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Chapter 11 )
Production and Demand of Salt in Ancient o
Italy from the Bronze Age to the Roman

Period

Peter Attema, Luca Alessandri, Francesca Bulian, Jan Sevink,
and Agostino Sotgia

Abstract This chapter presents an overview of current knowledge on the modes of
marine salt production and related food production along the Italian coasts from the
second millennium BCE to the Roman imperium. It explores the growing demand
for salt in the context of the early urban Etruscan and Latin economies and the sub-
sequent Roman colonization and examines the ways in which this challenge was
met by technological change and geopolitical control.

Keywords Salt - Demand - Archaeology - Ancient Italy - Briquetage - Salinae

11.1 Introduction

This chapter provides an overview of current knowledge regarding the environ-
ments, methods, demand, and organization of marine salt production and associated
food production along the Italian coasts from the second millennium BCE to the
Roman imperium. There was a growing demand for salt within the context of early
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urban Etruscan and Latin economies, followed by Greek and Roman ones. This
demand presented a major challenge that was met through technological and orga-
nizational changes aimed at increasing scale and geopolitical control. First, we out-
line ancient Italy’s dependence on marine salt and assess the suitability of its coasts
for marine salt production and related activities, such as food preservation. Next, we
discuss two prevalent methods of salt production. The first is briquetage, which
refers to the coarse ceramic vessels and supports used in the fire-induced evapora-
tion of seawater-based brine to produce salt cakes. The second method involves
salterns (in Latin: salinae), referring to the evaporation of seawater in a sequence of
artificial basins to obtain crystallized salt. Due to unprecedented population growth
in the first millennium BC, a transition to almost exclusive use of salterns occurred
to meet the rapidly increasing demand for salt. An increase in the output of brigu-
etage-related industries took place during the advanced Iron Age, coinciding with
the emergence of the first cities. We hypothesize that the transition from briguetage
to salterns was completed by the onset of the Roman period. Quantifying the grow-
ing salt demand in relation to demographic growth and urbanization offers insight
into the scale of the economy involved in salt-making and related activities, particu-
larly in the food industry. Finally, we reflect on the changes in the organization of
salt production from the Middle Bronze Age to the Roman period. For toponyms
mentioned in this paper, please refer to Fig. 11.1a,b.

11.2 Ancient Italy’s Dependence on Marine Salt

Since ancient times on the Italian peninsula, seawater has served as the predominant
source of salt due to the scarcity of rock salt deposits. These deposits are largely
limited to Sicily and small areas in Calabria and Tuscany (e.g., Blanco & Faaij,
2018) (Fig. 11.2). Consequently, archaeological sites related to salt production from
the Bronze Age to the Roman period have been identified along Italy’s coastline,
particularly along the Ligurian and Tyrrhenian Seas, with additional sites located
along the northern Adriatic and the western coast of Sicily (for a list of these sites,
see Alessandri et al., 2019, 2021; Carusi, 2008). This dense concentration of salt
production sites, including both briguetage and salterns, can be attributed to the
paleoenvironmental conditions and natural resources that favored such production
along these coastal stretches, as discussed in greater detail below (see Bulian et al.,
2024 for an environmental overview).

Many salt production sites have been discovered in low-lying coastal zones or
near areas that were once coastal lagoons, sharing a common geological origin.
During the Early Holocene, climate warming led to the gradual melting of global
ice caps and a rapid rise in sea level (Lambeck et al., 2004, 2011), resulting in exten-
sive flooding of coastal areas, which currently form the Mediterranean Sea’s conti-
nental shelf. In regions where sediment input kept pace with rising sea levels, such
as the deltas of larger rivers like the Tiber, Arno, Po, and Garigliano, open lagoons
and beach ridges developed (e.g., Bellotti et al., 2011; Ferrari et al., 2013; Kaniewski
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Fig. 11.1 (a, b) Toponyms and sites (red circles) mentioned in the text. Background: NASA
Shuttle Radar Topography Mission (SRTM) (2013) (Farr et al., 2007)
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Fig. 11.2 The briquetage sites, the ancient salterns, and the Early States along the central Italian
Tyrrhenian coast (after Alessandri & Attema, 2022)

et al., 2018). As sea levels continued to rise, these lagoons eventually became sub-
merged. However, around 4000 BCE, the rate of sea level rise slowed, leading to the
formation of the first beach ridge-lagoon systems that still exist today (e.g., Vacchi
et al., 2021). Many larger Italian deltaic systems experienced outward growth,
resulting in the establishment of extensive lagoonal systems. The earliest salt pro-
duction sites were identified within these early systems (i.e., Isola di Coltano,
Pelliccione, Tarquinia, Caprolace, Puntone) (Attema & Alessandri, 2012; Mandolesi,
2014; Pasquinucci et al., 2001; Sevink et al., 2021). As sea level rise continued to
decelerate and anthropogenic erosion increased sediment supply, the development
of beach ridge-lagoon systems was enhanced, leading to shallower lagoons.

