 
seems to have been imported from Satricum, where a workshop was active during the fourth century BCE. When ceramic 
production at Satricum ceased, potters settled in the towns of Forum Appii and Norba, where they produced ceramic build-
ing material and fine ware in the second–first centuries BCE, respectively. The results of this study tentatively suggest that 
potters in these locations may have also manufactured coarse ware during this period.

Keywords  Roman Republican Coarse Ware · Archaeometric approach · Technology · Southern Lazio · Italy

Introduction

Traditionally, studies on the Roman economy focus on the 
widespread distribution of specific pottery classes, and 
trace the movement of transport amphoras or black gloss 
fine ware, to map trade patterns (Horden and Purcell 2000). 
However, in order to gain insight into ancient sites’ specific 
positions within local and regional networks, analysis needs 
to be extended to other pottery classes, such as coarse ware 
(Launaro and Leone 2018), which, unlike amphoras and fine 
ware, usually constitutes the bulk of assemblages found on 
archaeological sites. Furthermore, studies of coarse ware 
have shown that they are mostly locally produced and dis-
tributed (Olcese 2003; Borgers et al. 2021). Consequently, 
coarse ware holds significant potential for tracing local and 
regional distribution and mapping trade networks.

By definition, the production of coarse ware requires 
coarse-grained materials in order to improve their ther-
mal properties (Spataro and Villing 2015, and references 
therein). To this aim, non-plastic material, known as temper, 
can be added. For instance, the addition of coarse-grained 
quartz and K-feldspar is exceptionally well-suited for the 
manufacture of coarse ware—this long-standing practice 
has been identified in coarse ware produced at Vasanello in 
the Tiber River Valley, north of Rome, Central Italy (Peña 
1992: 117).

Archaeometric studies of Roman Republican coarse ware 
in Central Italy have highlighted their potential in under-
standing aspects of production technology and regional 
trade patterns. More specifically, studies have indicated that 
coarse ware tends to be produced with Fe-rich and Ca-poor 
clays (Peña 1992; Olcese 2003). Production waste of coarse 
ware from a kiln at Tivoli, located east of Rome, is defined 
by the presence of coarse-grained leucite (Thierrin-Michael 
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2003: 58), while coarse ware from the workshop at Satricum 
located in the Pontine region, south of Rome, was manufac-
tured with coarse-grained quartz and K-feldspar and acces-
sory clinopyroxene (Attema et al. 2003).

Other archaeometric studies have focused on the recon-
struction of regional trade networks of coarse ware from 
Rome, its suburbs, and its rural hinterland, and they indi-
cated that three main productions circulated in the area dur-
ing the Roman Republic and Early Imperial eras:

•	 Coarse ware with coarse-grained K-feldspar and quartz was 
distributed on various sites in Rome and Ostia (Schuring 
1986, 1987; Thierrin-Michael 2003), as well as in the Pon-
tine region, ca. 60 km south of Rome (Borgers et al. 2017);

•	 Coarse ware with coarse-grained leucite has been identi-
fied on settlement sites in Ostia (Capelli 2016: 196–198) 
and in Rome’s suburbs (Borgers and Fischetti 2023);

•	 Local coarse ware with coarse-grained rounded quartz, 
K-feldspar, and clinopyroxene from Satricum appears to 
have been distributed locally in the Pontine region (Borgers 
et al. 2017).

Following this, the present study adopts a multi-analyt-
ical approach for the examination of coarse ware from the 
Roman Republican era (fourth–first centuries BCE) found 
during surveys near ancient Norba (present-day Norma) on 
the foothills of the Lepini Mountains in Southern Lazio, 
Italy. This work has two main objectives: first, to reconstruct 
the production technology of the coarse ware, including raw 
materials (e.g. clay), paste recipes (e.g. temper), and firing 
processes (e.g. temperature and atmosphere). The second 
objective of this paper is to understand whether this part of 
Southern Lazio was integrated into the same production and 
trade networks of Rome, its suburbs, and its rural hinterland.

Geological background

The Pontine Region (Fig. 1) consists of a large coastal plain, 
comprising several marine terraces and an Inner plain (a gra-
ben), stretching from NW to SE, parallel with the sea coast. 
The graben of the Inner plain is filled in with Holocene peat 
and Fe-rich clayey sediments, with Fe- and Mn-rich nodules 
(Borgers et al. 2018; Sevink et al. 1984), and is crosscut 
by the Ninfa stream. To the north, the Pontine Region is 
bounded by the Alban Hills (it., Colli Albani), and to the 
east by the Lepini and Ausoni Mountains (it., Monti Lepini, 
Monti Ausoni).

The ancient town at Norba (Google Earth DMS coordi-
nates: 41°35′26″ N and 12°57′40″ E; Fig. 1) lies on a small 
plateau, bounded towards the north and east by the steep 
slopes of the Lepini Mountains, consisting of Neogene lime-
stones (Peccerillo 2017). To the south and west, the plateau 
grades into gentle sloping hills made of volcanic tuffs, with 

volcanic glass fragments (Giordano et al. 2006; Giordano and 
The CARG Team 2010). North-west of Norba are the Alban 
Hills, with a Pleistocene quiescent volcano. The volcanic 
rocks in the Alban Hills comprise mainly pyroclastic material 
and lavas, but also Si-undersaturated leucite-bearing rocks, 
as well as a few melilite-bearing rocks. Main phenocrysts 
include clinopyroxene, leucite, and K-feldspar, as well as 
some melilite and garnet, and rare plagioclase (Giordano 
and The CARG Team 2010; Peccerillo 2017). During the 
Mid-Pleistocene, thick paleosoils developed on weathered 
pyroclastic material. They exhibit prominent translocation 
of reddish-brown clay and are accompanied by residual 
accumulation of Fe- and Mn-rich aggregates (Ugolini and 
Dahlgren 2002).

Archaeological background

The Pontine Region was part of ancient Latium (present-day 
Lazio). Roman colonisation in this area began in the sixth 
century BCE. Two examples of colonised settlements are 
Norba, which was founded as a Latin colony in 492 BCE, 
and Satricum (present-day Borgo Faiti), which was strate-
gically located along the Astura River, ca. 8 km from the 
Tyrrhenian Sea (Fig. 1). Excavations here have revealed a 
monumental temple dedicated to Mater Matuta, as well as 
three pottery kilns, which were positioned around the place 
of worship and were active between the sixth and fourth 
centuries BCE (Revello Lami 2017; Nijboer et al. 1995). 
Numerous depositions, comprising locally made anatomical 

Fig. 1   Location of the Pontine region in Southern Lazio, Italy, with 
the archaeological surveys (red dots) around Norba where the ana-
lysed coarse ware was found (Map compiled by T. De Haas)
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votives and coarse ware, point to the enhanced experience of 
combined ritual and craft practices (Bouma 1996).

It was mainly from the fourth century BCE that existing 
towns and rural settlements expanded and new infrastruc-
ture was built in the Pontine region. For instance, Norba 
developed into a considerably sized town during the fourth 
and third centuries BCE, while the construction of the Via 
Appia favoured the development of various roadside set-
tlements, such as Forum Appii, in the Inner plain (Fig. 1; 
Tol et al. 2021; De Haas 2017a, b). Archaeological surveys 
around Forum Appii have indicated that the site may have 
incorporated a harbour, as as well several pottery kilns 
where ceramic building material (e.g. tiles, cover tiles) and 
amphoras were manufactured during the second and first 
centuries BCE (Tol and Borgers 2016; Borgers et al. 2018). 
It is possible, however, that the construction of the Via Appia 
contributed to the abandonment of Norba after the town was 
destroyed during the Civil War in 82 BCE (De Haas 2011).

Archaeological surveys have also been carried out in 
the surroundings of Norba. These surveys have permitted 
to map a dense pattern of Roman Republican sites along 
the foothills of the Lepini Mountains, and more dispersed 
farmsteads and villas in the uplands, north of Norba (Van 
Leusen et al. 2003/2004, 2009/2010; De Haas 2011; De 
Haas et al. 2011/2012). The results further suggest that 
large villa estates developed in the third century BCE, which 
were involved in commercial activities related to agriculture 
(Attema and De Haas 2005; De Haas et al. 2011/2012). At 
one of these third century BCE villa domains, evidence for 
local pottery production has been found, including a kiln 
structure, a kiln spacer, pottery waste of black gloss fine 
ware, and coarse ware flagons and bowls (Van Leusen et al. 
2003/2004, 2009/2010). The activity of the workshop has 
been dated to the second century BCE (Tol and De Haas 
2013). Unfortunately, these objects have neither been col-
lected nor preserved. Consequently, they could not be inves-
tigated in this research.

