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Palaeogeography, harbour potential and salt resources
since the Greek and Roman periods at the promontory
of Pachino. Preliminary results and perspectives

Ferréol Salomon, Dario Bernal-Casasola, Cécile Vittori and Hatem Djerbi

Introduction

The study area is located in the promontory of
Pachino in south-eastern part of Sicily (Fig. 1 A).
To the east the shores are part of the Ionian Sea,
and to the west they are part the strait of Sicily.
The promontory of Pachino includes two main
headlands presenting small islands, the Isola di
Capo Passero to the south-east and the Isola del-
le Correnti to the south-west. After ancient au-
thors, Capo Passero (or Capo Passaro) called the
promontory of Pachynum, is considered one of the
three main promontories shaping Sicily'.

The promontory of Pachino is located also in a
key area between the eastern and the western
Mediterranean. This location is on an important
tuna fish migration path of the Mediterranean?
that was already identified by ancient authors®.
Since Phoenician, Greek and Roman periods, the
coastal areas around Portopalo were dedicated
to maritime activities principally related to fish
industries®. Today the area hosts aquaculture
farms® and the tonnare along the coasts are the
remains of the tuna fishing industry that was in
activity during the last centuries®.

The project Archeofish aims to understand the an-
cient Greek, Hellenistic and Roman fish-salting
factory of Portopalo in its palaeogeographical
context. The fish factory of Portopalo is part of
a socio-ecological system related to fishing and
salt production on one side (resources), and to
the fish-salting activities and exports on the oth-
er side’. Fishing and fish-salting activities are di-
rectly recorded by the archaeological excavation
conducted in the fish salting factories. Geoar-
chaeological investigations are involved to find
evidence of salt production in the territory of the
Pachino promontory, and contribute to the loca-
tion(s) of the ancient harbour(s).

In the context of the Archeofish Project®, a geoar-
chaeological fieldwork was conducted between
the 24™ and the 26™ of September 2019. The
coastal area of the Parco archeologico di contrada

Cicogna was surveyed along with the Pantano
Morghella part of the Riserva naturale orientate ai
Pantani della Sicilia Sud-Orientale.

After a brief context, the first part of this chap-
ter is dedicated to headlands and their evolution
through time. A focus will be done on the evolu-
tion of Capo Passero. The following sectionis ded-
icated to the embayments in-between headlands,
and their potential role such as harbour. Finally,
inland, the lagoons / coastal lakes or pantani will
be considered in relation to their transforma-
tion into salt pans. A preliminary study of a core
drilled in the Pantano Morghella will be proposed.

Geological, geomorphological, and archaeo-
logical context

The promontory of Pachino - Headlands, bays,
and pantani

The studied area is part of the Hyblean Foreland
considered to be a part of the African continental
crust in collision with the Euro-Asiatic one (Fig.
1 B). It is composed of carbonate formations and
volcanic units deposited from the Triassic to the
early Pleistocene. In the promontory of Pachino,
Cretaceous volcanites can be observed along the
shores of Capo Passero and surround the Panta-
no Morghella. Limestones from the Cretaceous
and from the Eocene also characterise the area of
Portopalo — Capo Passero. Calcarenites formed
during the Pleistocene are located between Pan-
tano Morghella and the sea’.

1 STRABO, 6, 2, 1; PLIN1US, 3, 14, 2; ProLomy, 3, 4.

2 CARRUTHERS et alii 2018.

3Sol. V, 6; Borte 2009cc. Cfr. pp. 123-170 and 461-542 in this
monograph.

4Baccr 1983, 1984-1985a.

5 SANTULLI - Mobica 2009.

¢ Lipp1 Guip1 1993.

7 The so called “halieutic cycle” explained in pp. 99-121.

8 Cfr. pp. 99-121.

9 AMORE et alii 1988.
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Coastal areas are a succession of headlands,
bays and coastal lake / lagoonal areas. The
promontory of Pachino ends with two head-
lands with small islands (Isola delle Corren-
ti, Isola di Capo Passero). Between these two
headlands, a bay is formed, called Porto di
Portopalo. It hosts modern harbour infrastruc-
tures. All along the coast of the Promontory of
Pachino, sandy barriers or geological formations
isolate lagoons or coastal lakes. Locally, these la-
goons / coastal lakes are called pantani' (Fig. 1
B). One of the closest wetlands from Portopalo
is the Pantano Morghella. The area still present

the infrastructure of the salt pans abandoned in
the 1980"s"".

Previous palaeoenvironmental studies were con-
ducted in the Pantano Morghella involving sedi-
mentary cores drillings'>. These studies targeted
this lagoonal environment to track palaeo-tsu-
nami deposits. They observed and analysed two
sandy layers in the fine grained environment and

0 GUGLIELMO — SPAMPINATO - SCIANDRELLO et alii 2013.
2 Avirrr 2016.
2 GERARDI et alii 2012.
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interpret them. Their dates suggest that these
tsunami deposits can be related to a 1908 near-
source tsunami and to the 365 AD earthquake.
This study complement other studies identifying
palaeo-tsunami impacts on the eastern coast of
Sicily". However, no specific studies focused on
the long term evolution of the Pantano Morghel-
la and especially in relation to potential salt pans.
An important parameter to understand the evolu-
tion of the coast during the Holocene is the vari-
ation of the sea level. It is also essential to under-
stand lagoonal saltwork systems. A modelled sea
level curve for the south east of Sicily is avail-
able'. The vertical ground variation of the Prom-
ontory of Pachino is considered stable (between
-0.15 and +0.15 mm/an) since the MIS 5.5 and
during the Holocene®. The uplift of the eastern
coast of Scilly decreases from the Messina Strait
to Capo Passero’®.

Fishing activities and saltworks

Many archaeological sites from the promonto-
ry of Pachino demonstrate a close relationship
with the sea since the Neolithic. The site of Vul-
piglia discovered near the Pantano Morghella re-
vealed a Neolithic settlement with a shell work-
shop processing bivalves (Cardium)"”. During
Antiquity, the Pachinum Promontorium is often
mentioned by ancient authors since it was an
important landmark for navigation. Due to its
central location in the Mediterranean and sim-
ilar to other promontory or capes, shipwrecks
from the Hellenistic period to Late Antiquity
were recorded around the promontory of Pachi-
no'® (Fig. 1 A).

