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a b s t r a c t
Thermo-mineral springs are widely spread over the volcanic areas of Campi Flegrei and Ischia, and on the western side of the city of Naples. Their use has, since long, been known by local inhabitants because they were one of
the main curative therapies in the past. The fortune and use of the thermal springs have been affected by the volcanic eruptions that occurred in different times in these areas. The exploitation of geothermal springs in Campi
Flegrei suffered a decisive decline after the eruption of Monte Nuovo in 1538. Conversely, after that eruption, in
Ischia Island there was a progressive increase of the use of thermal spring therapy. The use of geothermal
resources for electric generation has not been implemented in Campi Flegrei because of the difﬁculty in using
hypersaline ﬂuids, whereas in Ischia, local authorities preferred only the development of touristic activity
based on geothermal springs.
© 2011 Elsevier B.V. All rights reserved.

1. Introduction and geological outline
Campi Flegrei (Fig.1) is a caldera whose activity spans the last
50,000 years (Rosi et al., 1983; Lirer et al., 1987; Rosi and Sbrana,
1987; Scandone et al., 1991). The caldera had at least two major
caldera forming events: the Campanian Ignimbrite (CI) eruption at
39,000 years BP and the Neapolitan Yellow Tuff (NYT) eruption at
15,000 years BP (Lirer et al., 1987; De Vivo et al., 2001; Deino et al.,
2004) which formed a complex caldera structure. Acocella (2008)
suggests that the Campanian Ignimbrite eruption (39 Ka) formed a
circular collapse structure encompassing an area west of the city of Naples, whereas the Neapolitan Yellow Tuff eruption at 15 Ka reactivated
the same structure with a downsag of the southern part of the caldera
occupying the present gulf of Pozzuoli. After such events, intracaldera
activity occurred episodically along the border of the caldera, mainly
between 15 and 12,000 years and 8000 years BP, and between 4800
and 3700 years BP (Rosi et al., 1983; Rosi and Sbrana, 1987; Di Vito et
al., 1999).
A signiﬁcant uplift of the central part of the caldera occurred before
4500 years BP. An en-echelon pattern of normal faults in the northern
sector of the Gulf of Pozzuoli (Colantoni et al., 1972) borders an uplifted
portion of the caldera ﬂoor which, on land, is marked by a raised marine
terrace, called “La Starza”, presently at 40 m asl (Cinque et al., 1985).
The beginning of the uplift phase is not known with certainty but it
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occurred after the NYT caldera-forming eruption. At the same time the
southern bay of Pozzuoli subsided (Pescatore et al., 1984).
During historical times, there are reports of only two eruptions in
1198 (uncertain, Scandone et al., 2010) and in 1538 AD when a scoria
cone, called Monte Nuovo, was built.
Ischia (Fig. 2) is the largest island in the gulf of Napoli (it covers
46.3 km 2), located to the SW of Campi Flegrei. The volcanic activity
on the island spans the last 150,000 years. The island is the inner
part of a large caldera, whose only visible border outcrops on the
N–E side. The caldera was formed 55 ka BP, after the so-called Mt
Epomeo Green Tuff eruption (Brown et al., 2008). A signiﬁcant uplift
affected the central part of the caldera since 33 ka BP (Gillot et al.,
1982) with the formation of the volcanic–tectonic horst named
Monte Epomeo (Rittmann, 1930). The uplifted block was tilted to
the south as a result of a differential movement, and, as a consequence, the northern side was raised more than the southern one.
The last period of activity occurred since 10 ka BP with several eruptions located in the eastern sector of the island (Rittmann, 1930;
Rittmann and Gottini, 1980; Vezzoli, 1988).
Strabo (63 BC–19 AD) reports the occurrence of several eruptions
between the VIII Century and 474 BC, and refers also to an eruption
that occurred sometime after the 474 BC, which compelled the evacuation of the island from the Syracusans. Pliny the Older (23 BC–79
AD) also reports several eruptions that occurred before his time.
Iulius Obsequens, (lived during the IV Century AD) reports an eruption occurred in 91 BC. Rittmann and Gottini (1980), and Buchner
(1986) suggest the occurrence of other eruptions (I Century AC, 140
AC, III Century AC) of later age, basing on archeological data, and on
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Fig. 1. Digital elevation model of Campi Flegrei.

the work of Simone Porzio (Giustiniani, 1817). Archeomagnetic datings by Vezzoli et al. (2009) conﬁrm, at least partially, the occurrence
of a cluster of volcanic eruption that occurred between 650 BC and
355 AD. The last eruption (Arso) occurred again on the eastern sector
of the island in 1302.