Materials and methods

Materials. The Roman Republican ceramic material from the 
surveys around Norba covers the typical repertoire of rural 
settlement assemblages, comprising black gloss fine ware, 
amphora fragments, and coarse ware, such as jars (Tol 2017). 
Characteristic coarse ware jars incorporate two main types, 
henceforth referred to as olla type 2 and olla type 3a, follow-
ing from the typo-chronology suggested by Olcese (2003). 
Both types of jars are common in Central Tyrrhenian Italy and 
occur in the assemblages from other Roman Republican sites 
in the Pontine region (e.g. Tol 2012, chapter 5 site 15106).

The shape of both types of jars is defined by an ovoid 
body and an almond-shaped rim, and the main difference 

between the two types is in the rim shape. More specifically, 
olla type 2 jars are defined by a high-collared rim (Fig. 2). 
The type is common in Southern Etruria and Rome from the 
sixth century BCE onwards. However, in the Pontine region 
and around Norba, the shape starts to appear in the fourth 
century BCE (Tol 2012; Borgers et al. 2017). In comparison, 
olla type 3a jars display a pronounced almond-shaped thick-
ening below the lip (Fig. 2). These jars start to circulate in 
the study region from the late third or early second century 
BCE, and are considered to be the successor of the type 2 
jars (Olcese 2003, type 3a, tav. VIII).

A total of 32 samples were selected from the diagnostic 
rim fragments, which have been collected during the sur-
veys; they include 22 samples of type 2 jars, and 10 frag-
ments of type 3a jars (Table 1).

Methods  The first stage of analysis was conducted at the 
macroscopic scale, to gauge broad groups based on inclusion 
variability, sorting, and abundance. This was complemented 
by recording the colour and uniformity of colour on ves-
sel surfaces and fresh breaks, using Munsell charts (1994), 
with the aim to gain basic information on firing conditions 
(Kreimeyer 1987; Nodari et al. 2004; Maritan et al. 2006; 
Rathossi and Pontikes 2010; Noghani and Emami 2014; 
Laita and Bauluz 2018).

In the second stage, fragments were studied in polarised 
light optical microscopy (OM), X-ray powder diffraction 
(XRD), and cold field emission scanning electron micros-
copy coupled with energy-dispersive X-ray spectrometry 
(CFE-SEM-EDX), to examine various aspects of the pro-
duction technology of coarse ware, including raw materi-
als, paste recipes, and firing processes. All 32 selected frag-
ments were examined in OM. However, some samples were 
so small that XRD and CFE-SEM-EDX analysis could only 
be performed on 20 samples and 19 samples, respectively.

Standard petrographic thin sections were prepared from 
slices cut from each sample. They were studied with a 

Fig. 2   Type 2 and type 3a jars from Norba (redrawn from De Haas 
2011, plate 30 no. 15 and plate 39 no. 19)
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Leica DM4500 P polarised light microscope (Department 
of Lithospheric Research, University of Vienna) and with an 
Axio Imager.A2m Zeiss polarised light microscope (Elec-
tron Microscopy Center at Babeş-Bolyai University Cluj-
Napoca). The images were captured with a Zen 2011 Axio 
high-resolution digital video camera. The matrix and the 
inclusions of the ceramic thin sections were examined by 
OM (Table 1), in order to reconstruct specific aspects of the 
technology, including paste recipes and firing temperature 
(Quinn 2013, 2022). Inclusions smaller than 15–20 μm are 
taken to be naturally embedded within the clay (Maggetti 
1979, 1982; Ionescu et al. 2011a). The size, shape, quan-
tity, uniformity, and sorting of the coarse-sized grains were 
useful criteria to detect specific paste recipes, such as the 
addition of temper.

XRD was performed on 20 samples (NO1, NO3, NO4, 
NO6, NO8–NO10, NO12–NO17, NO19, NO21–NO24, 
NO28, NO31), to establish mineralogical compositions and 
to identify changes in the ceramic body, which might have 
occurred during the firing process (Ionescu et al. 2011b; Gál 
et al. 2018; Borgers et al. 2022). A few grams of each sam-
ple were hand-milled in an agate mortar and analysed with 
a Bruker D8 Advance diffractometer with Bragg-Brentano 
geometry, working with Cu-radiation at 40 kV and 40 mA, at 
the Department of Geology, Babeş-Bolyai University, Cluj-
Napoca. The scanning interval was between 5 and 64° 2θ, 
with a 0.02° 2θ step. Corundum NIST SRM1976a was used 
as standard. The minerals were identified with Bruker’s Dif-
frac.Eva 2.1 software and ICDD PDF 2016 database.

CFE-SEM-EDX was used to examine the microstructure 
of the matrix and firing products, with the aim to estimate 
the firing process of ancient pottery (Maniatis and Tite 1981; 
Tite et al. 1982; Cultrone et al. 2004; Maritan et al. 2005; 
Gál et al. 2018; Borgers et al. 2020, 2022). For this purpose, 
19 samples (NO1, NO3, NO4, NO6, NO8, NO10, NO12–
NO17, NO19, NO21–NO24, NO28, NO31) were examined 
with a Hitachi 8230 microscope working at 30 kV accel-
eration voltage, 50 s live time and with a < 10 nm electron 
beam, allowing a very high resolution of the backscattered 
and secondary electron images. The surface of freshly frac-
tured samples was coated with Au for image capture, but the 
surface of the samples was not coated for chemical analysis. 
Data for major oxides, including SiO2, TiO2, Al2O3, Fe2O3 
as FeOTOT, MgO, CaO, K2O, Na2O, P2O5 and MnO were 
obtained by EDX. The detection limit was ~ 0.1 wt.% for 
all oxides.

In the third stage, the compositional groups of the fourth–
first centuries BCE coarse ware defined in this study were 
compared with published work on coarse ware from vari-
ous sites in Rome and its suburbs (Schuring 1986, 1987; 
Olcese 2003; Thierrin-Michael 2003; Borgers and Fischetti 
2023), from Ostia (Capelli 2016), and from Rome’s rural 
hinterland (Borgers et al. 2017, 2018), to understand whether 

the surroundings of Norba were integrated into the same 
regional production and trade networks.

In the fourth and final stage, the Roman Republican 
coarse ware from Norba was compared with geological field 
samples from the Pontine region, which have been collected 
and investigated in a previous research project (Borgers et al. 
2018), in order to identify possible raw materials used for 
the production of coarse ware.

Results

Macroscopic analysis

Based on the type, size, abundance, and sorting of coarse 
inclusions, as well as the colour visible on the surface and in 
the fresh break of the sherds, four macrogroups were defined 
within the assemblage analysed (Table 1).

Macrogroup 1 contains 23 samples, and displays pre-
dominantly coarse pyroxene and K-feldspar, varying in 
size between 500 µm and 1 mm. Most of the samples in 
this group (N = 16) display a reddish yellow or yellowish 
red colour on the surface and a gray to very dark gray col-
our in the core, suggesting that the firing process was not 
long enough for oxygen to fully penetrate in the clay body 
(Fig. 3a). Four samples have a reddish colour, resulting from 
consistently oxidising firing conditions, while three samples 
are gray, indicating a firing process in reducing atmosphere 
with a higher proportion of carbon (Laita and Bauluz 2018).

Macrogroup 2 comprises three samples that are defined by 
coarse rounded quartz and K-feldspar, with sporadic biotite 
and pyroxene, ranging between 300 and 500 µm. The coarse 
inclusions comprise ca. 45% of the clay body, indicating 
that the potter may have deliberately added them as tem-
per. Two samples are reddish yellow to light reddish brown 
(Fig. 3b), following from firing in a well-controlled oxidising 
atmosphere (Kreimeyer 1987; Rathossi and Pontikes 2010), 
while the third fragment displays a sandwich structure with 
a reddish yellow surface and gray core colour, indicating, 
among other variables, that the oxidising firing process was 
comparatively short (Nodari et al. 2004; Maritan et al. 2006; 
Noghani and Emami 2014).

The four samples in macrogroup 3 are defined by moder-
ately sorted K-feldpar and quartz (250-300 µm), with pyrox-
ene. Three samples display a sandwich structure, suggestive 
of an incomplete firing in oxidising atmosphere (Fig. 3c; 
Nodari et al. 2004; Maritan et al. 2006; Noghani and Emami 
2014), while the fourth sample is reddish, resulting from 
firing in consistently oxidising conditions (Rathossi and 
Pontikes 2010).