However, the area did not host major cities®.
Away from main Phoenician, Greek and then
Roman ports and cities, the area developed
fish-salting production. The area was already
considered to be rich for tuna fishing during An-
tiquity®. Fish-salting factories settled the Prom-
ontory of Pachino or nearby such as Vendicari
and Portopalo®. The factory of Portopalo was
probably already in use in the 5™ c. BCE and Ven-
dicari from the middle of the 4™ c. BC. The fac-
tories from Vendicari and Portopalo continued
to be used during the Roman period. The salt
fish factory of Vendicari seems to be abandoned
in the 1% c. BCE or 1% c. CE while Portopalo was
probably abandoned later in the 4™ - 5™ c. CE*.
Few is known about the saltworks that should
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have been in use to provide salt to the fish fac-
tories®.

During the Medieval and the Modern peri-
ods, fishing related activities continued along
the coasts of the Promontory of Pachino. The
tonnare developed in Sicilia®*. During modern
periods, the interrelation between fishing in-
dustry and saltworks is more easy to observe.
Tonnare were in use on the eastern shores in
Vendicari, Marzamemi, near Torre di Fano/
Morghella, and at Portopalo” (Fig. 1 A). Salt-
works were attested in Vendicari, Marzame-
ni, Morghella and the western shores of the
promontory of Pachino inmodern times (Fig. 1 A).

Evolution of the headland of Capo Passero
during the last centuries

In the erosive context of Capo Passero, classic
methodologies to identify ancient harbour can-
not be applied®. Unevenness of the shoreface
and related depressions might have trapped
some sediments, but overall sedimentary ar-
chives are not directly available. In this paper,
we propose to reconstruct the coastal evolution
of Capo Passero during the last five centuries
based on geomorphological evidence, litholo-

13 SciccHITANO - Monaco - Tortorict 2007; BArBaNO et alii
2009; BaArBANO - PiRrROTTA - GERALDI 2010; SMEDILE et alii
2011; DE MARrTINI et alii 2012.

4 LAMBECK et alii 2011.

5 LaMBECK et alii 2011.

16 1 amBECK et alii 2011; SPAMPINATO et alii 2011; ANTONIOLI
et alii 2014, 2015.

7 Guzzarpr - BasiLe 1996; Guzzarpi - lovino - Rivorr 2003.

18 Like the ones mentioned in Orcese 2011-2012 or in pp.
461-542.

"9 Discussed in pp. 21-98.
29 AT, I, 4¢; SoLinus, V, 6.

2 LENA - Basiite - D1 Sterano 1988; Purrura 1989; BasiLE
1992.

22 Baccr 1983, 1984-1985a; BasiLe 1992; Borte 2009¢, 2018.
23 BasiLE 1992; BortE 2009c.

24 Cfr. pp- 123-170, 235-348, 461-542.

25BoTtTE 2009c.

281 EnTINT 1986.

27 Bresc 1985.

28 GoIRAN - MORHANGE 2003; MARRINER - MoRHANGE 2007;
SALOMON et alii 2016.
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Fig. 2. Geomorphological processes affecting Capo Passero.

gy, old maps, and description from Renaissance
authors. This approach going backwards in
time will only provide a first step towards the
reconstitution of the Hellenistic-Roman land-
scape and the harbour potentiality of these peri-
ods. It will also provide a long term risk assess-
ment of the coastal erosion.

Geomorphological processes and the forma-
tion of the Isola de Capo Passero

The Promontory of Pachino is particularly ex-
posed to erosion, especially in the southern
coasts. The coastline from Capo Passero to the
Isola delle Correnti might have been affected
by important changes during the last millennia.

Several actions were recently conducted to pro-
tect the town of Portopalo from coastal erosion®.
This erosion affects also two sides of the archae-
ological site of the Parco archeologico di contrada
Cicogna (e.g. affects the working areas AR-1,
A-2, AR-4 excavated in this project). The archae-
ological park is sitting on a rounded headland
composed of Cretaceous volcanic rocks (Fig. 2).
To the north, the archaeological excavation of

29 https://siracusa.gds.it/articoli/cronaca/2019/03/18/ero-
sione-del-litorale-a-portopalo-i-lavori-partiranno-en-
tro-45-giorni-9b19bccl-f6b8-4cf4-99dc-db070d61b3fd/
and  https://www.ilmattinodisicilia.it/litorale-di-portopa-
lo-di-capo-Passero-al-via-lavori-contro-lerosione/
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the fish-salting factory conducted in the project
Archeofish is in this sense a rescue mission. An
active cliff of 2 to 3 meters’-high is formed into
the volcanic rocks and the archaeological layers
from the fish-salting factory sitting on top. To
the south, anthropic structures from the same ar-
chaeological site are reworked by erosion form
the beach. A 350 m wide marine channel sepa-
rates the archaeological park and the Isola di Capo
Passero. The same Cretaceous volcanic units can
be observed on the western and northern part of
the island. However, most of the island is com-
posed of limestone (Fig. 2).

The main research hypothesis was that the is-
land of Capo Passero was recently connected to
mainland Sicily. Geomorphologically, the island
of Capo Passero is a sea stack®. Wave processes,
bathymetry, and preferential erosion contribut-
ed to shape the island. This almond-shape island
is oriented towards the main winds coming from
the nord-est (Fig. 2). Refraction converges wave
energy on the top of the headland, and preferen-
tially on the headland flanks®. The two former
embayed coastlines are still marked to the north
(1) and the south (2) of Capo Passero (figure 2).
Theoretically, the zones of preferential erosion
on both sides of the headland coalesced, formed
a new marine path, and isolates the sea stack
of Capo Passero. It is possible that the volcanic
rocks identified on the two sides of the channel
cut through the headland are locally weaker that
the limestone and led to quicker erosion of this
area. In parallel, wave energy is diverging in the
embayments to the north and to the south, and
beaches are formed.

Formation of the Isola de Capo Passero during
the mid-17t"c. - early 18" c.

Figure 3 presents selected extracts of maps of the
Promontory of Pachino from the 16™ to the 20™
century. Most of the maps were collected on the
website Gallica from the Bibliothéque Nationale de
France®, the Collections Patrimoniales numeérisées
de Bordeaux Montaigne* and the Biblioteca Digital
Hispdnica®. Some historical events are also re-
ported such as the date for the foundation of the
Fort of Capo Passero (ca. 1600).