2. Thermo-mineral springs in Campi Flegrei
The location of thermo-mineral springs was known since Roman
times and the ruins of thermal baths are in some cases still preserved.
The thermo-mineral springs in Campi Flegrei were mostly distributed

Fig. 2. Digital elevation model of Ischia Island.
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along the main structural lineaments of the caldera (Fig. 3). The ﬁrst
group of springs was concentrated around the western edge of the
NYT caldera (Scandone et al., 1991; Valentini et al., 2008). Another
group of thermal springs is located along the edge of the La Starza
uplifted block. This group comprises several thermal springs, which
were obliterated by the eruption of Monte Nuovo of 1538. The third
group comprises thermal springs located along the border of the
smaller Agnano caldera formed after the last major phase of activity,
between 5000 and 3000 years ago. Two isolated thermal springs

21

occur in the eastern side of the caldera, at the base of the Posillipo
hill and on Coroglio beach (Fig. 4).
2.1. The Roman time
The use of thermal baths for curative purpose was well known
since Roman times. Several classical authors report the wide use of
thermal baths mainly in Baia area (Fig. 1). The ﬁrst notice about the
curative use of thermal springs in Campi Flegrei is by Titus Livius

Fig. 3. Localization of thermo-mineral springs of Campi Flegrei, quoted in “De Balneis Puteolanis”, (Barbati, 1995).
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Fig. 4. The spring of Juncara on Coroglio beach near Bagnoli. a) b) Images from Corriere di Napoli 14-4-2011; c) miniature from Vatican Codex.

(59 BC–17 AD) who refers that a Roman consul, Gneus Cornelius, in
178 BC, went to a thermal spring called Aquas Cumanas.
A century later, the area of Baia became the preferred site of villas
of Roman patricians and became the favorite health and bathing
resort in the last period of Republican Rome (Maiuri, 1958). Its lavish
atmosphere is well described by Propertius (47 BC–14 AD) who
curses the water pools of Baia for corrupting his lover Cintia.
During Roman Imperial time, Pliny the Elder already mentioned
the great abundance of hot waters in Baia gulf, including those
spreading in the middle of the sea. This abundance prompted the
constructions of the largest thermo-mineral resort of ancient age (Maiuri,
1958). The complex, composed by four main structures, the so-called
temple of Diana, temple of Mercury, Thermae-Piscina of Sosandra
and the so-called temple of Venus, was built in the I Century BC
and remained in use till the III Century AD. During Roman imperial
time, a great part of the complex became property of the Roman
emperors.
Other ruins pertaining to thermal baths are scattered all over
Campi Flegrei along the coast from Pozzuoli to Napoli, and near a
still working thermal bath in Agnano.

2.2. The Middle Age
The barbarian invasions and the slow ground subsidence of Campi
Flegrei led to a progressive decadence of the luxurious thermal baths,
however their healing power remained well known and their use
survived the collapse of the majestic spa complex. The use of thermal
baths of Agnano, close by the Solfatara, is mentioned in the Dialogues
of St Gregory the Great (540–604 AD).
The slow subsidence of the Campi Flegrei during Middle Age is
testiﬁed by the ruins of an Ancient Roman market, the “Serapeum”, in
the city of Pozzuoli (Parascandola, 1947). The Serapeum had a thermal
bath which was lately known as Cantarellus (Fig. 5). The Serapeum, has
three high standing columns with evidence of a marine submersion