The two samples of macrogroup 4 display very few 
coarse, poorly-sorted K-feldspar and rounded opaque 
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inclusions (< 2 mm; Fe- or Mn-rich aggregates), as well as 
scarce coarse pyroxene (Fig. 3d). The firing conditions were 
consistently oxidising, given that the samples have a reddish 
colour both on the surface and in the core (Kreimeyer 1987; 
Rathossi and Pontikes 2010).

Optical microscopy

The ceramic samples have been classified into four petro-
groups, based on the observation performed under the polar-
ized light microscope. All four groups are associated with 
the macrogroups (Table 1). The description of the main 
characteristics of the groups follows below, and the mineral 
compositions are listed in Table 1.

All 32 ceramic thin sections comprise fine-sized 
(15–20 µm) grains of quartz, K-feldspar, biotite, and occa-
sional plagioclase, which are embedded within the matrix. 
In the ceramic mass, there are also inclusions larger than 
100 µm, generally poorly (e.g. petrogroups 1, 2, and 4) to 
moderately sorted (e.g. petrogroup 3). Most samples com-
prise coarse-grained inclusions in the range of 150–500 µm. 
Occasionally larger inclusions (1 mm) are present. Only few 
samples are fine (large inclusions, ca. 300 µm, are very rare).

Petrogroup 1 (Fig. 4a, b) is the largest group in the stud-
ied assemblage, comprising 23 samples. They are char-
acterized by large ubiquitous sub-angular clinopyroxene 
(500 µm–1 mm), angular K-feldspar (500 µm), and rounded 
Fe-rich clay pellets, varying in size between 150 and 

300 µm. Large (up to 1 mm in size), more or less spherical, 
opaque (Mn- or Fe-rich) inclusions with an internal concen-
trical structure, are characteristic. Coarse leucite (500 µm), 
biotite (200–500 µm), quartz, muscovite (200–300 µm), and 
amphibole (< 500 µm), as well as very rare plagioclase have 
also been identified. Very few rock inclusions are present, 
including chert, pumice (e.g. NO3), and other volcanic rock 
fragments (NO12, NO13, NO31). All the coarse inclusions 
in the sherds assigned to petrogroup 1 are sub-angular to 
rounded in shape and seem to have been added as temper. 
Most samples in this group are heavily tempered (ca. 35% 
inclusions versus ca. 65% matrix), while three samples 
(NO3, NO21, NO31) comprise comparatively little temper 
(ca. 20%). About half of the samples of petrogroup 1 display 
low birefringence (Table 1), suggesting a relatively high fir-
ing temperature. Five samples are characterized by moderate 
birefringence, indicating a medium firing temperature, while 
the six remaining samples show high birefringence, which 
is compatible with a low firing temperature. The samples 
from petrogroup 1 bear mineralogical similarities to the 
production waste from Tivoli (Thierrin-Michael 2003: 58).

The three samples from petrogroup 2 (NO9, NO14, 
NO15) are defined by coarse rounded quartz (300–500 µm), 
and sub-angular K-feldspar (300–500 µm). Subangular 
clinopyroxene (250–500 µm), biotite (500 µm), subangu-
lar siltstone (300–500 µm), and subangular iron-stained 
chert (300–600 µm) are less frequent (Fig. 4c). The coarse-
grained inclusions, consisting of a mixture of sedimentary 
and subangular volcanic grains, comprise ca. 45% of the 

Fig. 3   Images of the four mac-
rogroups identified in the coarse 
ware assemblage from Norba, 
based on the type, sorting, and 
abundance of coarse inclusions: 
a Macrogroup 1: coarse pyrox-
ene and K-feldspar in sample 
NO8. b Macrogroup 2: coarse 
quartz, K-feldspar and pyroxene 
in sample NO15. c Macrogroup 
3: moderately sorted K-feldspar 
and quartz in sample NO5. d 
Macrogroup 4: poorly sorted 
coarse K-feldspar, rounded 
opaque (Mn or Fe) aggregates, 
and pyroxene in sample NO1. 
Scale bar = 2 mm for all images
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ceramic body, suggesting that they have been deliberately 
added. The matrix of two samples (NO9, NO15) shows 
moderate to low birefringence, while the third sample 
(NO14) displays high birefringence. This indicates that the 
firing temperature of the samples in this group varies from 
medium to low, respectively. The type, size, and frequency 
of coarse inclusions present in petrogroup 2 samples are 
similar to the production waste from Satricum (Fig. 4d; 
Attema et al. 2003).

Petrogroup 3 comprises four samples (NO2, NO5, NO6, 
NO24), and is characterised by moderately sorted K-feld-
spar and quartz, ranging between 250 and 300 µm (rarely 
500 µm). Rare clinopyroxene and plagioclase have been 

identified, as well as scarce subangular quartzite (300 µm) 
(Fig. 4e). These coarse grains comprise about 20–25% of 
the ceramic body, suggesting that they are added temper-
ing material. Rare spherical opaque (Mn- or Fe-rich) inclu-
sions (500 µm), similar to those identified in petrogroup 1, 
were also found. The isotropic matrix of NO2, NO5, and 
NO24 and the low birefringence of NO6 indicate a high 
firing temperature for all four samples. The mineralogical 
composition of the samples from petrogroup 3 is similar to 
the local coarse ware from Vasanello, for which it has been 
suggested that the coarse-sized K-feldspar and quartz, as 
well as rare clinopyroxene and plagioclase, have been inten-
tionally added by the potter (Peña 1992: 114).

Fig. 4   Optical micrographs 
with crossed polarizers of 
the four petrogroups and clay 
sample: a, b Petrogroup 1: 
clinopyroxene (Cpx), K-feldspar 
(Kfs), amphibole (Amp), leucite 
(Lct), muscovite (Ms), and 
biotite (Bt) in NO12 and NO19 
respectively. c Petrogroup 2: 
quartz (Qz), biotite, and chert 
in NO15. d Pottery waste from 
Satricum: quartz, K-feldspar, 
and clinopyroxene. e Petrogroup 
3: K-feldspar, quartz, opaque 
inclusion (OI) with shrinkage 
rim, and quartzite (Qzt) in NO2. 
f Petrogroup 4: K-feldspar, 
clinopyroxene, and pumice 
in NO4. g, h Clay sample of 
paleosoil on weathered tuff in 
PPL and XP, respectively. For 
images a to f, the polarizers 
were crossed at ≠ 90 °for a bet-
ter distinction between matrix 
(Mx; very dark hue) and voids 
(V; light grey; elongated and 
irregular shape)
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The two samples in petrogroup 4 (NO1, NO4) are defined 
by numerous Fe- or Mn-rich aggregates, and pumice frag-
ments (> 500 µm) in the matrix (Fig. 4f). Very rare coarse 
angular K-feldspar (200–500 µm), subangular clinopyroxene 
(300–500 µm), and volcanic rocks, most likely volcanic glass 
(500 µm–1 mm), have also been found. Both samples are 
defined by a moderate to low birefringence, compatible with 
a medium to high firing temperature. The coarse inclusions 
comprise about 15% of the ceramic mass, indicating that 
they are naturally embedded within the clay. The conspicu-
ous Fe/Mn-rich aggregates and pumice in the base clay bear 
broad similarities to the ceramic building material produced 
at the site of Forum Appii (Borgers et al. 2018), and to the 
paleosoil clays that develop on weathered tuffs (Ugolini and 
Dahlgren 2002; Fig. 4g, h).

X‑ray diffraction

The diffractograms obtained for the 20 samples analysed 
reveal the prevalence of quartz, feldspar, and clinopyrox-
ene (Fig. 5)—minerals, which were also identified as coarse 
inclusions by OM (Table 1; Fig. 4a–f). In addition, the dif-
fraction peaks (3.27 Å d-spacing) indicate the presence 
of leucite in the samples of petrogroup 1 only, which is in 
agreement with the evidence seen by OM (Fig. 4a, b). Fur-
ther to this, the clinopyroxene peaks (2.99 Å d-spacing) are 
evident in all samples, except for petrogroup 3, and can be 
identified as augite and diopside. The presence of neofor-
med clinopyroxene, referred to as “ceramic pyroxene” in 
the literature (Dondi et al. 1998; Gliozzo 2020), is possible 
but difficult to confirm based on XRD results alone. Small 
peaks with d-spacing 2.7 Å and 2.5 Å might be hematite and 
maghemite respectively.