The late Holocene climate shifted from wetter to drier conditions (Pérez-Obiol &
Sadori, 2007; Sadori & Narcisi, 2001), with notably lower precipitation in coastal
zones, resulting in a significant annual deficit of 400-500 mm (Costantini & Dazzi,
2013). Under such conditions, any lagoon isolated from the sea by a (semi-)closed
beach ridge, without substantial freshwater input from rivers, was likely to become
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saline. This change made lagoons ideal for salt production using techniques like
briquetage, which exploit highly saline waters and/or sediments. While the briqu-
etage method is a relatively simple and easily applicable process, more advanced
techniques are required for salterns. Once available, these lagoons could be adapted
and transformed into evaporating ponds using a system of channels, eventually
incorporating systems to raise water levels, such as water wheels (Carusi, 2008 and
references therein).

Conditions along the Italian coast varied, resulting in a complex and non-uniform
distribution pattern of lagoons. Larger rivers like the Tiber and Arno experienced
massive growth, with lagoons filled with sediment. In contrast, the coast between
Torre Astura and Mount Circeo in South Lazio formed a continuous beach ridge due
to longshore transport of mostly sandy or coarser sediment (Fig. 11.2). In areas
where clastic sediment supply was low and insufficient to fill lagoons, deeper
lagoons prevailed, which were less suited for salt production, whether by brigu-
etage or salterns. Typical examples include the Sabaudia and Fondi lagoons. In the
Garigliano area, the development of beach ridge-lagoon systems was intermediate,
transforming the lagoon into a freshwater lake and marshland due to substantial
clastic sediment influx from the Garigliano River (Aiello et al., 2021).

Further from river mouths, where sediment supply was low, no lagoons formed,
and the coastal morphology was determined by the interplay between eustatic varia-
tions and tectonic movements (Lambeck et al., 2011). This process led to the devel-
opment of stair-cased erosional marine terraces, with the most recent often at the
current sea level (Marra et al., 2019a). Such coastal configurations can be found
along several sectors of the Tyrrhenian, Ligurian, Ionian, and Adriatic sea coasts
(e.g., Bonadonna, 1967; Carobene & Cevasco, 2011; De Santis et al., 2021; Marra
et al., 2019b). These types of coastal areas are evidently less suited for salterns,
while the briquetage technique can still be practiced, as evidenced by the fairly
common occurrence of human-made structures such as pits and ditches, presumably
used for brine concentration during briquetage-related activities. Such formations
have been reported in various coastal sites, although their use is not always clear
(Belardelli et al., 2021).

In terms of terrain and environmental conditions, the Italian coastal zone can be
characterized as suitable for brine boiling but less so for salt production by salterns.
Climate, particularly potential evaporation, creates optimal conditions for brine pro-
duction during the dry summer season, facilitating the use of briguetage. Optimal
conditions also existed regarding other requirements, such as the availability of fuel
and raw materials for ceramic production. Currently, and even more so in the late
Holocene, the Italian peninsula was densely vegetated. Especially along the coasts,
both arboreal and macchia vegetation were widespread (Foss et al., 2002; Magri
et al., 2015), rendering wood fuel readily available. Availability of pottery clay was
not a problem, considering that over 80% of Italy is underlain by sedimentary rocks,
with abundant fine-grained clastic rocks (Bucci et al., 2022).
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11.3 Salt Demand in Italy from Protohistory
to the Roman Period

In Bronze and Iron Age Italy, demographic growth took place in the territories sur-
rounding the coastal plains and river valleys, where access to the sea and to the
uplands was relatively easy. This dynamic of the concentration of people in territo-
ries with access to both marine and upland resources resulted in the formation of
early complex societies featuring, in many cases, substantial nucleated territorial
settlements. While this development occurred in several regions across the penin-
sula, this settlement dynamic was especially evident in Southern Etruria and Latium
Vetus, where around the turn of the first millennium BCE, a pattern of dispersed
villages contracted into a centralized one. This process, known in the literature as
the ‘Protourban Turn’ (Alessandri, 2013; Cardarelli, 2018; di Gennaro, 1986, 2000;
Pacciarelli, 2001, 2016), is linked to profound changes in strategies to control and
exploit the territory (recently discussed in Sotgia, 2024 with previous bibliography).
The changes included the formation of the Etruscan and Latial city-states and later
of Rome itself (Carandini, 1997; Cifani, 2020). Preferred locations concerned two
types of landscapes: elevated positions in the coastal plains or inland along fluvial
communication routes. These choices reflect the intention to control and conse-
quently exploit a broader range of resources than agro-pastoral ones. During the
Iron Age, peripheral locations characterized by the presence of other types of
resources gained in importance, such as the ore deposits of the Tolfa Mountains in
Etruria for metal production, lagoon and marine fish along the Tyrrhenian Sea, and
marine salt, which is the subject of this paper.