provided by the holes of lithodomes which reached a level of 8.39 m
above the ﬁrst ﬂoor of the market.
The earliest mention to Serapeum is an epigraph found in Pozzuoli
dated at 105 BC “LEX PARIETI FACIVNDO IN AREA QVAE EST ANTE
AEDEM SERAPI” relating to some building works in front of the temple
of Serapis. Parascandola (1947) used this epigraph to date the building
of the ﬁrst ﬂoor of Serapeum.
The ﬁrst testimony of a slow sinking of the ground around Pozzuoli
is that of Strabo (64 BC–23 AD) “Gulf Lucrinus broadens out as far as
Baiae; and it is shut off from the outer sea by a mound eight stadia in
length and broad as a wagon-road. This mound is said to have been
brought to completion by Heracles, when he was driving the cattle of
Geryon. But since it admitted the waves over its surface in times of storm,
so that it could not easily be traversed on foot, Agrippa built it up higher.”
(Geography V-4). In this place Strabo makes reference to the building
of the military port “Portus Iulius” in an area that was already in subsidence at his time, and since then suffered a progressive sinking (Fig. 6a).
Repair works of the Pozzuoli pier (Pilae) are documented in the II
Century AD, and replenishment of the coastal area are reported at the
end of the IV Century AD
We report in Table 1 the summary of historical informations
between Roman time and Middle Age. The available historical information suggests a progressive sinking of the area until some time before the eruption of Monte Nuovo (Parascandola, 1947). Since the VII
Century, the chronicle of travelers report the submersion of part of
the city below water (Toaff, 1965) and at this time, the Pozzuoli
settlement is conﬁned within its higher part (the Rione Terra).
Geological studies suggest a more complex history. Morhange et al.
(2006) date, through marine shells, high standings of the sea (subsidence
of the ground) in the surroundings of Pozzuoli and in the Serapeum in
cal. year AD 334–527, AD 698–884 and AD 1336–1454. Each subsidence
of the ground was followed by an uplift.
The maximum sinking of the ground is possibly marked by the highest level of lithodomes on the three high columns standing in the Serapeum. This level reaches about 8.39 m above the ﬁrst marble ﬂoor of the
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Fig. 5. a) Miniature of the Cantarellus bath around 1300 (Angelica codex); b) miniature of Cantarellus bath around 1400 (in Edinburgh codex), where visible are the Serapeum
columns still submerged by the sea; (c) current standing of Serapeum.

market. According to Parascandola (1947), the level of the sea at the
time of the construction could have been at least 2 m lower than the
ﬂoor. So the maximum sinking since Roman times must have exceeded
10 m.
In spite of the subsidence of the caldera ﬂoor, the use of thermal
baths ﬂourished during the Middle Age. The thermal baths are
mentioned in the X and XII Centuries in reports of travelers (Toaff,
1965). The ﬁrst and most important description about the baths
was made by Peter of Eboli, in a Latin poem written around 1200,
for the Roman Empire Emperor, either Henry VI or Frederik II. The
poem is entitled Liber Balneorum Terrae Laboris or De Balneis Puteolanis.
The poem was subsequently expanded and used as a true guidebook describing 35 thermo-mineral baths between Naples and Baia, illustrating
the diseases cured by each. Twenty eight copies of the manuscript still
survive (Kauffmann, 1959; D'Amato, 1976; Yegul, 1996), some of
which are illustrated with miniatures, depicting the baths. The oldest
one is held by Biblioteca Angelica in Rome (Angelica ms. 1974) and it
dates around the third quarter of 1200. The Angelica manuscript contains
only 18 miniatures and it is probably a fragment of the original poem,
which likely contained 35 miniatures (Kauffmann, 1959). The baths are
described following a geographical order, from Naples to Baia. The ﬁrst
three baths are located within the Agnano caldera, which, at that time,
was partially ﬁlled by a lake that was drained at the beginning of 1900.
Two of these springs, Balneum Sudatorium and Balneum Bulla still survive and are located in the current Termae of Agnano, and at Pisciarelli
locality, on the eastern side of the Sulfatara. Two other springs
(Balneolum and Balneum de Petra) along the coast from Naples to
Pozzuoli have disappeared, but have given their name to the locality
(Bagnoli and La Pietra). The last one was known because of its property
of dissolving the gravel stones in the bladder (stone= pietra). The spring
inside the Roman market, later called Serapeum was invaded by the sea,
during the Middle Age, and a cylindrical container was built around the