Illite and muscovite have partially overlapping peaks 
(with 10, 5, 4.5, and 2.6 Å d-spacing), due to their similar 

structural unit (Gliozzo 2020). Consequently, the clays used 
to produce the coarse ware jars in this study are henceforth 
referred to as ‘illite-muscovite’ (Gál et al. 2018). Most peaks 
(in particular, 10 Å d-spacing) are either low or missing, 
while few are comparatively high (Fig. 5). This corresponds 
to the birefringence/isotropy of the clayey matrix observed 
by OM. More specifically, a low temperature of 750–800 °C 
can be associated with a high birefringence of the matrix, a 
medium temperature of 800–850 °C with a moderate bire-
fringence, and a high temperature of ~ 900 °C corresponds 
to a low birefringence (Cultrone et al. 2001, 2004; Gliozzo 
2020; Montana 2020; Quinn 2013, 2022).

Cold field emission scanning electron microscopy 
with energy‑dispersive X‑ray spectrometry

CFE-SEM-EDX was used to examine the microstructure and 
composition of the clayey matrix, the firing products, and 
the nature of the various inclusions.

Microstructure of the matrix

Following research by Maniatis and Tite (1981), Cultrone 
et al. (2004), Maritan et al. (2005), Gál et al. (2018), Borgers 
et al. (2020, 2022) a.o. on microstructural changes of ceramic 
bodies, significant differences were identified among the 
coarse ware jars studied. The matrix of the samples NO12, 
NO16, and NO31, assigned to petrogroup 1, shows sintering 
in the form of very thin films (~ 5 µm) of interconnecting 
phyllosilicates, which have maintained their sheetlike struc-
ture (Fig. 6a). The sintering is indicative of a low firing tem-
perature (750–800 °C) (Maniatis and Tite 1981; Tite et al. 
1982). Other samples from petrogroup 1 (NO3-Fig. 6b, NO8, 
NO10, NO22, NO23, and NO28) show vitrification, revealed 
by comparatively larger areas (20 µm) of melted particles, 

Fig. 5   Representative diffracto-
gram of each petrogroup with 
estimated firing temperatures. 
Illite-muscovite (Ilt-Ms), quartz 
(Qz), leucite (Lct), feldspar 
(Fsp, undifferentiated), clinopy-
roxene (Cpx, undifferentiated), 
hematite (Ht), and maghemite 
(Mgh)
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indicating a firing temperature of 800–850 °C. Samples NO13 
(Fig. 6c), NO17, and NO19 (Fig. 6d) display advanced vitri-
fication, with large glassy areas and deformed and clumped 
phyllosilicates (50 µm), suggesting a firing temperature of at 
least 900 °C.

The samples from petrogroup 2 display evidence for 
sintering (NO14) and vitrification (NO15, NO9; Fig. 6e), 
suggestive of a firing temperature at 750–850  °C and 
800–850 °C, respectively. Advanced vitrification is char-
acteristic of petrogroup 3 (NO6 and NO24), which is con-
firmed by OM analysis by the shrinkage rims around opaque 
inclusions (Fig. 4e) that have formed due to their contrac-
tion during cooling. The two samples from petrogroup 4 
display vitrification (NO4; Fig. 6f) and advanced vitrifi-
cation, indicating a firing temperature of 800–850 °C and 
900 °C, respectively.

Table 2 illustrates compositional similarities, as well as 
significant differences, in the clayey matrix of the four petro-
groups. Generally, for all petrogroups, the matrix is siliceous 
(> 50 wt.% SiO2), with relatively similar K, high Al and Fe, 

and low Ca (i.e. below 5 wt% CaO (Maniatis et al. 1981; 
Gliozzo 2020) (Fig. 7a, b). Petrogroup 1 displays high Al, 
Fe, and Ti, while petrogroup 2 is defined by the highest Fe 
and Ti and lowest Al, compared with the other groups. Petro-
group 3 displays the highest Si content, whereas petrogroup 
4 shows the highest Al, paired with relatively high Ca.

Firing products

The vitreous material is an aluminosilicate glass with Fe 
and K, as well as small amounts of Ca, Ti, Mg, Mn, and Na 
(Fig. 7c, d)—its composition is similar to that of the matrix 
(Fig. 7a, 7b). The Si–Al–Na-rich glass, shown in Fig. 8a, b, 
might result from the transformation of a plagioclase feld-
spar inclusion.

Figure 8c shows microspheres (1.5 μm in diameter) with 
wrinkled surface, forming clusters, in NO19. A similar but 
larger (5 μm) microsphere occurs isolated nearby. They have 
an aluminosilicate composition with ~ 30 wt% SiO2 and 25 
wt% Al2O3 (Fig. 8d), high Mn and Fe (~ 17 wt% MnO and 

Fig. 6   Secondary electron 
images of the matrix. Petro-
group 1: a Sintered matrix 
with sheetlike phyllosilicates in 
NO31. b Vitrification in NO3. 
c, d Advanced vitrification vis-
ible in deformed phyllosilicates 
in NO13 and NO19; Petrogroup 
2: e Vitrification visible through 
smoothed margins of phyl-
losilicates in NO9; Petrogroup 
4: f Vitrification in NO4. The 
arrows point to vitrified areas
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~ 12 wt% FeOTOT), as well as some P, Ba, and Ce. These 
microspheres might have formed from the reaction of the 
clayey matrix with Fe- and Mn-rich aggregates during firing. 
Fe-rich clay deposits, with Fe- and Mn-rich nodules, occur 
in the colluvial clay deposits in the Pontine region (Sevink 
et al. 1984; Borgers et al. 2018), and the paleosoils in the 
Alban Hills (Ugolini and Dahlgren 2002).

In samples NO1 and NO4 (Fig. 8e), hemispheric shapes 
were observed, measuring approximately 5–6 μm in diam-
eter. Their composition is dominated by iron (50.8 wt.% 
FeOTOT), followed by aluminium (13.2 wt.% Al2O3) and 
silica (11.9 wt.% SiO2). Titanium (7.7 wt.% TiO2), man-
ganese (6.5 wt.% MnO), and calcium (6 wt.% CaO) are 
also high (Fig. 8f). These hemispheres might have formed 
from the transformation of the Fe-rich pellets containing 
Ti present in the base clay.

Apart from vitrified areas, partly-melted material was 
also observed in sample NO13. It forms thin layers (of a 

few μm) around voids, and its surface is covered by clusters 
of small isometric grains, about 1 µm in size each (Fig. 8g). 
The grains consist of 52.0–57.5 wt.% SiO2, 26.9–28.3 wt.% 
Al2O3, 8.4–12.1 wt.% FeOTOT, 2.3–2.6 wt.% K2O, 1.3–1.6 
wt.% MgO, 1.1–1.9 wt.% TiO2, 0.7–1.6 wt.% Na2O, and 
0.8–1.1 wt.% CaO (Fig. 8h). Probably, these isometric 
grains are incipient crystals of ‘ceramic pyroxene’ formed 
during firing from the partly-melted material. Based on the 
low Ca content and the high Fe and Al content, it is likely 
that they are augite-type pyroxenes (Dondi et al. 1998; Gál 
et al. 2018; Pérez-Monserrat et al. 2022).

Inclusions

Besides matrix and firing products, EDX helped to identify 
various primary inclusions, such as K-feldspar (Fig. 9a), 
alkali feldspar (with significant Na content), clinopyroxene 
(Fig. 9b), plagioclase (albite), leucite, biotite, garnet, as well 

Table 2   The variation limits for the main chemical compounds (expressed as oxides in wt.%) of the matrix, as determined by EDX

*Average composition

SiO2 Al2O3 Fe2O3 K2O CaO TiO2

Petrogr. 1 48.1–66.6 (*54.8) 17.1–39.8 (*28.0) 4.2–23.1 (*10.3) 0.7–3.2 (*2.2) 0.5–2.6 (*1.6) 1.1–2.8 (*1.6)
Petrogr. 2 44.2–61.5 (*54.5) 19.7–30.0 (*26.5) 3.6–15.2 (*10.5) 2.0–5.3 (*3.4) 2.0–5.3 (*3.3) 1.0–2.6 (*1.8)
Petrogr. 3 46.6–71.2 (*58.6) 21.4–38.0 (*29.2) 5.5–13.4 (*8.0) 1.9–4.2 (*2.8) 0.7–1.1 (*1.0) 0.5–2.6 (*1.1)
Petrogr. 4 44.6–70.6 (*53.3) 22.1–38.3 (*31.8) 2.1–12.6 (*8.1) 1.7–2.2 (*2.2) 0.6–5.1 (*3.0) 0.4–1.2 (*1.0)

Fig. 7   Secondary electron 
images and EDX spectra of 
clayey matrix (a, b) in NO3 and 
glass (c, d) in NO1. Scale bar 
is 100 μm for a, and 5 μm for c. 
The white rectangles mark the 
measurement areas
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as Fe- and Mn-rich aggregates. Melilite was found in sam-
ples from petrogroup 1 only. All these minerals are specific 
to the volcanic area of the Alban Hills (Giordano and The 
CARG Team 2010; Peccerillo 2017). What is more, clino-
pyroxene was found in all four petrogroups, albeit scarce in 

petrogroup 3. Its variable mineralogy, ranging from diop-
side to augite and hedenbergite, is in agreement with pub-
lished data on clinopyroxene from the Alban Hills (Aurisic-
chio et al. 1988; Boari et al. 2009; Conticelli et al. 2010; 
Giordano and The CARG Team 2010; Peccerillo 2017).