The demand for salt increased considerably during the Archaic period due to
demographic growth and economic expansion. Cities in Italy grew in size and in
number, especially in southern Italy and Sicily, where the rise of Greek colonies led
to growing numbers of urban and rural settlers and subsequently to economic expan-
sion. This process continued during the Hellenistic period, when urbanization
spread rapidly over inland parts of the landscape, as shown, for instance, in Sewell’s
inventory of Hellenistic cities (Sewell & Witcher, 2015). Urbanization increased the
demand for salt. Hellenistic urbanization partially overlapped with the foundation
of Roman colonies, the effects of which on the spread of urban cores all over the
Mediterranean have been addressed by Hanson and de Ligt in recently completed
data projects (De Ligt & Bintliff, 2020; Hanson, 2016). Palmisano et al. (2017,
2018) noticed a peak population in the Final Bronze and Early Iron Age. Robert
Witcher (2008) and others observed a substantial increase during the Republican
and Early Imperial period. In sum, there was overall demographic growth over this
long period, implying an unprecedented necessity to increase economic perfor-
mance, primarily related to the provision of sufficient food to feed the cities
(Jongman, 2016).

Salt played a crucial role in the food industry. The demand for salt was primarily
connected to the physiological needs of humans and animals and its use in preserv-
ing perishable food, i.e., meat, fish, and vegetables (Alessandri et al., 2019; Marzano,



11 Production and Demand of Salt in Ancient Italy from the Bronze Age to the Roman... 217

2013). Salt is also needed for making cheese, processing olives, and the preparation
of salted fish, fish sauces, and meat. Due to the development of knowledge about the
properties of sodium chloride (summarized in Book 31 of Pliny the Elder’s Naturalis
Historia), salt quickly gained importance in fields beyond the food economy. It was
used in textile production, leather tanning, metallurgy, and possibly the ceramic
industry (Di Fraia, 2011, pp. 26-27). When salt is added to a clay paste, vessels
acquire excellent insulating properties (Erdogu & Ozbasaran, 2007, p. 140),
although this practice has not been attested for ancient Italy. Finally, the medical
and symbolic-ritual use of salt should not be overlooked, even if this likely accounted
for only a small portion of the total salt needed in protohistoric to Roman Italy. In
short, salt held such importance in the ancient world that it became a true commod-
ity for exchange, considered akin to a luxury item, even earning the ‘divine’ appel-
lation (Homer Iliad 9, pp. 211-214).

We quantify the increased demand for salt, how this necessitated a change in the
scale and organization of production, and ways used to safeguard its daily provision.
To estimate the increase in the scale of marine salt production, we discuss the modes
of marine salt extraction in protohistoric and Greek and Roman Italy, relating this to
the environmental conditions discussed above. We quantify estimates of salt for
various uses, presenting two case studies for which we model the total salt demand,
including one case study from the protohistoric period, Tarquinia, and one from the
Roman period, Pompeii. Next, we discuss the demand and control of salt production
in the context of early state formation and during Greek and Roman expansion.

11.4 Modes of Marine Salt Extraction in Protohistoric
and Roman Italy

Salt extraction from brine entails evaporation to obtain crystallized salt. There are
two main techniques: one involving fire and the other solar radiation. In ancient
times, particularly in Italy and Europe, the former primarily comprised boiling brine
in dedicated coarse ceramic containers that were placed on ceramic supports,
although other methods using fire exist (Brigand & Weller, 2015, pp. 13-29;
Harding, 2013, pp. 27—-41). Evaporation by solar radiation requires salt pans (sali-
nae), whereby water is led through interconnected basins until salt precipitates
(Harding, 2021, pp. 13-17; Marzano, 2013, pp. 126-129). With either method,
chemical components precipitate in a fixed order before salt fit for consumption can
be obtained: first calcium carbonate, followed by calcium sulfate (gypsum) and
sodium chloride (common salt). Next, a series of other salts precipitate that are
known as “bitterns” due to their bitter taste. Artisan salt makers in Japan heat brine
slowly to ensure that bittern (magnesium chloride) is included, as they consider bit-
tern tasty (McKillop, 2019, p. 36). Salt fit for human consumption is often harvested
before that point (Marx et al., 2019, p. 89). Marine salt that forms naturally, for
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instance, in cavities along the coast that fill up with seawater, is therefore not suit-
able for human consumption.

How impurities were removed as part of the briquetage method is still unclear,
but the process may have involved decantation in different containers or pits during
the boiling phase, perhaps following initial natural evaporation in small basins until
the right stage had been reached for salt crystallization. This process occurred in
ceramic containers. At the briquetage site of Puntone, in northern Etruria, dating to
the early Iron Age to Archaic period (Cinquegrana, 2025), an interesting aspect of
the chaine opératoire has been reconstructed for the transitional phase between the
Late Bronze and Early Iron Age. Chemical analyses and ethnographic parallels
indicate that brine was obtained by leaching seawater-saturated sand recovered
from the edges of the nearby lagoon (a process also known as lixiviation; see also
Marzano, 2013, p. 129 for the Roman period). After boiling the brine in ceramic
containers, salt was recovered after the precipitation of sodium chloride but before
the precipitation of the “bitter” salts (Sevink et al., 2021). In general, however, iden-
tification of the briquetage technique in Italy is based on the presence of artifacts
known from contexts elsewhere, i.e., ceramic supports (pedestals) and significant
quantities of fragments of reddish ceramic containers, ollae. The heaps of pottery
sherds found at briquetage sites would then result from breaking the containers to
extract the salt cake (Harding, 2021, pp. 39-54). Salt workers evidently broke the
vessel just above the base of the container to remove scorched salt sticking to the
base (Dekoninck, 2017, p. 178). The practicality of the ceramic shapes allegedly
used for obtaining salt cakes, as found in Italian contexts, is, however, debated. The
closed forms found in briquetage debris heaps may not have been conducive to the
evaporation process but instead served in food processing.