spring in order to preserve the thermal water. The name of this spring
is Cantarellus, deriving from the Neapolitan term cantaro (round
container) (Fig. 5a). A group of ten thermal springs were located in the
proximity of the locality called Tripergole, between Pozzuoli and Baia
(Fig. 7). The Angevin king Charles II gave order (15 September 1299)
to build in that place a hospital with up to 120 beds, for the cure
of the poor that could not afford the expenses for thermal baths.
Around the hospital and the springs rose a village with a church,
a pharmacy and several inns. During this time, the therapy of
thermo-mineral springs of Campi Flegrei, rivaled with the more
expensive cure provided by the physicians of the famous medical
school of Salerno, leading to violent confrontation between the
two schools
2.3. Ground movements at Campi Flegrei before 1538, and the environmental
impact of the eruption of Monte Nuovo in 1538
Evidence of a ﬁrst uplift of the ground in the area of Serapeum is
provided by an edict of 1429 of Queen Giovanna II conceding “all
the lands from Cantarellus bath till the sea” to the Hospital of
l'Annunziata. The edict of 1429 suggests that, at that time, the ground
should have begun to rise, drying some portions of land. A copy of the
Balneis Puteolanis (Edinburgh manuscript, Laing 138) dating to the
beginning of the XV Century, provides a miniature of the Cantarellus
bath close to the beach, but clearly showing the columns of the Serapeum still submerged by the sea (Fig. 5b). At a later time (1471), a
Neapolitan translation of the Balneis Puteolanis, found in the “Cronica
di Partenope” (Percopo, 1886) describes the Cantarellus bath actually
on the sea-shore and repaired by the incoming wave by the digging of
a hole.
More clear evidences of uplift and seismic crises are reported in
two other royal edicts of 1503 and 1511 conceding to the city of

Author's personal copy
24

L. Giacomelli, R. Scandone / Journal of Volcanology and Geothermal Research 209-210 (2012) 19–32

Fig. 6. Ground movement of the Serapeum ﬂoor desumed by historical information, and geodetic measures (Del Gaudio et al., 2010): a) period 100 BC–2009, b) period 1400–2009,
c) period, 1800–2009; (dashed lines indicate uncertain data).

Pozzuoli the land that were drying on its environment (Parascandola,
1947; Dvorak and Gasparini, 1991; Guidoboni and Ciucarelli, 2011).
The amount of uplift within this period can be established by comparing
the maximum sinking recorded by the column of the Serapeum and the
level of the ground in 1511. The new emerged land favored new settlements and buildings in the near proximity of Pozzuoli. Among these, the
church of Santa Maria delle Grazie was built in 1511. The original
ground level of the church was the same of the ﬂoor of the Serapeum

as can be evaluated by comparing pictures of late 1800 and the chronology of the sinking of Serapeum (Del Gaudio et al., 2010). Basing
on this estimate, we evaluate that by 1511 the ground in the area
of Pozzuoli had been raised already by at least 8–10 m since early
1400 (Fig. 6b).
Leandro Alberti visited the area of Pozzuoli in two different times
in 1526 and 1536 and provides a detailed description of the environment (Alberti, 1551). The most important information is that at the
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Table 1
Main historical events relative to ground movements in Pozzuoli from Roman times to 1198.
Year

Event

Note

105 BC
I Century BC

First testimony of Serapeum
Agrippa builds Portus Iulius

139 AD

Restoration of Pozzuoli Pier by Antoninus Pius

LEX PARIETI FACIVNDO IN. AREA QVAE EST ANTE AEDEM SERAPI.
Gulf Lucrinus broadens out as far as Baiae; and it is shut off from
the outer sea by a mound eight stadia in length and broad as a
wagon-road. This mound is said to have been brought to completion
by Heracles, when he was driving the cattle of Geryon. But since it
admitted the waves over its surface in times of storm, so that it
could not easily be traversed on foot, Agrippa built it up higher.
OPVS PILARVM VI MARIS CONLAPSVM A
DIVO PATRE SVO PROMISSVM RESTITVIT

II Century
394 AD

Building of second ﬂoor of Serapeum
Building of dyke on the sides of Serapeum

VII Century
X Century
1161
1198

Pozzuoli is below water
Part of Pozzuoli below water
Two suburbs of Pozzuoli sbmerged by sea
Earthquake and activity at Solfatara?

Ripam a parte sinistra macelli/iactis molibus propter incursione/
ingruentium procellarum…. Ripam a parte dextra macelli…..
Acts of St Peter and Paul refer to a submersion of Pozzuoli
Sefar
The travel of Bejamin de Tudela
Uncertain Phreatic explosion