One anonymous map of the 18™ c. represents the
headland of Capo Passero itself, but its connec-
tion to the mainland is not clearly represented.
However, in all the maps dated to the 20™, 19*

221

and even to the 18" century, the Isola di Capo
Passero is always visible off the coast of Sicily.
The map of S. von Schmettau dated from 1720
is a Terminus Ante Quem for the formation of the
island of Capo Passero.

During the 16" c., the maps are the less precise.
The promontory of Pachino is oriented to the east
and not to the south east, which make it difficult
to identify clearly Capo Passero. Three head-
lands are generally drawn towards the south,
the east and the north. Capo Passero is generally
heading towards the east. It seems that no island
is associated to the headland of Capo Passero,
while the Isola delle Correnti to the west is always
represented. The map of F. Negro dated to 1640
is a Terminus Post Quem for the formation of the
island of Capo Passero. The detailed map of the
headland of Capo Passero shows clearly a nar-
row land between the mainland Sicily and the
future island.

Interestingly, the maps of the 17" c. until the
middle of the 19™ c. show very salient headlands
called Capo di Porto di Palo, Isola delli Correnti (or
Isola dei Corsari), Punta delli Formiche, and La Chi-
appa (from east to west) (Fig. 3). All are heading
towards the south-west. These headlands might
have been affected by erosion, but these mor-
phologies are not reliable indicators to identify
headland erosion. These headlands projecting
towards the sea were enhanced because they
were landmarks for navigation®™. To the west of
the Promontory of Pachino, additional islands
are represented in the map of Barents (1594) and
the map of the Homannianorum Heredum (1747)
(Fig. 3). In the latter, these islands are associat-
ed to the headland of Isola delle Correnti and
the Punta delle Formiche. In this case, they are
also important indications to navigate along the
coast, but they are also stacks or stumps demon-
strating coastal erosion. Nevertheless, it remains
impossible to quantify the erosion.

3% LimBER ef alii 2014; LiMBER - MURRAY 2014.

3! LiMBER - MURRAY 2015.

32 Gallica.bnf.fr

331886.u.bordeaux-montaigne.fr

34bdh-rd.bne.es

35 ARNAUD 2005; Kowarskr - CLARAMUNT - ZUCKER 2007.
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Fig. 3. Old maps demonstrating the formation of the island of Capo Passero between the mid-17th c. / early 18th c. CE.



Palaeogeography, harbour potential and salt resources

We also looked at texts from the Renaissance de-
scribing the coast. Two texts are particulary in-
structive. The first is a description from T. Fazel-
lo. He describes precisely the narrow neck of the
headland of Capo Passero with waves crossing it
only during big winter storms: Questa Peninsola,
e molto piu che un mezzo miglio di circuito, e di giro,
(...), e ha un Istmo, 0 vero stretto ch'a gran fatica é
venti passi, tanto e piccolo e stretto. Le onde avvie-
ne, che al tempo del verno, quando gonfia il mare, e
rincontrandosi ['onde da ogni parte, ci diventa spesso
un’Isola®*. He observes the refraction of the waves
towards the neck of the island that will later lead
to island. This text from 1573 demonstrates that
the formation of the Isola di Capo Passero was a
progressive process.

The second was published in the beginning of
the 18" ¢. Massa describes the neck of the head-
land of Capo Passero probably more eroded with
small rocks in the area: Hor comincia la Penisola di
Capo Passero (...). Nel mezzo della cennata Penisola
sta il ben munito Castello di Capo Passaro; e seguendo
sul Collo della Penisola, la quale tiene a fronte lo Sco-
glio del Marchete, si pervene alla testa di essa ; poscia
alle Cale del Ladrone, della Scalilla, e della Casnasa,
dove termina il Littorale. Most importantly, Massa
observes some changes of the coast comparing
to descriptions from previous authors: ed il Collo
della Peninsola secondo il detto di piv Marinari quan-
tunque Camilliano nel suo Itinerario situi le riferite,
e le sequenti Cale con qualche diversita. It could be
related to the actual erosion of the coast.

The island of Capo Passero was formed by pro-
gressive erosion from at least the 16™ c. One or
several events eroded the remaining narrow
neck between 1640 and 1720. When the Fort of
Capo Passero was built around 1600, the head-
land was still accessible by a narrow path. Later
in the 18™ — 19" c.,, the marine channel cutting
through the neck of the headland probably wid-
ened. More precise reconstruction based on old
maps and texts would be necessary to reach a
better chronology. However, it would require
the study of a historian looking at every text and
map, tracking the citations between authors,
and detailing the primary and secondary sourc-
es. Published in 1840, the Brydone’s tour is sur-
prised when he observes that Capo Passero is
not a peninsula, as represented in all the maps, but a
wretched barren island of about a mile round?.
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The Promontorium Pachynum paleotopogra-
phy during the Greek and Roman periods

A reconstruction of the morphologies for older
periods would also require studies by historians,
and a careful look at the terms used®. Pachino
was one of the three promontories shaping the
island of Sicily and together with Capo Passero,
they were already important landmarks for the
navigation. Consequently, many descriptions
can be found in texts related to the promontory of
Pachino and/or to the headland of Cape Passero.
In ancient texts, Lycophron in the 3™ c. BCE de-
scribes the morphology of the promontory/head-
land such as a “steep promontory”*, or write
about the “island spur of Pachynus”*. In the 1¢
c. BCE, Virgil considers “the high reefs and jut-
ting rocks of Pachynus”*. Later, in the 3™ c. CE,
Nonnus “seagirt Pachynus”*.

The geomorphological processes described for
the erosion of the headland of Capo Passero also
apply to other headlands of the Promontory of
Pachino and older periods. The small islands
described in maps and texts of the 15" — 17* c.
at Punta delli Formiche and the Isola delle Correnti
are certainly issued from more salient and old-
er headlands. Similarly, the Capo Passero could
have extended more towards the east according
to the bathymetry (figure 1). Other sea stack is-
lands or stumps issued from a longer headland
could have formed in the past and be described
by ancient authors.