Fig. 8   Textural and mineralogi-
cal changes during firing: a, b 
Glass resulting from the trans-
formation of plagioclase, with 
corresponding EDX spectrum 
in NO13; c, d Mn- and Fe-rich 
aluminosilicate microspheres 
with EDX spectrum in NO19; 
both measured areas have the 
same spectrum; e, f Hemi-
spheric formations with EDX 
spectrum in NO4; g, h Clusters 
of isometric Fe-rich alumino-
silicate crystals (i.e. ‘ceramic 
pyroxene’) with EDX spectrum 
in NO13. The white rectangles 
mark the measurement areas
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Discussion

Based on the results of the multi-analytical study, the pro-
duction technology of Roman Republican coarse ware from 
surveys around Norba, Southern Lazio, will be discussed. 
This will be followed by a preliminary reconstruction of 
possible trade of the coarse ware studied, based on a com-
parative study with previous data.

Technology

All the coarse ware jars studied were produced with Fe-
rich, Ca-poor, and illite-muscovite clays. Most jars display 
a sandwich structure, with a reddish colour on the surface 
and a gray colour in the core, suggesting that the firing pro-
cess was not long enough for oxygen to fully penetrate the 
clay body. Very few samples have a homogeneous reddish 
colour, indicating that the firing conditions were consist-
ently oxidising, or display a gray colour, suggestive of a 
firing process in reducing conditions. The most important 
differences between the coarse ware samples analysed are 
the paste recipes, i.e. the presence of coarse-grained inclu-
sions, which were added by potters:

•	 The jars from petrogroup 1 are defined by clinopyroxene,  
K-feldspar, leucite, as well as some melilite—these miner-
als are common in the clayey deposits in the Alban Hills,  
and their presence suggests that the coarse ware from 
this group was produced in this area. This group bears 
compositional similarities to the production waste from 
Tivoli (Thierrin-Michael 2003: 58), but it should be 
noted that this workshop was active during the second–
first centuries BCE, and produced type 3a coarse ware 
jars only (Olcese 2003: 15). If the coarse ware jars in this 
study, comprising both types 2 and 3a jars, were indeed  

produced at Tivoli, then it is reasonable to assume that the 
workshop began its activities earlier than is now known  
from excavations.

•	 The jars assigned to petrogroup 2 are tempered with 
rounded quartz and K-feldspar, sharing broad mineral-
ogical similarities with the pottery waste from Satricum, 
where workshops where active until the fourth century 
BCE (Nijboer et  al. 1995; Attema et  al. 2003). This 
hypothesis is further supported by the fact that the coarse 
ware from petrogroup 2 comprises exclusively type 2 jars.

•	 The samples from petrogroup 3 display moderately sorted 
K-feldspar and quartz, as well as rare clinopyroxene and 
plagioclase. The composition of this group is similar to local 
coarse ware from the site at Vasanello (Peña 1992). Coarse 
ware with this composition has been grouped in the over-
arching ‘Rome and Tiber Valley Fabric’, on the assumption 
that pottery from other workshops along the Tiber River 
might have a similar composition (Olcese 2003).

•	 The two type 3a jars in petrogroup 4 are defined by pum-
ice and Fe- or Mn-rich aggregates—i.e., these inclusions 
typically occur in paleosoils that developed on weath-
ered pyroclastic material in the Alban Hills, as well as in 
colluvial clays located in the Inner plain of the Pontine 
region. With this in mind, the coarse ware may have been 
produced in one of two workshops active during the sec-
ond–first centuries BCE: the first workshop was located 
near Norba. As mentioned, however, pottery waste from 
this workshop has not been preserved, and to the authors’ 
knowledge, it did not comprise any coarse ware jars. 
The second possible production centre is Forum Appii, 
located in the Inner plain of the Pontine region. Potters 
here used Holocene colluvial clay with pumice and Fe/
Mn-rich aggregates for the manufacture of tiles and cover 
tiles (Borgers et al. 2018). If petrogroup 4 is indeed a 
local fabric from Forum Appii, then potters from this 
workshop also produced coarse ware jars.

Fig. 9   EDX spectra of inclu-
sions in the ceramics: a 
K-feldspar in NO1. b Clinopy-
roxene in NO10
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Distribution

The composition of the coarse ware jars in this study has been 
compared with previous data, to gain insight into trade net-
works, and changes therein between the fourth–first centuries 
BCE. More specifically, of the 22 samples of olla type 2 jars, 
dated to the Middle Republican era, 18 belong to petrogroup 
1, and one fragment belongs to petrogroup 3. Following this, 
most jars were regional products, which were manufactured 
in the Alban Hills or in the Tiber Valley region, respectively. 
Both compositions were traded widely, given that:

•	 Coarse ware jars from petrogroup 1 were found on sites 
in Ostia (Capelli 2016: 196–198), and in Rome’s suburbs 
(Borgers and Fischetti 2023);

•	 Coarse ware jars from petrogroup 3 were found on various 
sites in Rome (Thierrin-Michael 2003; Schuring 1986, 
1987), and its suburbs (Borgers and Fischetti 2023). Jars 
with this composition have also been found in Northern 
Italy (Peña 1992; Olcese 1990)

The three remaining type 2 jars belong to petrogroup 2, 
which seems to have originated in Satricum. Jars of this 
composition were distributed within the Pontine region, 
as they have been found on several sites in the Inner plain 
(Borgers et al. 2017).

The results in this study further point to changes in 
regional/local distribution networks during the Late Repub-
lican period (second-first centuries BCE). More specifically, 
of the 10 olla type 3a jars studied, five were imported from 
the Alban Hills, and three from the Rome and Tiber Valley. 
Hence, the two supra-regional trade networks that were in 
place during the Middle Republican era continued to exist 
during the Late Republican period. Differences in trade net-
works seem to have taken place at the regional level, however. 
This is illustrated on the one hand by the end of the production 
activity at Satricum, and on the other by the start of a new pro-
duction, as reflected in petrogroup 4. Jars with this composi-
tion (N = 2), defined by conspicuous pumice and Fe/Mn-rich 
aggregates, seem to have been produced within the region 
– possibly at Forum Appii in the Inner plain of the Pontine 
region, or near Norba. Coarse ware with this composition has, 
to the authors’ knowledge, not been identified at other sites. 
This might suggest that they had a more restricted distribution 
pattern, but more research is needed to confirm this.

Conclusions

Building upon previous data for coarse ware from Southern 
Lazio, Italy, this study examined 32 coarse ware jars from 
the surroundings of ancient Norba in the Lepini Mountains, 

dated between the Middle and Late Republican eras 
(fourth–first centuries BCE). A multi-analytical approach, 
combining macroscopic observation with OM, XRD, and 
SEM, was adopted to reconstruct aspects of the production 
technology of the coarse ware and to determine whether this 
area of Southern Lazio was integrated into similar trade net-
works as Rome and its rural hinterland.

Some interesting points emerge from this study. First, the 
results indicate that the coarse ware jars from Norba were 
manufactured with Fe-rich, Ca-poor, and illite-muscovite 
clay deposits and fired in incomplete oxidising conditions 
between 750 and 900 °C. These findings are in agreement 
with previous research conducted on coarse ware from 
Southern Lazio. From this is tentatively inferred that potters 
in the area shared knowledge of clay sourcing (e.g. Fe-rich 
and Ca-poor clay deposits) and firing strategies (e.g., oxidis-
ing atmosphere) for the manufacture of the coarse ware jars.