Several scholars have argued that multiple economic activities took place at sites,
which in the Italian context would have included the processing and preservation of
foodstuffs, notably fish (Alessandri et al., 2019; Belardelli, 2013; Belardelli et al.,
2021; Di Fraia, 2023; di Gennaro et al., 2023; Marzano, 2013, pp. 89-122 for its
importance in the Roman economy). In Italy, the earliest evidence of salt production
with briquetage comes from the sites of Caprolace (Alessandri et al., 2019) and
Isola di Coltano (Pasquinucci & Menchelli, 2002), both dating to the Middle Bronze
Age. The frequent use of briquetage continues until at least the sixth century BCE
(Alessandri et al., 2019; Mandolesi, 1999, 2014), likely overlapping chronologi-
cally with the earliest use of larger scale salt pans (Alessandri & Attema, 2022). The
practice continues, however, outside Italy in the Roman provinces of northwestern
Europe into Imperial times (see Harding, 2021 for an overview).

For Italy, recent research by the University of Groningen at the site of Piscina
Torta (first recorded by Pisani Sartorio & Quilici Gigli, 1984) confirms the continu-
ation of briquetage into the sixth century BCE on the Tyrrhenian coast while on the
Adriatic coast, at the Etruscan site of Spina, an instance has been recorded dated to
the Hellenistic period (Reusser, 2017). The team of the University of Groningen and
the University of Roma La Sapienza working at Piscina Torta investigates since
2022 an area of approximately 20 h with an extraordinarily dense concentration of
reddish ollae potsherds. In the excavations, both ceramic supports and furnaces have
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been found (Alessandri et al., 2024). Dating between the mid-seventh century and
the sixth century BCE, the site is situated in the southernmost part of the Ostia
lagoon, positioned on a beach ridge between a lagoon and the sea (Figs. 11.1b and
11.2). The beach ridge is intersected by a channel of late Pleistocene origin, which
possibly reopened to give easy access to the sea. The modifications to the channel
coincide with the production activities at the site. The abundance of ceramic frag-
ments and the extent of the site suggest that production was not solely meant for
local consumption but instead supplied a much larger area, including Rome. Given
the considerable power, growth, and influence of Rome (Cifani, 2020), and with
Piscina Torta located 22 km (in a straight line) from the Urbs, these activities may
have occurred under Roman control.

To keep pace with population growth in the Roman period, the labour-intensive
and energy-consuming briquetage mode of salt production must, according to us,
have been largely substituted by salinae, i.e., salt production using large precipita-
tion basins, a method requiring considerable hydro engineering skills, skilled work-
ers, and territorial control (Marzano, 2013, pp. 123—-141). To substantiate our claim
of a significant increase in salt demand at such an early period and further increase
during Hellenistic and Roman times, we present below an estimation of salt demand
for both a protohistoric early urban (Etruscan Tarquinia) and a Roman urban context
(Pompeii). While there is support from the ancient sources for the transition to salt-
erns, actual identification of salt pans, especially from this early period, is challeng-
ing. Most archaeological evidence dates from the later Republican and early
Imperial period (Harding, 2021, pp. 57-66; Marzano, 2013, pp. 213-214).

Historical sources mention two ancient salinae near the lagoons at the Tiber’s
mouth. One is the salinae of the Ostia lagoon, allegedly established under king
Ancus Marcius in the seventh century BCE and under Rome’s control (Liv. 1.33;
Plin. H.N. XXXI.41). The other is the salinae in the Maccarese lagoonal environ-
ment near present-day Fiumicino, in antiquity known as the Campus Salinarum
Romanarum (Morelli & Forte, 2014) (Fig. 11.2). Campus was under the control of
the Etruscan city-state of Veii (Guarnieri, 2019, p. 13; see for the ancient sources on
this topic in general Carusi, 2008, pp. 135-138). An environmental indication that
the lagoons were exploited for salt production, is the possibly human-induced
increase, around the seventh century BCE, of the degree of salinity in both lagoons
(Bellotti et al., 2011; Di Rita et al., 2010). In both cases, the creation of an artificial
opening between the sea and lagoons allowed seawater to enter, facilitating salt
production. However, there is only evidence for a much later existence of such an
opening which so far exclusively concerns the salinae in the Vignole area, near the
edges of the Maccarese lagoon (Grossi et al., 2015). A dam, about 1 km in length,
has been identified, composed of amphorae (Dressel 6a, 6b, and 20) placed verti-
cally in the ground, marking the eastern boundary of the lagoon. The dam was
punctuated by several openings, constructed with masonry and equipped with sluice
gates, enabling water to flow into a complex system of artificial channels spanning
over tens of hectares (Figs. 11.2 and 11.3). Brackish water from the lagoon may
have entered the system through the dam to subsequently flow into a network of
channels spread out across the territory east of the dam. Once within the system, the
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Fig. 11.3 The hydraulic system found in the Vignole area. (a) The structures and channels (in red),
superimposed to the aerial photography; (b) the second walled channel (from Grossi et al., 2015)