Harbour potentialities of the promontory of
Pachino through time

The Promontory of Pachino was an important
landmark for navigation between eastern and

36 FazeLLo 1573, p- 162.

371n 1709 and written by G.A. Massa 1709.

38 BryponE 1840, p- 42.

39 A discussion about the historical relevance of Portopalo
in Antiquity is shown in pp. 21-98.

4% LycopHroN, Alexandra, 1027, trans. MAIR - MAIR 1921.

41 LycopHRON, Alexandra, 1174, trans. MAIR - MAIR 1921.

42 VIrGIL, Aeneid, 3, 699, trans. FArrLougH 1916.

43 Nonnus, Dionys, 13, 32, trans Rouse 1940.
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western Mediterranean and was well connect-
ed to Malta. However, navigation was not easy
along its coasts. The most dangerous was to
round the Capo Passero. In the 16" c., Fazello
indicates that Perche correndo il mare di Messina
piu velocemente verso il Pachino, che ad alcuna altra
riviera di questo paese, suol esser a’ naviganti di pau-
ra e di pericolo*. Another difficulty is added later
by Purdy associated to the fish nets: caution must
be taken when rounding the point under the tower of
Passaro, in order to keep clear the tunny nets (...) in
the fishing season®.

In-between headlands, the promontory of Pachi-
no offers unequal places for the establishment of
harbours such as bays and lagoons (figure 1 A).
Over time, the erosion of the headlands contrib-
utes to change the shelters along the coasts and
their accessibility. Additionally, the combined
action of coastal erosion and sedimentation also
modifies the configurations of bays and lagoons
through time.

Harbours during the Modern period

According to Purdy, the eastern coast of the
promontory of Pachino affords good shelter,
both to ships and small craft that are obliged to
bear up in the Channel of Malta from a westerly
gale*. However, according to the same author,
the south and western coasts do not possess a sin-
gle harbour for large ships, though there are several
tolerable summer anchorages such as in La Marza
or small coves in our study area®. Today, two
places along the shores of the promontory of
Pachino have harbour infrastructures, including
Portopalo (the Porto de Palo / Port One Harbor in
the south-west of the town of Portopalo), and
Marzamemi.

In Figure 1, the northern and western ends of our
study area are characterised by two small em-
bayments*. Vendicari is located to the north and
La Marza is located to the west near the Pantano
Longarini. In old maps and texts, the mention Por-
to, Isola or Torre are added to the toponym Ven-
dicari. Between Vendicari and Portopalo, the har-
bour of Marzamemi is sometimes recorded such
as a Porto or a Ridotto. And then, a pocket beach
called Ridotto o Cala Farina near Punta Farina is
reported. Between the Isola delle Correnti and the
Punta delle Formiche there is a cove called Fonta-
nelle®. The locations of Porto di Pilo, Port Paolo or
Porto di Palo are not easy to put on a map. On the

F. Salomon, D. Bernal-Casasola, C. Vittori, H. Djerbi

southern coast, since the 16th c., Porto de Palo also
called Paloro Porto or Algema is the harbour the
most cited in old maps. Depending on maps and
texts, it is described such as a Porto, Ridotto or a
Rada. According to Fazello, non e capace senon di
pochi legni, e piccoli®®. It should be noticed that the
term Marza found in La Marza and Marzamemi
could come from the Arabic marsa which means
“harbour/port/anchorage”?'.

The existence of a long headland at Capo Passe-
ro before the 18" c. created a different configu-
ration of the area and affected the harbour po-
tential. The Porto Lungobardo o Porto Pachino was
located in the southern embayment of the prom-
ontory. In the 16" c., T. Fazello consider it not easy
to access and is mostly suitable for small ships™.
It is interesting to observe through the maps the
confusion created by the formation of the island
of Capo Passero, the disappearance of the embay-
ment of Porto Lungobardo, and the adjustment of
the toponyms. On the south of the peninsula, the
harbour of Lungobardo or Lungombardo is still
named in the map of G. Cantelli in 1682 (Fig. 3).
However, the formation of the Isola di Capo Passero
brought to an end the existence of this harbour. In
the maps from 1720 1747, and 1779, “Capo Passe-
ro” and the Fort are also called Punta (di) Longo-
bardo. In the map of F. Arancio dated to 1847, the
Isola di Capo Passero is called Isola Longobardo.

If a harbour is attested south of the headland of
Capo Passero before the 18" c., another could
have existed to the north. Today, only few ships
are on the northern shore of the town of Portopa-
lo (mooring or beaching) and none on the east-
ern shore.

44 FazeLLo 1573, p. 163.

45 Pyrpy 1827.

40 Pyrpy 1827, p. 144.

4/ Purpy 1827, p. 151.

48 Called “seni” in the G. Cantelli map of 1682 (fig. 3).
49 Purpy 1827.

50 FazgrLo 1573, p. 164.

5! PeLLEGRINT 1961, p. 32.

52 Dalla parte di mezogiorno, al lito dello stretto, ha un ridotto
(...), hoggi volgarmente é detto Longobardo, e non é capace senon
di Galere, e d’altri piccolo legni, et ha la bocca torta, e per questa
cagione molto difficile a pigliare, FazeLLO 1573, p.163.
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Harbours during the Greek and the Roman
periods

Between the 1% c. CE (Cicero - 106-43 BCE) and
the 2" c. CE (Ptolemy - c. 100-170 CE), ancient
texts mention three harbours in the area: (1) the
Phoenicus Portus harbour®; (2) the Portus Pachy-
num?; and (3) the Portus Odysseae> (Fig. 1). Por-
tus Phoenicus is generally located in the area of
Vendicari, but its precise location in the lagoonal
areas or in a small rocky coves is not clear. The
two other harbours share their names with the
two main southern headlands of the promontory
of Pachino. The Portus Odysseae® shares its name
with the Promontory of Odysseus, probably the
cape where is today the Isola delle Correnti. The
Portus Pachynus shares its name with the Pachy-
num promontorium, today called Capo Passero.
However, the precise locations of the harbours
remain also unclear. Portus Pachynus could be
located in front of the archaeological area called
AR-4, located west of the fish-salting vats™.