Second, the results in this study indicate that most jars 
(N = 27) from Norba were imported either from the Alban 
Hills or from the Tiber Valley, north of Rome, throughout 
the Middle and Late Republican eras. This is taken to sug-
gest that Norba was integrated in trade networks that were 
prevalent in Southern Lazio during that time. In compari-
son, few coarse ware jars (N = 5) seem to have been pro-
duced within the region (e.g. Satricum, Forum Appii), or 
even locally at Norba. There seems to have been a change 
in these regional/local trade networks between the Mid-
dle and Late Republican eras. More specifically, some jars 
from Norba are compositionally similar to the repertoire 
from Satricum, indicating the marketing of coarse ware 
between Satricum and Norba during the Middle Republi-
can era. Pottery production at Satricum is known to have 
ceased after the fourth century BCE, after which time the 
Inner plain of the Pontine Region and the surroundings 
of Norba developed with numerous farms, villa domains, 
roadside settlements, and workshops where ceramic build-
ing materials and fine ware were produced. The results 
in this study tentatively suggest that (one of) these work-
shops in the Inner plain or near Norba also produced coarse 
ware during the Late Republican era.

Acknowledgements  Several colleagues and museum staff generously 
provided the ceramic samples and permission to analyse the samples 
scientifically, including Carmela Anastasia, the Museo dell’Agro Pon-
tino, and the Soprintendenza Archeologia del Lazio e dell’Etruria 
Meridionale. The authors acknowledge the Groningen Institute of 
Archaeology, University of Groningen, for their permission to study 
the clay samples, which have been collected and studied in the pro-
ject ‘Fora, stationes, and sanctuaries: the role of minor centres in the 
economy of Roman Central Italy’, as well as Jan Sevink (University of 
Amsterdam), for sharing his expertise and knowledge of the geology of 
the Pontine region, and Gijs Tol (University of Melbourne), for his help 
with the selection of the coarse ware samples analysed. The authors 
are also grateful to the two anonymous reviewers for their insightful 
comments and suggestions on a previous version of this manuscript.



Archaeological and Anthropological Sciences          (2023) 15:180 	

1 3

Page 15 of 17    180 

Authors’ contributions  Conceptualisation: BB; data curation: BB, CI; 
formal analysis: BB, CI; AG; LBT; funding acquisition: BB, CI; inves-
tigation: BB, CI; methodology: BB, CI; project administration: BB; 
resources: BB, CI; visualisation: BB, CI, TDH; writing—original draft: 
BB, CI, TDH; writing—review and editing: BB, CI; archaeometric 
interpretation: BB, CI; archaeological interpretation and conclusions: 
BB. All authors read and approved the final manuscript.

Funding  Open access funding provided by Austrian Science Fund 
(FWF). The Austrian Science Fund financially supported the research 
in this paper, through the project “Cooking Ware as Indicator for 
Regional Trade and Exchange” (grant number FWF T-1085G), car-
ried out by B.B. at the University of Vienna. C.I. acknowledges the 
support of the Romanian Ministry of Education and Research through 
UEFISCDI/CNCS project PN-III-P4-ID-PCE-2016-0229.

Data availability  All scientific data are held by the correspond-
ing author and can be accessed for comparative purposes with prior 
arrangement.

Declarations 

Competing interests  The authors declare that they have no competing 
interests.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Attema PAJ, Beijer M, Kleibrink M, Nijboer AJ, Van Oortmerssen 
GJM (2003) Pottery Classifications: Ceramics from Satricum and 
Lazio, Italy, 900 to 300 BC. Palaeohistoria 43(44):321–396

Attema PAJ, De Haas TCA (2005) Villas and farmsteads in the Pontine 
region between 300 BC and 300 AD: a landscape archaeological 
approach. In: Santillo Frizell B, Klynne A (eds), Roman villas 
around the Urbs. Interaction with landscape and environment. Pro-
ceedings of the Conference at the Swedish Institute in Rome, Sep-
tember 17-18, 2004. Rome: Swedish Institute in Rome, pp 97–112

Aurisicchio C, Federico M, Gianfagna A (1988) Clinopyroxene chem-
istry of the high-Potassium suite from the Alban Hills, Italy. Min 
Petr 39(1):1–19. https://​doi.​org/​10.​1007/​bf012​26259

Boari E, Avanzinelli R, Melluso L, Giordano G, Mattei M, De Bened-
etti AA, Morra V, Conticelli S (2009) Isotope geochemistry (Sr-
Nd-Pb) and petrogenesis of leucite-bearing volcanic rocks from 
“Colli Albani” volcano, Roman Magmatic Province, Central Italy: 
Inferences on volcano evolution and magma genesis. Bull Volc 
71(9):977–1005. https://​doi.​org/​10.​1007/​s00445-​009-​0278-6

Borgers B, Fischetti AL (2023) Reconstructing the life cycle of 3rd 
century BCE cooking jars. A case study from a ritual deposit 
at Ciampino, Rome (Italy). Mediterr Archaeol Archaeometry 
23(2):159–173. https://​doi.​org/​10.​5281/​zenodo.​81794​59

Borgers B, Tol GW, De Haas TCA (2018) Reconstructing production 
technology and distribution, using thin section petrography: A 
pilot study of Roman pottery production in the Pontine region, 
Central Italy. J Archaeol Sci Reports 21:1064–1072. https://​doi.​
org/​10.​1016/j.​jasrep.​2016.​12.​011

Borgers B, Ionescu C, Willems S, Barbu-Tudoran L, Bernroider M, 
Clotuche R (2020) Continuity and diversity of Roman pottery 
production at Famars (northern France) in the 2nd-4th centuries 
AD: insights from the wasters. Archaeol Anthrop Sci 12:1–27. 
https://​doi.​org/​10.​1007/​s12520-​020-​01113-2

Borgers B, Ionescu C, Auer M, Gál A, Barbu-Tudoran L, Kasztovszky 
Zs, Gméling K, Szilagyi V, Harsányi I, Neubauer F, Von Hagke C 
(2022) Production technology and knowledge transfer of calcite-
tempered Grey Ware bowls from 2nd–5th centuries AD Noricum, 
Austria. Archaeometry 65(3):480–497. https://​doi.​org/​10.​1111/​
arcm.​12823

Borgers B, Tol GW, De Haas TCA (2017) Roman cooking vessels 
(ollae): a preliminary study of the material from the Pontine 
region, Central Italy. In: Science and Technology of Archaeo-
logical Research, 41st International Symposium on Archaeometry 
(Kalamata, Greece): Proceedings 3(2):314–325

Borgers B, Willems S, Dupuis C, Clotuche R (2021) Technological 
knowledge and transfer of roman pottery production in Civitas 
Nerviorum (northern France, central Belgium), during the 1st-3rd 
centuries CE. J Archaeol Sci: Reports 38:103061

Bouma J (1996) Religio Votiva: the archaeology of latial votive reli-
gion. The 5th-3rd century BC votive deposit south west of the 
main temple at ‘Satricum’ Borgo Le Ferriere. PhD thesis, Uni-
versity of Groningen

Capelli C (2016) I gruppi mineralogici. In: G Olcese, C Coletti, Ceram-
iche da contesti repubblicani del territorio di Ostia. Edizioni Qua-
sar di Severino Tognon s.r.l., Roma, Immensa Aequora 4:196–198

Conticelli S, Boari E, Avanzinelli R, De Benedetti AA, Giordano G, 
Mattei M, Melluso L, Morra V (2010) Geochemistry, isotopes and 
mineral chemistry of the Colli Albani volcanic rocks: constraints 
on magma genesis and evolution. Pp 107–140. In: Funiciello R, 
Giordano G (Eds.) The Colli Albani Volcano. Geol Soc London, 
Sp IAVCEI Publ 3

Cultrone G, Rodriguez-Navarro C, Sebastian E, Cazalla O, De la Torre 
MJ (2001) Carbonate and silicate phase reactions during ceramic 
firing. Eur J Mineral 13:621–634. https://​doi.​org/​10.​1127/​0935-​
1221/​2001/​0013-​0621

Cultrone G, Sebastian E, Elert K, de la Torre MJ, Cazalla O, Rodri-
guez-Navarro C (2004) Influence of mineralogy and firing tem-
perature on the porosity of bricks. J Eur Ceram Soc 24:547–564

De Haas TCA (2011) Fields, farms and colonists: intensive field sur-
vey and early Roman colonization in the Pontine region, central 
Italy. Groningen Archaeological Studies 15:331 pp, Barkhuis Publ 
Groningen

De Haas TCA (2017) Managing the marshes: An integrated study of 
the centuriated landscape of the Pontine plain. JASRep 15:470–
481. https://​doi.​org/​10.​1016/j.​jasrep.​2016.​07.​012