time of his visit there was no more a Lake Lucrinus like the one
recalled in the Roman literature, but the sea had invaded the area
forming a gulf (Sinus Lucrinus) approaching the Averno lake
(Fig. 7b). In the sea prospicient the village of Tripergole were still visible some pillars of bricks forming the former Roman port, possibly in
the area called “Le Fumose”. He further mentioned the common use of
the thermal baths around Tripergole (the site of the future eruption)
implying that the uplift at Pozzuoli had not affected signiﬁcantly
the peripheral part of the caldera similarly to the pattern of deformation observed in recent times, and give some important clues on
the subsequent succession of events leading to the eruption of
1538.
A detailed reconstruction of the seismic activity leading to the
eruption of 1538 is reported by Parascandola (1947) and more
recently by Guidoboni and Ciucarelli (2011). These authors suggest
that important seismic crisis occurred as early as the beginning of
1500 possibly accompanying ulplift phases. The most important seismic crisis possibly occurred in the 2 years preceding the eruption culminating with a violent earthquake swarm in the two days before the
eruption. The eruption began on 29 September, 1538, with the sudden uplift of the area prospicient to Tripergole, the site where
Monte Nuovo was born (retreat of the sea in the area toward Baia,
by 200 paces) (Delli Falconi, 1538), and later by the opening of a fracture on this new dried land from Le Fumose toward Tripergole. With
the beginning of phreato-magmatic activity and the subsequent
building of a scoria cone, the village of Tripergole was entirely
obliterated. The ash fall caused major damage to the cultivations
(Fig. 8). The earthquakes swarm accompanying the beginning of
the eruption, caused widespread destruction to the city of Pozzuoli
(Parascandola, 1947). The area that had been occupied by the sea
(the former Sinus Lucrinus) was now uplifted or covered by the deposit
of the eruption leaving only a small pool, since called Lucrino lake
(Fig. 9).
The eruption destroyed all the thermal baths (10) around the
village of Tripergole whereas several others, especially toward Baia
were variously affected by the morphological changes around the
Lucrino bay. The vice-king of Naples, Pedro de Toledo, made many
efforts for the restoration of the city of Pozzuoli and its environment.
However the use of the thermal springs and their baths is no more
reported in chronicles and travelers report.
In 1667, the vice-king of Naples, Pedro de Aragona, in the attempt to
restore the economic wealth of Campi Flegrei, ordered the physician
Sebastiano Bartolo to investigate on the lost and remaining thermal
baths. Bartolo (1667) made a thorough study of all the existing literature, and probably also a ﬁeld research, discovering that of the 12
baths existing before the eruption from Naples to Pozzuoli, only 3

Interpretation

Source

Subsidence

Strabo

Subsidence
Subsidence
Subsidence

Parascandola (1947)
Camodeca (1980)

Subsidence
Subsidence
Subsidence

Fredericksen (1977)
Toaff (1965)
Toaff (1965)
Capaccio (1604)

were still in use (Sudatorio di Agnano, Subveni Homini, La Petra); of
the 20 baths between Pozzuoli and Baia, only 4 remained in use (Fontana
in Pozzuoli, Arco, the only one surviving of the ten of Tripergole, Bagno di
Tritoli and Sudatorio di Tritoli); and, of the 8 baths existing between Baia
(Punta dell'Epitafﬁo) and Miseno, only two remained in use (Del sole e
della Luna, Bagno delli Finocchi). Three marble epigraphs, enumerating
all the thermal springs, were positioned: one in Naples at the entrance
of the Piedigrotta tunnel (Fig. 10), the second one at Pozzuoli (now at
Porta Napoli) (Fig. 11), and a third one at Punta dell'Epitafﬁo (epitaph),
near Baia. The last one was removed around 1830 by English navy ofﬁcers (De Jorio, 1822). The two surviving epigraphs are the only existing
testimony, carved in marble, of the past grandeur of balneo-therapy in
Campi Flegrei. The vice-king allocated 9000 ducats for the restoration
of the thermal springs, but the baths never attained again the former
splendor. Nowadays, only a few spas exist in the area: the Terme
di Agnano in the former Sudatorium Agnani, the Terme Puteolane
in the former Subveni homini spring, the Stufe di Nerone spa near
Baia, in the former Balneum Silvianae, and the “Complesso Turistico
Averno-Damiani” fed by one of the springs of the former Tripergole.
A summary of all the known springs and private wells has been
compiled by Ministero dello Sviluppo Economico and is shown in
Fig. 12.
2.4. Geothermal explorations for electric generation
Attempts to utilize the geothermal resources for electric power
generation were made in Campi Flegrei in two different periods,
1939–53 and 1970–85, by SAFEN and a joint venture ENEL-AGIP
(Fig. 13). The SAFEN (Società Anonima Forze Endogene Napoletane)
drilled several wells in the areas of Mofete, Monte Nuovo and Agnano
down to depths ranging from a few tens of meters to several hundred
meters (Penta and Conforto, 1951). The deepest wells were drilled in
Mofete (CLV7, CLV16, CLV17 circa 500–600 m) and Monte Nuovo
(677 m). The highest temperature was found in Mofete (220 °C at
500 m depth) whereas the Monte Nuovo well was rather cool
(70 °C at 670 m) in comparison with the other two. Controlled ﬂashing was caused at CLV7 and CLV17 for production purposes. The
stabilized emission of water and vapor with a ﬂux of 9 l/s lasted for
4 months and ended for a possible occlusion of the well. A second
explorative campaign was conducted by a joint venture AGIP-ENEL
between 1979 and 1985 (Agip, 1987). Several wells were drilled in
the area of Mofete and further four wells were drilled in the area of
S. Vito, north of Pozzuoli. The area with the highest geothermal gradient was that of Mofete, as already observed by the previous exploration,
but the deepest well with the highest temperature was the S. Vito 3 well
that reached 3000 m with temperature in excess of 420 °C. The
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Fig. 7. a) Miniature of Balneum Tripergole (Edinburgh codex around 1400) where are visible the three arcs giving the name to the locality; b) the same bath in an older codex (Bodmer) showing the location of the bath between the Averno lake and the sea (mare) that, at the time was near to the Averno.