The presence of the Hellenistic-Roman fish-salt-
ing factory strongly suggest the presence of a
harbour in the vicinity. However, harbour struc-
tures are missing probably due to coastal erosion.
The absence of harbour yet identified associated
to the fish-salting factory is also the case in Baelo
Claudia along the strait of Gibraltar®®, as well as
in many other ancient cetariae®®. Sedimentologi-
cal archives recording data about a harbour are
mostly gone if they ever existed. It is possible
that sedimentological record of a possible an-
cient harbour would be found in a depression
along the shoreface. The eroded Roman harbour
of Caesarea Maritima offers such conditions, and
sediments from an underwater depression at the
entrance of the harbour were studied®.

Pantani and salt production: the case of the
Pantano Morghella

In ancient societies, the salt was very important
for many purposes® and especially to preserve
fish®. Salt can be produced from brine (sea wa-
ter, salt spring, brine mined or manufactured
by dissolving salt rock) or directly from mining
(rock salt). Along the coasts of the Mediterra-
nean, salt is produced from two types of geo-
morphological features: on rocky coast (manu-
ally-sculped basins - crystallizers) or in lagoons
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(substrate of clay or sand). The saltworks of the
promontory of Pachino are part of this last cat-
egory. The pantani were transformed into salt
pans.

On the eastern coast, salt was produced at the
Pantano Grande, Saline Roveto at Vendicar®, but
also at Marzamemi and at Pantano Morghella.
The Pantano Morghella was the last active un-
til the 1980’s%. On the western coast, Fazello in-
dicares the existence of many ponds where salt
was produced between Isola delle Correnti and
the Pantano Longarini®. From the Isola delle
Correnti to Pantano Cuba salt was produced in
many pantani: Fra terra poi, poco lontan dal lito, si
trova uno Stagno nominato dal Conte d’Enrico, che
si fad'acqua piovana, laquale di state s’indurisce, e
diventa sale: acui é vicina un miglio un’altra Salina
detta Davila, et a questasegue due miglia appresso l'al-
tra Salina chiamata Mucassaro, and then Salina det-
ta Lungarina®. On the map of G. Cantelli of 1682
(Fig. 3), active saltworks are also located. Ancient
saltworks around the Mediterranean are not very
well known®. Few evidence of ancient saltworks
are really identified®. Additionally, geoarchaeo-
logical methods and palaeoenvironmental indi-
cators adapted to study them should still be de-
fined®. An operational solar salt pan requires to:
(1) Create an environment protected from direct
coastal influence; (2) control sea water influx; (3)
control of the sedimentation (physical parame-

53 Prorom, Geogr., 3.4.8.

54 Cicero, Verr., 2.5.87.

55 Cicero, Verr., 2.5.34.

5 Provomi, Geogr., 3.4.8.

57 BasiLE 1992, p- 74, nota 37. Discussion in pp. 461-452.
58 BernaL-CasasoLa et alii 2017a.

59 http://ramppa.uca.es.

60 REINHARDT - PATTERSON - SCHROEDER ADAMS 1994.
61 Carust 2008a; HocoueT 2012; WELLER 2015.

62 BorrE 2009¢; Carust 2018.

63 FazeLLO 1573.

64 Avrirr1 2016.

65 Molti stagni, dove si fa il sale, Fazerro 1573, p. 163.
66 FazeLLO 1573, p- 164.

67 Carust 2008 b, 2018; BorTe 2009c.

68 Site of “O Areal, Vigo, Spain”, CaRRERA 2007, CARRERA
2015; IcLEs1As et alii 2017; Lagoon of Maccarese, Italy, Ar-
NoLpus HuyzenDVELD et alii 2015, and some other as Caunos
in Turkey, Marzano 2013, pp. 123-138, specially pp. 126-
127.

9 DEvILLERS - BROWN - MORHANGE 2015; ViTTORI ¢t alii 2015.
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ter); (4) create specific hydro-ecological context.
Consequently, a salt pan needs modifications of
the bathymetry of a natural lagoon (levelling),
the modification of the physico-chemical prop-
erties (high salinity, irregular salinity etc.), and
a management of the depositional processes. All
these elements can possibly be studied using a
geoarchaeological approach.

The salt production of Morghella

The Pantano Morghella (or Moriella) is 1.3 km
long and 0.8 km wide seasonally flooded by
freshwater™ (Figs. 4-5). It is separated from the
sea by a pocket-beach and by Pleistocene red-
dish calcarenites (Fig. 1 A). Sediment settles on
the west from a small river ending in the Pantano
and form a small alluvial fan (Fig. 4 A).

Ten years ago, the Pantano Morghella was al-
ready cored for a palaeoenvironmental study”.
The objective of the geoscientific team was to
identify potential palaeotsunami deposits. They
drilled 31 cores with a hand auger cores and 9
cores with a percussion corer device. They cored
to a maximum depth of 5.80 m for Core 5397
(Fig. 5).They identified two coarse grained de-
posits interpreted such as palaeotsunami de-
posits. They also identified foraminifers on Core
S12 to reinforce the interpretation. Four Opti-
cally Stimulated Luminescence dates were per-
formed on 4 samples from 4 cores, and 8 radio-
carbon dates were conducted on 3 cores. Dates
range from 2300 BCE (-3.12m b.s. in Core S 12) to
the beginning of the 20" c. CE (Cores S100, S101,
5102). They suggest that the younger deposit is
likely due to the 1908 near-source tsunami, whereas
the flooding of the oldest event is most likely associ-
ated with a far and large source, the Crete 365 AD
earthquake”.

However, for the more recent tsunami dated
to 1908 the authors of this study suggest that it
could be related to the salt pan works beginning in the
first years of the 20th century. In this hypothesis,
the presence of the beach sand could be associat-
ed to marine water pumped in the eastern sector
for the saltworks.

We propose to study the Pantano Morghella fol-
lowing a geoarchaeological approach. The aim
is to study in detail the human impacts on the
lagoon since the Neolithic and to identify and
date any evidence suggesting salt production.
Older human impact could be related to a settle-
ment occupied nearby of the Pantano Morghel-
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la during the Neolithic™. Dated to later periods,
but without chronology, two canals cut into the
Pleistocene calcarenites were observed to the
north-east of the beach of Morghella (Fig. 4 B).
For the most, they are part covered by coastal
sands. Only their last reach towards the sea can
be observed. The largest one and now visible in
the upper shoreface was suggested to be dated
from the Greek-Roman period”™. Few meters to
the north and connected to the sea further to the
east, a second canal can also be observed. This
modern canal is deeply cut into the rock. It was
still active in the 1980’s together with the salt-
works”. These two canals could suggest at least
two periods of activity of a salt pan.