De Haas TCA (2017) The Geography of Roman Italy and its Implica-
tions for the Development of Rural Economies. In: De Haas TCA, 
Tol GW (eds) The Economic Integration of Roman Italy. Brill 
Leiden Boston, pp 51–84

De Haas TCA, Attema PAJ, Tol GW (2011) Polygonal masonry plat-
form sites in the Lepine Mountains (Pontine region, Lazio, Italy). 
Palaeohist 53/54:195–283

Dondi M, Ercolani G, Fabbri B, Marsigli M (1998) An approach to the 
chemistry of pyroxenes formed during firing of Ca-rich silicate 
ceramics. Clay Miner 33(3):443–452. https://​doi.​org/​10.​1180/​
00098​55985​45741

Gál Á, Ionescu C, Bajusz M, Codrea VA, Hoeck V, Barbu-Tudoran 
L, Simon V, Mureşan-Pop M, Zs Csók (2018) Composition, 
technology, and provenance of Roman pottery from Napoca 

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/bf01226259
https://doi.org/10.1007/s00445-009-0278-6
https://doi.org/10.5281/zenodo.8179459
https://doi.org/10.1016/j.jasrep.2016.12.011
https://doi.org/10.1016/j.jasrep.2016.12.011
https://doi.org/10.1007/s12520-020-01113-2
https://doi.org/10.1111/arcm.12823
https://doi.org/10.1111/arcm.12823
https://doi.org/10.1127/0935-1221/2001/0013-0621
https://doi.org/10.1127/0935-1221/2001/0013-0621
https://doi.org/10.1016/j.jasrep.2016.07.012
https://doi.org/10.1180/000985598545741
https://doi.org/10.1180/000985598545741


	 Archaeological and Anthropological Sciences          (2023) 15:180 

1 3

  180   Page 16 of 17

(Cluj-Napoca, Romania). Clay Miner 53(4):621–641. https://​doi.​
org/​10.​1180/​clm.​2018.​47

Giordano G, De Benedetti AA, Diana A, Diano G, Gaudioso F, Maras-
coF Miceli M, Mollo S, Cas RAF, Funiciello R (2006) The Colli 
Albani mafic caldera (Roma, Italy): Stratigraphy, structure and 
petrology. Jour Volc Geotherm Res 155:49–80

Giordano G, The CARG Team (2010) Stratigraphy, volcano tectonics 
and evolution of the Colli Albani volcanic field. In: R Funiciello, 
G Giordano (Eds), The Colli Albani Volcano. Geol Soc London, 
Spec IAVCEI Publ 3: 43–97

Gliozzo E (2020) Ceramic technology. How to reconstruct the firing 
process. In: Gliozzo E (ed), Ceramics: Research questions and 
answers. Archaeol Antrop Sci 12:260. https://​doi.​org/​10.​1007/​
s12520-​020-​01133-y

Horden P, Purcell N (2000) The Corrupting Sea. A study of Mediter-
ranean History, Oxford

Ionescu C, Hoeck V, Ghergari L (2011) Electron microprobe analysis 
of ancient ceramics: a case study from Romania. Appl Clay Sci 
53(3):466–475. https://​doi.​org/​10.​1016/j.​clay.​2010.​09.​009

Ionescu C, Hoeck V, Simon V (2011) Effect of the temperature and the 
heating time on the composition of an illite-rich clay: and XRPD 
study. Studia UBB Physica 56(2):69–78

Kreimeyer R (1987) Some notes on the firing colour of clay bricks. 
Appl Clay Sci 2(2):175–183. https://​doi.​org/​10.​1016/​0169-​
1317(87)​90007-X

Laita E, Bauluz B (2018) Mineral and textural transformations in alu-
minium-rich clays during ceramic firing. Appl Clay Sci 152:284–
294. https://​doi.​org/​10.​1016/j.​clay.​2017.​11.​025

Launaro A, Leone N (2018) A view from the margin? Roman common-
wares and patterns of distribution and consumption at Interamna 
Lirenas (Lazio). J Roman Archaeol 31:323–337

Maggetti M (1979) Mineralogisch-petrographische Untersuchung des 
Scherbenmaterials der Urnenfelder zeitlichen Siedlung Elchinger 
Kreuz, Landkreis Neu-Ulm/Donau. Kat Prähist Staatssamml 
München 19:141–172

Maggetti M (1982) Phase analysis and its significance for technol-
ogy and origin. In: Olin JS, Franklin AD (Eds.), Archaeological 
Ceramics. Smithsonian Institute Press, pp 121–133

Maniatis Y, Tite MS (1981) Technological examination of Neolithic-
Bronze Age pottery from central and southeast Europe and from 
the Near East. J Archaeol Sci 8(1):59–76. https://​doi.​org/​10.​1016/​
0305-​4403(81)​90012-1

Maniatis Y, Simopoulos A, Kostikas A (1981) Mőssbauer study of 
the effect of calcium content on iron oxide transformations in 
fired clays. J Amer Cer Soc 64:263–269. https://​doi.​org/​10.​1111/j.​
1151-​2916.​1981.​tb095​99.x

Maritan L, Mazzoli C, Nodari L, Russo U (2005) Second Iron Age 
grey pottery from Este (northeastern Italy): study of provenance 
and technology. Appl Clay Sci 29(1):31–44. https://​doi.​org/​10.​
1016/j.​clay.​2004.​09.​003

Maritan L, Nodari L, Mazzoli C, Milano A, Russo U (2006) Influence 
of firing conditions on ceramic products: experimental study on 
clay rich in organic matter. Appl Clay Sci 31(1–2):1–15. https://​
doi.​org/​10.​1016/j.​clay.​2005.​08.​007

Montana G (2020) Ceramic raw materials: how to recognize them and 
locate the supply basins – mineralogy, petrography. In: E Gli-
ozzo (Ed), Ceramics: Research questions and answers. Archaeol 
Anthrop Sci 12:175. https://​doi.​org/​10.​1007/​s12520-​020-​01130-1

Munsell A (1994) Munsell Soil Colour Charts. Munsell Colour, New 
Windsor, NY, USA

Nijboer AJ, Attema PAJ, Bouma JW, OldeDubbelink RA (1995) Notes 
on artifact and pottery production at Satricum in the 5th and 4th 
centuries BC. Pap Neth Inst Rome 54:1–38

Nodari L, Maritan L, Mazzoli C, Russo U (2004) Sandwich structures 
in the Etruscan-Padan type pottery. Appl Clay Sci 27:119–128. 
https://​doi.​org/​10.​1016/j.​clay.​2004.​03.​003

Noghani S, Emami M (2014) Mineralogical phase transition on sand-
wich-like structure of Clinky pottery from Parthian period, Iran. 
Periodico di Mineralogia 83(2):171–185. https://​doi.​org/​10.​2451/​
2014P​M0010

Olcese G (1990) Roman Coarse Ceramics from Albintimilium (Italy): 
an example of archaeometric and archaeological studies. In: E 
Pernicka, GA Wagner (Eds.), International Symposium in Archae-
ometry. Heidelberg: pp 495-504

Olcese G (2003) Ceramiche comuni a Roma e in area romana: pro-
duzione, circolazione e tecnologia (tarda età repubblicana – prima 
età imperiale). Docum Archeol 28:180 pp, Società Archeologica 
Padana Mantova

Peccerillo A (2017) Cenozoic Volcanism in the Thyrrenian Sea Region. 
2nd ed. Springer Verlag. https://​doi.​org/​10.​1007/​978-3-​319-​42491-
0_​14

Peña JT (1992) Raw material use among nucleated industry potters: The 
case of Vasanello, Italy. Archeomaterials 6(2):93–122

Pérez-Monserrat EM, Maritan L, Cultrone G (2022) Firing and post-
firing dynamics of Mg- and Ca-rich bricks used in the built 
heritage of the city of Padua (northeastern Italy). Eur J Mineral 
34:301–319. https://​doi.​org/​10.​5194/​ejm-​34-​301-​2022

Quinn PS (2013) Ceramic Petrography: The interpretation of archaeo-
logical pottery and related artefacts in thin section. Archaeopress 
Oxford, 260 pp

Quinn PS (2022) Thin Section Petrography, Geochemistry and Scan-
ning Electron Microscopy of Archaeological Ceramics. Archaeo-
press, Oxford, 466 pp. https://​doi.​org/​10.​32028/​97818​03272​702

Rathossi C, Pontikes Y (2010) Effect of firing temperature and atmos-
phere on ceramics made of NW Peloponnese clay sediments. Part 
I: reaction paths, crystalline phases, microstructure and colour. J 
Eur Ceram Soc 30(9):1841–1851. https://​doi.​org/​10.​1016/j.​jeurc​
erams​oc.​2010.​02.​002