exploration campaign was continued during the seismo-volcanic crisis
which lasted between 1982 and 1984. The last well, Cigliano 1, drilled
in the proximity of S. Vito 3, was completed in January 1985 exactly at
the end of a seismo-volcanic crisis. Apparently the operation was not affected by the seismic phenomena. Production experiments were performed at Mofete from a reservoir at 1200–1450 m with steam
production of 60,000 kg/h at temperature of 165 °C, and at S. Vito 1
and S. Vito 3 with production rates of 100,000 and 55,000 kg/h and temperatures of 156 and 152 °C.
During both campaign the ﬂuids were considered too hypersaline
to allow the use of power turbines for electric power generation.

3. Thermo-mineral resources in Ischia
The discontinuities bordering the raised block of Monte Epomeo
represent natural escape routes for thermal springs fed both by shallow and deep aquifers (Celico et al., 1999; Di Napoli et al., 2009). On
the northern side there are several fractures feeding the thermal
springs of Casamicciola and La Rita and a lineament of fumaroles
along a fracture cutting Monte Cito. The southern part of Epomeo
was raised less than the northern one, and was more affected by a
sequence of landslide and mudﬂows occurring along the inclined surface
of the block. An extensive sampling of thermal springs and fumaroles

Fig. 8. Engravings of the eruption of Monte Nuovo in 1538 (Delli Falconi, 1538).
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Fig. 9. Oblique aereal view of Monte Nuovo in the background the Averno lake (right) and the smaller Lucrino lake (left).

was made by Di Napoli et al. (2009), who suggest that the waters were
released by two super-imposed aquifers: a shallow one (150–300 m
deep) in the southern and western sectors of the island, recharged by
meteoric and marine ﬂuids, and a deeper (>300–1000 m deep) and
hotter one located in the northern and southwestern sectors of the
island. The waters are possibly heated by the cooling and degassing of
a magma body whose minimum volume is in the order of 16–23 km3
of magma (Di Napoli et al., 2009) (Fig. 14).
The existence of numerous thermal springs was already known in
Roman time (Strabo, Geograph. Lib. V, Pliny the Elder, Lib. V-31) especially in the location of Nitrodi in Barano d'Ischia where was a small
shrine dedicated to the Nitrodian Ninphs, but its use was not so frequent

and popular as in the nearby Campi Flegrei. The frequent volcanic activity
during the Greek–Roman time prevented a widespread use of the geothermal resources. The eruption occurred after the 474 BC led to an evacuation of the island, then inhabited by Syracusan colonists. Possibly, the
eruption occurred during the reign of emperor Augustus (27 BC–14 AD)
(Buchner and Rittmann, 1948) compelled this one to exchange, with the
Neapolitans, the possession of Ischia for Capri. Another extensive evacuation of the island occurred with the eruption of Arso in 1302 when
numerous people ﬂed to the mainland in Pozzuoli where, since then,
there was a standing testimony by the widespread presence of the surname Schiano (elision of the term Ischiano = inhabitant of Ischia)
(Annecchino, 1960).