Ancient texts attest the existence of salt produc-
tion during Roman period at Pachynus”. How-
ever, the precise location of the salt production
is not detailed. Naturally some pantani create
seasonal salt crusts along their shores and were
transformed into saltworks”™. Later, according
to Fazello in 1573, the salt from the Pantano
Morghella is produced from rainwater: al pie del
Pachino, é la Salina chiamata Moriella, dove si genera
il sale dell’'acqua piovana, bollita, e cotta dal caldo del
sole’. Similarly, appresso al Pachino (ilche é cosama-
ravigliosa) si raccoglie il sale in gran copia, o0 da l'ac-
quedolci, 0 da l'acque de’ fonti, che facendo un lago,
e stando grantempo al Sole, finalmente si congelano,
e diventano sale, di cuisi fa grandissimo guadagno®™.
This is very surprising. Does this mean that the
Pantano Morghella was not connected to the sea
through a canal at that time? Was the Pantano
Morghella connected in some other ways to the
sea?

79 Ruocco 1958.

7t BARBANO et alii 2009; GERARDI et alii 2010, 2012.
72 GERARDI ef alii 2012.

73 GERARDI et alii 2012.

74 GuzzARDI - BASILE 1996.

75 LENA - BasiLE - D1 STEFANO 1988.

76 Avtrrr 2016.

7 Sorinus, Polystor, 5, 18 — 4th c. CE; References detailed in
Fevricr 2018a, pp. 137-141, from Pliny onwards; also in the
7th c. CE in Isid., Ethymol, XVI, 2, 5, discused in GuzzerTa
1995, footnote 72.

78 Ruocco, 1958, p. 15.
79FazeLLo, 1573, p. 301.
80FazELLO, 1573, p. 52.
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Fig. 4. Aerial view of Morghella salt-pans in 2019 (A), and channels cut in the rock to allow marine water
enter the facilities (B).
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Fig. 5. The Pantano Morghella in its context. The boreholes from Gerarbi et alii (2012), and the location of the new Core

MAR-1 are reported on this map.

Methodology

A sedimentary core was drilled in the Pantano
Morghella on the 28" of September 2019 using
a hand auger (Fig. 5 with location; Fig. 6). We
wanted to test the existence sedimentary ar-
chives dated from the Hellenistic period in order
to identify potential salt production evidenc-
es. Samples were extracted every 10 cm. It was
possible to drill with the hand auger until 4.5 m
b.s. However, the lower part of the core was too
loose and it was impossible to bring the sample
up to the surface.

The samples extracted were transported and
analysed at the Laboratoire d’Analyse des Sols
et des formations superficielles (UMS 830 — EOST
LAS) at the University of Strasbourg / CNRS®'.
Classic sedimentological analyses were conduct-
ed including wet sieving, magnetic susceptibil-
ity measurements and preliminary macrofauna
identification. Plant materials for radiocarbon
dates were extracted and three radiocarbon dates
were performed by Beta Analytic (Fig. 7).

Description of Core MAR-1

UnitA (4.20to2.5mb.s.). - This unit corresponds
to sediments too loose to be extracted with the
hand auger (figure 8). Since no sediment was
brought to the surface, we cannot describe it. It
should be noticed that we did not reach the sub-
stratum at 4.5m b.s.

Unit B (2.50 to 1.70 m b.s.). — The unit is com-
posed of grey silty clay deposits. The fractions
of coarse to very coarse sand (Between 500 pm
and 2 mm) is mainly composed of Hydrobia spp.
The coarse fractions (> 2 mm) contains shells
fragments of Cerastoderma glaucum. It indicates
lagoonal brackish environments. The magnetic
susceptibility is relatively high at the bottom of
the unit (50 to 200 x 10° CGS), and it decreases
towards the top (50 to 100 x 10° CGS). No dates
were performed in this unit.

8 hitp://labsol.unistra.fr
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Fig. 6. Hand-coring process (A) at Morghella ancient salt-
pans in September 2019, with detail of the sediment (B).

Unit C (1.70 to 0.80 m b.s.). — Unit C is divided
into 5 subunits (C1 to C5). This subunit is still
composed of grey silty clay deposits. At the bot-
tom, Subunit C1 (1.70-1.60 m b.s.) demonstrates
a change. Two small rocks of few centimetres
were found within the silty clay deposit. Other
smaller rocks (less than 1 cm) are also observed
between -1.50 and -1.10 b.s. (Subunit C3) and be-
tween -0.80 and 0.90 m (Subunit C5). Regarding
the macrofauna Subunit C1 is similar to Unit B.
The fraction between 500 um and 2 mm contains
still many Hydrobia spp. and the coarse fraction
shows fragments of Cerastoderma glaucum. From
Subunits C2 to C5, the fraction between 500 pm
and 2 mm contains more diversity of species and
shows less Hydrobia spp. Interestingly, a shell
from a terrestrial species was found in the low-
er part of Subunit C3. The characteristic of all
samples from Unit D is the presence of charcoals
and fibres of vegetal remains. In the lower part
of Unit C, the magnetic susceptibility varies be-
tween 50 and 100 x 10 CGS. Lower values are
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recorded on top of Subunit C3 and at the bottom
of Subunit C3 (< 50 x 10° CGS). Finally, values
rise again towards the top of Unit C. A first ra-
diocarbon date was performed at -1.60/-1.70 m
b.s. and dates the bottom of Unit C to 827 - 762
BCE. The second plant material come from Sub-
unit C4, towards the top of Unit C (-1.00/-1.10m
b.s.), and dates to 403-211 BCE (Fig. 7).

Unit D (0.80 to 0.50 m b.s.). — This unit is com-
posed of grey silty clay silts and records the high-
est values of the magnetic susceptibility from this
core (from 100 to over 300 x 10 CGS). Charcoal
and rocks are absent, the quantity of macrofauna
decreases. Only few Hydrobia spp. are observed.
No dates were performed in this unit.