saline water would overflow from the channels onto the open areas in between,
where the brine evaporated, and salt crystallisation occurred. The precise function-
ing of the system remains obscure. The system is similar, albeit on a much larger
scale, to the only other Roman-era salt works found in Italy, near Cervia (Guarnieri,
2019) (Figs. 11.1a and 11.4). The infrastructure of these salt pans, unearthed in
excavations, comprises a series of channels, often equipped with wooden sluice
gates at their ends, terminating in basins where the initial stages of evaporation
likely occurred. The remains, dating from the late third century BCE to the mid-first
century CE, are situated adjacent to an area formerly occupied by a brackish water
lagoon, presumably serving as the initial supply basin. The output of salt from the
salterns arguably surpassed the largest briguetage site. Below we show why such
scale increase in production was needed.
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Fig. 11.4 The channels and the structures in the Cervia sector 2. The numbers in the rectangle
refer to the stratigraphic units (from Guarnieri, 2019)

11.5 Quantifying the Demand for Salt

Estimating the extent of ancient salt production without access to written records
presents a challenge, as salt production leaves no easily recognizable archaeological
traces, and our knowledge of the production areas where salt was harvested is lim-
ited. However, some estimates have been made for the ancient Maya by using eth-
nographic analogies to historic salt production (see McKillop & Sills, 2022;
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McKillop & Sills, this volume). Cifani (2020, p. 35) proposes that one cubic meter
of ‘exploited’ seawater was needed to produce 30 kg of salt. A similar quantity is
reported by Akridge (2008, p. 1456) in his study of salt production at the pre-
industrial Mexican site of La Placita. Slightly higher estimates for the Caunos site
in Turkey are provided by Garcia Vargas and Martinez Maganto (2017, pp. 206-209),
which assume that the 125,000 L of water processed at the site yielded between
4.167 and 5.000 kg of salt, equating to a production rate of 33-40 kg/m?®. Marzano
(2013, p. 214) builds on Moinier (1985, p. 77) and proposes a yield of 1 kg of salt
per 17 kg of seawater. Using the conversion ratio of 1 kg of water equaling 0.001 m?,
this results in an estimated yield of 58 kg of salt per m*. To provide a rough estimate
of the scale of production for various periods, we can indirectly assess salt demand
for individual communities and assume that this demand was roughly met.

We propose a mathematical model based on estimates of human and animal pop-
ulations, as suggested by Moinier (2011). Various estimates exist in the literature
(see Table 11.1) regarding the amount of salt needed daily by humans and animals.
Multiplying this daily requirement by the number of inhabitants in a settlement
results in an estimate of the annual salt demand for that community. Cato (De Agr.
LXVII, 58) suggests a daily salt consumption of 18-23 g (7-8.3 kg/year) per slave.
However, Di Fraia (2011, p. 30) notes that this estimate may be too high, as it is
influenced by the conditions of slave labor—which requires greater mineral salt
intake due to exertion—and also includes salt used for medical or non-nutritional
purposes. Di Fraia thus suggests a lower average consumption for an adult individ-
ual of 2-3 g of salt per day (1.1 kg/year). Other estimates fall between these
extremes, averaging around 2.3 kg annually. Ziétkowski (2005, p. 52) posits that a
person needs 5 g of salt daily (2 kg/year). This estimate is slightly increased by
Cifani (2020, p. 34), who hypothesizes a minimum daily salt consumption of 6 g
(2.5 kglyear) per person. Dardeniz (2023, p. 47, after Potts, 1984, p. 268) proposes
an even higher daily salt consumption of 10 g for adults, estimating an annual
demand of 3.6 kg. Similar to this latter estimate is one proposed by Moinier (2011,
pp. 138-139) and echoed by Garcia Vargas and Martinez Maganto (2017,
pp- 206-209), which estimates daily consumption between 9 and 12 g per capita,
resulting in an annual consumption of 3.2-4.3 kg.

Table 11.1 Estimates of the amount of salt daily required by humans and animals

Di Fraia | Dardeniz | Moinier | Ziétkowski | Cifani Johansson

(2010) (2023) (2011) (2005) (2020) | (2008) Average
Humans |1.1kg/ |3.6kg/year 3.2-4.3 2 2.5kg/ |- 2.7 kg/
year kg/year kgl/year year year
Cattle - - - 30 kg/year 20kg/ | 14.6 kg/ 21.5 kg/
year year year
Sheep/- |- - - 2 kg/year 5 kg/ 1.4 kg/year | 2.8 kg/
goats year year
Horses | — - - 30 kg/year 20kg/ | 7.2 kglyear |19 kg/

year year
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For the salt needs of various animal species, proposed estimates vary slightly.
Zidtkowski (2005, p. 52) suggests annual salt consumption of 2 kg for sheep and
goats and 30 kg for cows and horses. In contrast, Cifani (2020, p. 34) increases the
requirement for sheep and goats to 5 kg annually and reduces that for cows and
horses to 20 kg/year. Averaging these two proposals yields figures more in line with
contemporary zootechnical parameters (Johansson, 2008), where a cow consumes
an average of 14.6 kg of salt per year, a sheep or goat 1.4 kg annually, and a horse
an average of 7.2 kg of salt per year. In what follows, we first examine the urban
center of Tarquinia in Etruria as it appeared at the beginning of the Iron Age to dem-
onstrate a practical application of the proposed method to a protohistoric context.
We then turn our attention to a Roman context, specifically the city of Pompeii.