Revello Lami M (2017) Evidenze dirette, indirette, o circostanziali? 
Topografia e archeometria della produzione ceramica a Satricum 
durante il periodo arcaico. In: MC Biella, R Cascino, AF Fer-
randes, M Revello Lami (Eds.), Gli artigiani e la citta. Officine e 
aree produttive tra VIII e III sec. a.C. nell’Italia centrale tirrenica, 
pp 389-412

Schuring JM (1986) The Roman, early Medieval and Medieval coarse 
kitchen wares of the San Sisto Vecchio in Rome: continuity and 
break in tradition. BABesh 61:158–207

Schuring JM (1987) Supplementary note to the Roman, early Medieval 
and Medieval coarse kitchen wares of the San Sisto Vecchio in 
Rome: the distribution of the fabrics. BABesh 62:109–129

Sevink J, Remmelzwaal JA, Spaargaren OC (1984) The Soils of 
Southern Lazio and Adjacent Campania. Fysisch Geografisch en 
Bodemkundig Laboratorium. University of Amsterdam 38:140 pp

Spataro M, Villing A (2015) Ceramics, Cuisine and Culture. Oxbow 
Books, Oxford

Thierrin-Michael G (2003) Petrographische Charakterisierung und 
Differenzierung der “römischen Produktion. In: Olcese G (Ed), 
Ceramiche Comuni a Roma e in area romana: produzione, cir-
colazione e tecnologia (tarda età repubblicana – prima età impe-
riale), Docum Archeol 28:55–59

Tite MS (1969) Determination of the firing temperature of ancient 
ceramics by measurement of thermal expansion: a reassessment. 
Archaeometry 11(1):131–143. https://​doi.​org/​10.​1111/j.​1475-​
4754.​1969.​tb006​36.x

Tite MS, Freestone IC, Meeks ND, Bimson M (1982) The use of 
scanning electron microscopy in the technological examination 
of ancient ceramics. In: Franklin AD (ed) Olin JS. Archaeologi-
cal Ceramics, Smithsonian Institution Press Washington DC, pp 
109–120

Tol GW (2012) A fragmented history: a methodological and artefactual 
approach to the study of ancient settlement in the territories of 
Satricum and Antium. Barkhuis Publ Groningen

https://doi.org/10.1180/clm.2018.47
https://doi.org/10.1180/clm.2018.47
https://doi.org/10.1007/s12520-020-01133-y
https://doi.org/10.1007/s12520-020-01133-y
https://doi.org/10.1016/j.clay.2010.09.009
https://doi.org/10.1016/0169-1317(87)90007-X
https://doi.org/10.1016/0169-1317(87)90007-X
https://doi.org/10.1016/j.clay.2017.11.025
https://doi.org/10.1016/0305-4403(81)90012-1
https://doi.org/10.1016/0305-4403(81)90012-1
https://doi.org/10.1111/j.1151-2916.1981.tb09599.x
https://doi.org/10.1111/j.1151-2916.1981.tb09599.x
https://doi.org/10.1016/j.clay.2004.09.003
https://doi.org/10.1016/j.clay.2004.09.003
https://doi.org/10.1016/j.clay.2005.08.007
https://doi.org/10.1016/j.clay.2005.08.007
https://doi.org/10.1007/s12520-020-01130-1
https://doi.org/10.1016/j.clay.2004.03.003
https://doi.org/10.2451/2014PM0010
https://doi.org/10.2451/2014PM0010
https://doi.org/10.1007/978-3-319-42491-0_14
https://doi.org/10.1007/978-3-319-42491-0_14
https://doi.org/10.5194/ejm-34-301-2022
https://doi.org/10.32028/9781803272702
https://doi.org/10.1016/j.jeurceramsoc.2010.02.002
https://doi.org/10.1016/j.jeurceramsoc.2010.02.002
https://doi.org/10.1111/j.1475-4754.1969.tb00636.x
https://doi.org/10.1111/j.1475-4754.1969.tb00636.x


Archaeological and Anthropological Sciences          (2023) 15:180 	

1 3

Page 17 of 17    180 

Tol GW (2017) From surface find to consumption trend: a ceramic 
perspective on the economic history of the Pontine region (Lazio, 
central Italy) in the Roman period. In: De Haas TCA, Tol GW 
(eds) The Economic Integration of Roman Italy. Barkhuis Publish-
ing, Eelde/Groningen, pp 367–387

Tol GW, Borgers B (2016) An Integrated Approach to the study of local 
production and exchange in the lower Pontine Plain. J Roman 
Archaeol 29:349–370

Tol GW, De Haas TCA, Sevink J, Schepers M, Ullrich B, De Neef W 
(2021) “There’s more than meets the eye”: Developing an inte-
grated archaeological approach to reconstruct human-environment 
dynamics in the Pontine marshes (Lazio, Central Italy). Geoar-
chaeology 36(1):109–129. https://​doi.​org/​10.​1002/​gea.​21814

Tol GW, De Haas TCA (2013) Pottery production and distribution 
in the Pontine Region: a review of Data of the Pontine Region 
Project. In: Olcese G (Ed.) Immensa Aequora Workshop Ricerche 
archeologiche, archeometriche e informatiche per la ricostruzione 
dell’economia e dei commerci nel bacino occidentale del Mediter-
raneo (metà IV sec. a.C. - I sec. d.C.), Atti del convegno Roma 
24-26 gennaio 2011, Edizioni Quasar di Severino Tognon, Roma, 
pp 149–161

Ugolini FC, Dahlgren RA (2002) Soil development in volcanic ash. Global 
Environ Res 6(2):69–81

Van Leusen PM, De Haas TCA, Pomicino S, Attema PAJ (2003/2004) 
Protohistoric to Roman settlement on the Lepine margins near 
Ninfa (south Lazio, Italy). Palaeohistoria 45-46:301–346, 
Barkhuis Publ Groningen

Van Leusen PM, Tol GW, Anastasia C (2009/2010) Archaeological 
sites recorded by the GIA Hidden Landscapes survey campaigns 
in the Monti Lepini (Lazio, Italy), 2005-2009 Palaeohistoria 
47/48:329–425, Barkhuis Publ Groningen

Warr LN (2021) IMA–CNMNC approved mineral symbols. Mineral 
Mag 85(3):291–320. https://​doi.​org/​10.​1180/​mgm.​2021.​43

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Authors and Affiliations

Barbara Borgers1   · Corina Ionescu2   · Ágnes Gál3   · Tymon De Haas4   · Lucian Barbu‑Tudoran2,5 

 *	 Barbara Borgers 
	 barbara.borgers@univie.ac.at

	 Corina Ionescu 
	 corina.ionescu@ubbcluj.ro

	 Ágnes Gál 
	 agnes.gal@ubbcluj.ro

	 Tymon De Haas 
	 tymon.de.haas@rug.nl

	 Lucian Barbu‑Tudoran 
	 lucian.barbu@ubbcluj.ro

1	 Department of Classical Archaeology, University of Vienna, 
Franz Klein‑Gasse 1, 1190 Vienna, Austria

2	 Electron Microscopy Center, Babeş-Bolyai University, 5‑7 
Clinicilor Str, 400006 Cluj‑Napoca, Romania

3	 Department of Geology, Babeş-Bolyai University, 1 
Kogălniceanu Str, 400084 Cluj‑Napoca, Romania

4	 Institute of Archaeology, University of Groningen, 
Groningen, the Netherlands

5	 National Institute for Isotopic and Molecular Technologies 
(INCDTIM Cluj-Napoca), 67‑103 Donath Str., Cluj‑Napoca, 
Romania

https://doi.org/10.1002/gea.21814
https://doi.org/10.1180/mgm.2021.43
http://orcid.org/0000-0002-3739-9866
http://orcid.org/0000-0001-8704-9816
http://orcid.org/0000-0001-5366-3340
http://orcid.org/0000-0002-3138-7012
http://orcid.org/0000-0003-0360-016X

	Roman Republican coarse ware from Norba, Southern Lazio (Italy): a multi-analytical study of production technology and trade
	Abstract
	Introduction
	Geological background
	Archaeological background

	Materials and methods
	Results
	Macroscopic analysis
	Optical microscopy
	X-ray diffraction
	Cold field emission scanning electron microscopy with energy-dispersive X-ray spectrometry
	Microstructure of the matrix
	Firing products
	Inclusions


	Discussion
	Technology
	Distribution

	Conclusions
	Acknowledgements 
	References