Unit E (0.50 to 0 m b.s.). — Unit E is composed of
4 subunits. Subunits E1 and E3 present grey silty
clay deposits. The upper subunit E4 displays
brown silty clay. Similar to Unit C, rocks are ob-
served in the coarse fraction (> 2 mm), along with
vegetation fibers. Some seeds are also recorded.
Hydrobia spp. along with some terrestrial shells
(samples -0.40/-0.50 m and -0.10/-0.20 m) can be
identified. Within Unit E, a major change in the
grain-size and facies appears in Subunit E3 (sam-
ple -0.20 /-0.30 m) with a deposit of yellow sand.
The sands are very well rounded. This subunit
was dated to the end of the 19" c. or beginning of
the 20™ c. by Optically-Stimulated Luminescence
(OSL) technique® in three cores located around
50 m away from Core MAR-1.

The Ancient and Modern salt pans of Pantano
Morghella - Preliminary interpretation from
Core MAR-1

First chronostratigraphical results demonstrate
that the sedimentary archives from the Pantano
Morghella are pertinent to study the manage-
ment of this lagoon during the last three millen-
nia (Fig. 7, 8). The rocks observed at 1.60 — 1.70
m b.s. correspond to a major change in the pa-
laeoenvironment of the Pantano. It is interpreted
here such as the first evidence of direct human
impact in the stratigraphy. Vegetal remains from
this layer have been dated to 827-762 BCE (2600
+30 BP), e.g. just before or at the beginning of the

82 GerARDI et alii 2012.
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Fig. 8. Stratigraphy, first palaeoenvironmental analyses and preliminary interpretations of Core MAR-1.

Greek colonisation in Sicily. For comparison, the
foundation of Naxos, the first Greek city in Sici-
ly, is dated to 735 BCE and Syracuse was found-
ed in 734 BCE®.

In the lower part of the core, no dates were per-
formed. Unit B corresponds to a brackish la-
goonal environment with no evidence of direct
human impact yet. Core S51 drilled by Gerardi et
alii in 2012 is located only 100m away from Core
MAR-1. Grey clay continue at least until down to
3 m deep. A Cerastoderma glaucum was dated at

-2.84m b.s.at 1200-930 BCE (3207 + 40 BP), before
the Greek colonisation. High populations of Cer-
astoderma glaucum together with Hydrobia spp. is
characteristic of a confined lagoon®.

Unit C is possibly an ancient saltwork sequence.
The presence of rocks in subunit C1 would mark

8 http://www.regione.sicilia.it/beniculturali/dirbenicult/
database/page_musei/pagina_musei.asp?ID=55&IdSito=75.
84 Zone 1V after the classification of GUELORGET - PERTHUI-
sor1983.
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the beginning a stronger human activity around
the Pantano Morghella. All samples from Unit
C contain charcoals, which tend to demonstrate
a continuity of human activities in the vicinity.
Most importantly, the terrestrial shell observed
at 1.30-1.50 b.s. along with brackish species,
suggest possible regular dry conditions. The
presence of vegetation fibers in all samples an-
alysed should also be noticed. Similar evidence
is only found in the upper 20cm of the sequence
(Subunits E3 and E4), where we are sure that it
corresponds to a saltwork deposit. Additionally,
the higher diversity of species and less Hydrobia
spp. in Subunits C2 and C5 comparing to C1 and
Unit B, correspond to an opening of the lagoonal
environment toward the sea®. It could be related
to the construction of a canal between the sea and
the Pantano Morghella, and the establishment of
a fully managed saltwork.

A second date performed in this unit at 1.00-1.10
b.s., suggests that the saltwork would still be ac-
tive in the 5" — 3™ c. BCE (403-211 BCE / 2280 =+
30 BP).

Palaeoenvironmental data demonstrate a change
in the Pantano Morghella in Unit D. Charcoal, fi-
bers of vegetal remains, terrestrial and brackish
shells disappear. The general content in shells
decrease. In parallel, the values of magnetic
susceptibility rise and reach the highest values
found in this stratigraphy. This would suggest
higher inputs from the watershed of the Pantano
Morghella, possibly through the freshwater in-
puts from the west. We would suggest a relative
disconnection from the sea. The abandonment of
the ancient saltwork hypothesised for Unit C is
not dated yet. However, the new palaeoenviron-
mental conditions of Unit D are dated at least to
the 15" c. CE (1412-1468 CE / 460 + 30).

It is hypothesised that Unit E is the Modern Salt-
work Sequence starting at some point after the
15" c. and ending in the 1980’s. Similar to Unit C,
rocks are observed in the coarse fraction of Sub-
units E1, E2 and E3, along with vegetation fibers,
and both the presence of terrestrial and brackish
shells.

In accordance with the results from Gerardi et
alii (2012), only one sandy layer (Subunit E2) can
be observed in this area of the lagoon. They dat-
ed this layer to the end of the 19" c. / beginning
of the 20™ c. CE. According to our first data, the
two interpretations remain possible (tsunami or
anthropic impact).
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Research perspectives for Pantano Morghella

These preliminary results are very encouraging.
Additional analyses will be conducted on this
core and complementary cores will be drilled.

A detailed study of the microfauna and the mac-
rofauna will be conducted. It will contribute to a
better understanding of the palaeoenvironmen-
tal context, and especially about the freshwater/
marine water balance. A particular attention
will be paid to the morphometry of the ostra-
cods®, and the morphometry of the Cerastoderma
glaucum or edule® in order to better reconstruct
the palaeo-salinity trends. Additionally, geo-
chemical analyses will be performed in order
to precise the characteristics of the depositional
context. It is of primary importance to find the
right proxies that would definitely allow us to
prove (or not) the existence of saltworks.

Since the Pantano Morghella is a waterbody of
small size, it would be of great interest to drill a
high density of cores. Several questions would
be answered concerning: (1) the characteristics
and the periods of use of the canals connecting
the saltwork to the sea; (2) the evolution of the
extent of the ancient saltwork through time; (3)
the management of the lagoon prior to establish
of the saltwork (levelling?).

Only few geoarchaeological studies have fo-
cused on the question of the saltwork®. The de-
velopment of new geoarchaeological methods
and concepts to analyse and interpret old salt-
works would be of great interest to reconstruct
ancient management of lagoons. However, this
would be only possible with a close collabora-
tion with archaeologists. Such an interdisciplin-
ary approach on this topic would be possible
within the context of the Archeofish Project.