11.5.1 Tarquinia

With estimates of the human and animal population in a settlement area, we can
quantify the total amount of salt required annually using a simple equation. The fol-
lowing estimates were obtained through land evaluation techniques applied to the
landscape controlled by the settlement of Tarquinia (Sotgia, 2021). By reconstruct-
ing a predictive model of the most suitable areas for agro-pastoral exploitation, one
can hypothesize the size of the wheat fields and pastures utilized by the site. This
model is capable of calculating, based on productivity estimates, both the amount of
food produced and the maximum number of animals reared by the community
(Sotgia, 2023, p. 273).

The data yield an estimated population of 17,670 people, along with 1882 cows
and 9640 sheep and goats. Based on the average consumption rates shown in
Table 11.1, the annual salt requirement for Tarquinia was at least 115 tonnes. If we
consider Cifani’s (2020, p. 35) production estimate of 30 kg of salt per cubic meter
of seawater, it appears that the settlement of Tarquinia at the beginning of the Iron
Age would have needed to “process” at least 3800 m® of seawater per year to sustain
its population and livestock. If we instead consider Marzano’s yield of 58 kg/m’, the
amount of seawater required is reduced to 1982 m?. Since both these volumes are
lower than the current extent of the lagoon in the Saline di Tarquinia area
(1.00 ha = 10,000 m?), the required production seems plausible. A portion of the
obtained salt could have been used beyond dietary needs, employed in artisanal
production, and especially as a trading commodity.

11.5.2 Pompeii

For the Roman period, we consider the city of Pompeii and the demographic esti-
mate proposed by Flohr (2016: ch. 2). Using Wallace-Hadrill’s work (1994) as a
foundation, which focuses on the average number of people that could be
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accommodated in various building types in Pompeii, Flohr provides a population
range for the site between 7291 and 11,571. After defining the extension of the
city’s suburb using Thiessen polygons, Flohr adds more people based on the aver-
age number of individuals per hectare, ranging from 116 to 385 people per hectare.
The overall range proposed is between 7677 and 13,624, rounded to 7500-13,500
people. The maximum total population of 13,500 inhabitants results in an annual
salt demand of 31,050 kg and consequently an exploitation of at least 535-1035 m?
of seawater (depending on the production estimate used). This figure would repre-
sent the minimum production capacity of the salt works of Pompeii, which, accord-
ing to Murolo (1995), may have been located about 1 km west of the town along the
ancient shoreline (see also Harding, 2021, p. 63). This capacity would, however,
solely ensure the sustenance of the city’s residents and those in the surround-
ing suburb.

To determine a more “realistic” production estimate, one would need to add the
salt necessary for maintaining animals and for any other activities. Based mainly on
Cato’s De Agricultura, Moinier mentions that baking bread requires one modius
(approximately 4 kg) of salt per 420 kg of dough, translating to about 1 kg of salt
per 100 kg of dough. For the brining of a modius of olives, one would need half a
Roman pound of salt (over 160 g), and for the preservation of a pig, half a modius
of salt (Moinier, 2011, pp. 137-140). Particularly for these latter productions, pre-
cise numerical data are rarely available. Estimates are not always possible to pro-
vide an accurate quantification of the demand for salt related to various uses.
Therefore, we start from the estimate obtained through the demographic analysis of
residents and animals. With Moinier’s assessments, we can provide a rough idea of
the overall magnitude of salt demand. This process allows those interested to con-
sider (and calculate somewhat arbitrarily if needed) a hypothetical amount of
“extra” salt to be added to the salt demand of the analyzed context.

In principle, the above calculations for two cities from different periods can be
used in combination with the demographic estimates and the number of settlements
through time on the Italian peninsula to obtain a general trend in salt demand from
the Bronze Age to the Roman period. This information will be useful in understand-
ing scale differences in the salt economy during this long period in different regions
and the ways salt and salt-related economies were organized and had to be controlled.

11.6 Organization and Control of Salt Production
from Protohistory to the Roman Period

Based on the evidence from the Middle Bronze Age, for which the earliest estab-
lished salt production has been found on the coast of South Lazio and South Tuscany,
we assume that the scale of salt production using the briguetage method was still
modest and part of a coastal or lagoon community’s subsistence activities. However,
we must also consider that trading in salt cakes with inland communities likely
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existed (Harding, 2013, pp. 92-97). Production during this early period must have
already been aimed at creating a surplus. The settlement of Caprolace, located in the
lagoon environment south of Rome, serves as an example (Alessandri et al., 2019).

It is plausible to imagine that salt cakes were transported from the lagoon’s shore
inland along a route connecting this settlement to other small communities in the
Pontine Plain and beyond to areas in the mountains (Fig. 11.1b). The exchange of
salt cakes from brine boiling occurred between lagoon salt works and coastal and
inland communities in the Maya area (McKillop, 2019). This trade may have func-
tioned within a system of short-distance vertical transhumance between lowlands
and nearby highlands, a practice suggested for prehistoric Central Italy by Dolfini
(2020, p. 517 ff.). Certainly, salt cakes were part of the exchange network among
settlements.

At Caprolace, the modes of production appear to have evolved from domestic to
specialized. Initially, evidence of salt production was found integrated within the
domestic context. However, during the final phase of the Middle Bronze Age, evi-
dence pointed to a concentration of salt production in a dedicated area (Alessandri
etal., 2019). In the Final Bronze Age and Early Iron Age, the mode and scale of salt
production changed significantly, as previously discussed, leading to the prolifera-
tion of so-called “special activity sites” that did not yield any settlement evidence
along the Tyrrhenian coast. Archaeologically characterized by an abundance of red-
dish ollae sherds and ample remains of furnaces and other production debris, these
sites must be viewed as part of the contemporary early urban transition in Etruria.
The geographical distribution of these special activity sites suggests that a form of
territorial control had developed (Attema et al., 2024). The sheer quantity of these
special activity sites, their archaeological signatures, and the possible environmen-
tal adaptations made to improve conditions for salt production indicate specialized
labor and strong socio-economic ties between these production sites and the early
urban centers inland.

Salt demand from the inland early urban population centers would have been
substantial, similar to the demand for salted foodstuffs such as salted fish and per-
haps an early form of fish sauce comparable to the later Roman garum (di Gennaro
et al., 2023; Grainger, 2021). Recent evidence also suggests that seafarers engaged
in overseas trade within the Etruscan archipelago were provisioned with ollae that
may have contained salted foodstuffs. Based on the extent and archaeological sig-
natures of special activity sites, Etruscan salt production sites have been labeled as
“protoindustrial” (Belardelli, 2011). For the advanced Iron Age and Archaic period,
this designation may be further supported by ongoing excavations at the extensive
special activity zone of Piscina Torta, located in the lagoon south of Ostia, which
have revealed evidence of kilns and furnaces from various periods. These kilns and
furnaces are associated with overwhelming quantities of reddish ollae of various
shapes, indicating large-scale production for multiple purposes, including pottery
firing, brine evaporation, and food processing alongside salt production (Alessandri
et al., 2024).

The scale of production supports the hypothesis that early states controlled por-
tions of the coast for various economic purposes, particularly for production and
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trade, with a specific focus on salt extraction (Fig. 11.2). The main city-states in
Etruria—Caere, Tarquinia, and Vulci—during the Orientalizing and Archaic peri-
ods, invested in the establishment and maintenance of thriving ports along the coast,
namely Regae, Gravisca, and Pyrgi, each featuring facilities to host seafarers,
accommodate trading, and provide places of worship (Baglione, 2013; Baglione &
Belelli Marchesini, 2013; Baglione et al., 2017; Bagnasco Gianni, 2013; Michetti,
2017, p. 397; Zifferero, 2017, p. 1278). Roads linked these monumental ports to the
cities. In contrast, Rome and Veii did not have monumental seaports at such an early
period, likely due to competition for control of the Tiber delta, compounded by the
challenges of establishing a veritable port city in that area. However, during the
early stages of the Republic, following the defeat of Veii, Rome successfully estab-
lished the colony of Ostia, which subsequently developed into a thriving port city,
thereby securing full control of the Tiber delta (Coarelli, 2021, pp. 15-62). Livy, in
his account of the disputes between Rome and Veii over control of the salt pans in
the lagoons of Ostia, presents this as a significant cause, or casus belli, of conflict
(Dion. 2.55.5; Liv. 1.33; 5.48.4). This finding underscores the fundamental impor-
tance of controlling salt extraction for any city-state, particularly for Archaic Rome,
which experienced unprecedented population growth (Giovannini, 1985).

The literature on the organization of salt extraction in the Roman Republic and
Empire provides ample evidence for the development of private enterprises over
time (Marzano, 2013, pp. 138—141). This evidence is primarily based on inscrip-
tions regarding the Roman organization of salt extraction in Italy, which mention
socii and conductores (Morelli & Forte, 2014). Additionally, literature on marine
exploitation during the Roman period indicates a diverse array of activities along
the Italian coasts related to marine exploitation for various scales and purposes.
Salting fish and the production of garum occurred at an industrial scale, closely
linked to the salt industry (Marzano, 2013, pp. 89-122). Roman infrastructure
played a crucial role in the distribution of salt. The Via Salaria epitomizes the neces-
sity of facilitating long-distance trade in salt during the Roman period to provision
inland settlements and supply transhumance. Numerous references to the funda-
mental role of road infrastructure can be found throughout Roman and historical
periods (see, for instance, Pasquinucci, 2021). The demand for salt transformed
salt-making into a profitable industry that, by the Hellenistic and Roman periods,
held a fundamental place in the ancient economy.