Conclusion

The promontory of Pachino is located both along
a fish migration path and along important mar-
itime routes of the Mediterranean Sea (Fig. 9).

85 GUELORGET - PERTHUISOT 1983.
86 VrrroRI ef alii 2019.

87 Boypen 1973.

88 Marzano 2013.
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This is true for today and for the past. This rich
fishery resource and the possibility to export it
influenced the activities and the organisation of
this territory during at least the last three mil-
lennia. The commerecial fishing is marked the ter-
ritory with the presence of fish-salting factories
during Greek, Hellenistic and Roman periods,
and tonnare during the Medieval and the modern
periods. These production units are the most sig-
nificant features of the productive systems that
developed along the coasts of the promontory of
Pachino.

However, in the past, this productive system
needed important resources of salt to preserve
the fish for its export. The coastal lakes or la-
goons called locally pantani, were most probably
used to produce salt during the Medieval and
Modern periods. The last salt production closed
in the 1980’s at the Pantano Morghella. Prelimi-
nary palaeoenvironmental results from the Pan-
tano Morghella seem to indicate that salt was
produced in this coastal lake or lagoon during
the Greek, Hellenistic, and Roman periods. Ad-
ditional fieldwork and analyses will definitely
confirm if, whether or not, salt pans existed in
Pantano Morghella during Antiquity. If it is con-
firmed, a detailed analysis of the characteristics
of the salt pan will be conducted. The Pantano
Morghella reveals rich sedimentological archives
to conduct this study.

During the fieldwork conducted in 2019, an ar-
chaeological site occupied during the Greek-Hel-
lenistic periods was located right to the north of
Pantano Morghella. It could be related to the
salt production and to its surveillance during
Antiquity®. Additionally, in the area AR-1 of
the archaeological site of Portopalo, near the
fish-salting vats, a fragment of a rock hand-mill
was found®. Similar artefacts found in many
other halieutic sites in Sicily are supposed to
have been used to crush the salt”. These kind of
discoveries contribute to bind a closer relation-
ship between fish related factories and salt pro-
ductions.

The long-term territorial organisation related
to the commercial fishing implies harbours for
fishing boats and possibly for commercial ships.
Ideally, good harbour opportunities are offered
with an accessible and sheltered water body
for ships/boats, and with a possibility to land
(beaching, docking, mooring, berthing). The
promontory of Pachino does not offer ideal natu-

F. Salomon, D. Bernal-Casasola, C. Vittori, H. Djerbi

ral harbours, but many opportunities are offered.
The coast of the promontory presents unequal
embayments between headlands. The coasts are
mostly erosive and reconstructing the evolution
of the coastline since Antiquity remains a chal-
lenge. Capo Passero might have offered better
harbour opportunities in the past. A synthesis
of old maps and texts describing the area since
the 16" c. demonstrates that the island of Capo
Passero was progressively formed and definitely
separated from the mainland Sicily between 1640
and 1720 CE. Before then, the harbour of Lun-
gobardo was located in the embayment south of
Capo Passero, and possible opportunities were
offered to the north. One of these harbours could
be the ancient Portus Pachynum mentioned by Ci-
cero in his Verrine Orations (2.5.87). However, no
harbour infrastructures have been found yet in
these areas.

89 Cfr. pp. 461-542, with the discussion of the archaeological
evidence.

9 Cfr. p. 485, fig. 22.
9! Cfr. pp. 123-170; for instance, BasiLe 1992, footnote 33.
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IL volume che vede la luce ¢ il risultato della prima campagna di attivita (2019) del progetto Archeofish, una
iniziativa internazionale italo-spagnola guidata da ricercatori dell'lstituto di Scienze del Patrimonio Culturale
del Consiglio Nazionale delle Ricerche (Catania) e dell'Universita di Cadice.

| risultati qui presentati riassumono la strategia di azione ed il contesto storico, archeologico e topografico
dell'area di studio e permettono al lettore diimmergersi nellapproccio dedicato ad un progetto di archeologia
globale quale esso e stato concepito. Il volume affronta il grande tema dell'economia, delle produzioni e del
ruolo dei contesti urbani e rurali della Sicilia romana, fissa gli obiettivi della ricerca e le strategie messe in
campo, definisce uno status quaestionis sulle officine di salagione fenicio-puniche, greco-ellenistiche e
romane della Sicilia, per presentare, infine, le attivita sul campo con gli scavi fatti a Portopalo di Capo Passero.
Un lavoro interdisciplinare guidato dal team italo-spagnolo, in cui hanno lavorato fianco a fianco archeologi,
archeozoologi, geografi, geologi, storici, ingegneri, restauratori, esperti di comunicazione e valorizzazione
della ricerca e specialisti vari provenienti da diverse parti dell'Europa.

Elvolumen que ve la luz es resultado de la primera campara de investigacion arqueologica (2019) del proyecto
Archeofish, una iniciativa internacional italo-espanola liderada por investigadores del Instituto de Ciencias del
Patrimonio Cultural del Consejo Nacional de Investigaciones (Catania) y de la Universidad de Cadiz.

Los resultados aqui presentados aunan la estrategia de actuacion y el contexto historico, arqueologico y
topogrdfico del area de estudio, y permiten al lector sumergirse en un proyecto de arqueologia global concebido
como tal desde sus inicios. Este volumen aborda aspectos cruciales como la economia, la produccion y el papel
de los contextos urbano y rural en la Sicilia romana. Asimismo, establece los objetivos de la investigacion y las
estrategias implementadas, ofreciendo un estado de la cuestion sobre las fabricas de salazon fenicio - punicas,
greco - helenisticas y romanas en Sicilia, y presentando en ultimo lugar los resultados de las actividades de
campo obtenidos durante las excavaciones realizadas en Portopalo di Capo Passero.

Un trabgjo interdisciplinar liderado por un equipo italo-espafiol, en el que han colaborado estrechamente
arqueologos, arqueozoologos, gedgrafos, geologos, historiadores, ingenieros, restauradores, expertos en
comunicacion y difusion de la investigacion y diversos especialistas procedentes de diferentes partes de Europa.
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