11.7 Salt and Economies of Scale in Antiquity

To conclude this chapter, we look at salt production in Italy through the lens of
“economies of scale.” This modernist concept entails that scale increase, specializa-
tion, technology, and efficiency will lead to lower costs and therefore greater profits
in meeting market demands. While this concept is not applicable to the Bronze Age,
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during which the production of salt was small-scale and part of a coastal settle-
ment’s overall economic activities, it does have relevance for the period around the
protourban turn. Already during the Bronze Age, we have indications that salt pro-
duction became a more specialized activity, as noted at the Caprolace settlement. In
fact, the production of portable salt cakes in the Bronze Age may have been partially
intended for exchange within the local or regional economy. Growth in demand dur-
ing this period likely triggered salt production as a specialized activity, as observed
at Caprolace. However, given the lack of a market, modern concepts like economies
of scale do not apply to these early manifestations of salt production discussed in
this contribution.

During the early Iron Age, around the protourban turn, the archaeological record
relating to salt production evolved into protoindustrial activity, resulting in the pro-
liferation of special activity sites along the Tyrrhenian coast. Excavation of sites like
Piscina Torta in the Tiber delta may provide evidence for a transition of the salt
economy into a true economy of scale. This development, which occurred during
the advanced Iron Age and Archaic period, would support the notion that we should
not see the Italian archaic economy as ‘primitive’ or operating without any form of
market mechanism, as has been the opinion in much past scholarship (Cifani, 2020,
pp. 1-14).

Concerning the early salt economy, knowledge about the scale of production and
thus a precise understanding of the chaine opératoire of salt production by briqu-
etage is a clear priority, especially if artificial ponds were used in brine preparation.
If so, salt production in this early period would have had the potential to grow into
an economy of scale supported by advanced knowledge of hydro-engineering in
Etruscan and Latin society. In combination with developments in ancient pyrotech-
nology, the use of artificial ponds may have been the basis to realize the increase in
and intensification of production to meet the growing demand for salt and salt-
preserved products by the early city-states.

The transition to salinae, which likely took place in the transition from the
Archaic to the Roman period, may have been the result of further pressure on the
productive capacity of salt production by briquetage until the point that a new pro-
duction process was needed, geared at mass production of salt. In order to make
salinae function, as we know them from later Roman examples, highly controlled
hydrological environments were needed, consisting of a series of precipitation
basins in which impurities would have to be eliminated during the crystallization
process, while the system itself required year-round maintenance as well as protec-
tion from environmental hazards (Marzano, 2013, pp. 123-141).

The combination of chemical and hydrological knowledge, specialized labor,
formal labor organization, and the potential for bulk production to meet the increas-
ing demand for salt in the Hellenistic and Roman economy, as implied in our pre-
liminary salt demand calculations, would signify that by 500 BC, salt production
may already have been industrial in nature and concentrated in those few areas
offering the conditions for scale increase (Bulian et al., 2024).
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11.8 Conclusions

Due to the scarcity of accessible rock salt deposits, Italy is a particularly relevant
case study for the long-term exploration of marine salt exploitation. As mentioned,
the earliest archaeological evidence found so far dates to the Middle Bronze Age.
Like other geographical regions, salt extraction in Italy likely has a longer history,
possibly extending back to the Neolithic. However, as we move further back in time,
it becomes increasingly difficult to find suitable contexts for archaeological investi-
gation due to the dynamic nature of coastal environments and the ephemeral remains
that early salt production leaves in the archaeological record.

Much work remains to understand the role of salt cakes within the exchange
economy of the period and their relationship with human consumption of salt and
its use in animal husbandry, cheese making, and the preservation of fish and meat.
During the Final Bronze Age and Early Iron Age—a period of population growth
and concentration in Italy—marine salt extraction became more visible. This indus-
try resulted in abundant ceramic debris and archaeological traces, such as pits and
remains of furnaces. Based on this archaeological evidence, we assume that early
salt production involved boiling brine in ceramic containers, akin to what is known
as briguetage in France and England. While this hypothesis still holds, reconstruct-
ing the chaine opératoire of making salt by briquetage is difficult, and various forms
may exist depending on the environment in which marine salt is produced. Much of
the activity likely focused on the production of salted fish and derived products.

The upscaling of coastal economic activity is primarily found in Central Italy
along the Tyrrhenian coast, where the first city-states developed and generated con-
siderable salt demand as a commodity for various uses and processed forms, such as
salted foodstuffs. Meeting this demand gradually transformed salt production into
an economy of scale. With the exponential population growth during the Archaic,
Hellenistic, and Roman periods, when urbanization expanded across large parts of
Italy, the demand for salt increased further, and production became increasingly
specialized. During this period, we should envisage the creation of truly large-scale
saltworks or salinae, which required hydrological adaptations of suitable parts of
the coastal environment. This advancement was made possible by enhanced hydro-
engineering skills and increased territorial control.

The archaeological visibility of the salinae in Italy is even lower than that of the
briquetage industry, again due to the dynamic nature of the coastal environment and
the continued use of salinae during the post-antique period up to the present day.
Nonetheless, some evidence of their existence and functioning has been recovered
in the lagoon environment of the Tiber delta and on the Adriatic coast at Cervia, as
referred to in this paper. Fortunately, ancient written sources, including epigraphy,
provide details on the existence and organization of salinae. However, these primar-
ily offer insight into the control of salt production during the Roman period, a mech-
anism that we believe may have been firmly rooted during the period of Central
Italy’s early city-states.
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