Fig. 10. The marble epigraph of Sebastiano Bartolo enumerating the thermal springs between Naples and Pozzuoli at the entrance of the Piedigrotta tunnel in Naples.
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Fig. 11. The marble epigraph of Sebastiano Bartolo enumerating the thermal springs between Pozzuoli and Baia located at Porta Napoli in Pozzuoli.

3.1. The Modern Age
Giovanni Elisio published in 1519 a book on the thermal baths of
Campania entitled “Succincta instauratio de balneis totius Campaniae”
with an Appendix dedicated to the baths of Ischia “Li bagne anexi de
la insula de hiscla dicta enaria”. The books enumerates the already
known thermal baths of Campi Flegrei with the addition of those
known in Ischia. The Appendix cites at least 14 among thermal
baths and saunas in Ischia (Fig. 15).
A ﬂourishing of thermal baths in Ischia is testiﬁed in 1588 by a calabrian physician, living in Naples, Giulio Iasolino. His book “De Rimedi Naturali
che sono nell'Isola di Pithecusa; hoggi detta Ischia” enumerates 35 thermal
baths, 19 saunas and 5 hot dry sand localities. The book of Iasolino is

written a few years after the eruption of Monte Nuovo in Campi Flegrei,
where numerous thermal baths were destroyed, and it is likely that Ischia
came to be more renown and safe for the cure of diseases.
In 1604, the curative properties of thermal springs were so well
known, that some Neapolitan nobles built in Ischia, at Casamicciola
the largest thermal bath of Europe, named “Pio Monte della Misericordia”
to allow the balneum-therapy also to the poor (Fig. 16). The place was
near the thermal spring of “Gurgitello”. The building was destroyed by
the earthquake of Casamicciola of 1883, and rebuilt in 1895. Since
1973, it lies in disrepair on the seaside of Casamicciola because of
legal problems relating to the property of the buildings.
Since 1600, several other thermal baths became famous for their
properties. For example, the Olmitello spring, in a valley near the

Fig. 12. Localization of springs, fumaroles and private wells in Campi Flegrei. The summary is made by the electric company ENEL. Of particular interest is the fumarole sC100 which
identiﬁes the Fumose fumarole where was localized the fracture feeding the initial phase of the eruption of Monte Nuovo. Many of the springs are located in correspondence of the
old thermal baths.
Ministero dello Sviluppo Economico full information can be obtained at link http://unmig.sviluppoeconomico.gov.it/unmig/geotermia/pozzi/pozzi.asp.
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During the last four centuries, the thermal establishments became
more numerous and renown and were frequented by illustrious
people like Giuseppe Garibaldi, who arrived in the island after the
battle of Aspromonte, Camillo Benso di Cavour, Arturo Toscanini
and many others.
Also during our time much of the economy of the island is mainly
based on the spa activity lasting all the year long. Presently in the
island there are 90 spring and low depth wells (b100 m) with maximum ﬂow of 70 m 3/h and temperatures between 22 and 105 °C, and
11 wells with depth down to 1135 m and temperature up to 232 °C.
The thermal capacity of all these wells is estimated in 100 MWt, but
the one utilized for balneum-therapy is of the order of 65 MWt,
with over 100 hotels with their own thermal pools and therapy, 9
thermal spas an 70 thermal pools.
Fig. 13. Localization of explorative geothermal wells drilled by SAFEN and ENEL-AGIP
in the Phlegrean area.
Ministero dello Sviluppo Economico: full information can be obtained at link http://
unmig.sviluppoeconomico.gov.it/unmig/geotermia/pozzi/pozzi.asp.

beach Maronti, was retained good for rounding renal stones and
allow their expulsion (from the Greek rounding of stone). The
spring, laying in a deep valley, was made accessible with the construction of a small road by the count Giorgio Corafà, viceking of
Palermo, when arrived in Ischia for thermal therapy and since
then, resided in the island. The spring was abandoned after 1950
when was given in use to the CIVAM society that used it for salt
extraction.

3.2. Geothermal exploration for electric generation
Between 1942 and 1954, the SAFEN (Società Anonima Forze
Endogene Napoletane), drilled in the island 101 wells with depths
between 10 and 1135 m, which ascertained the presence of a shallow water-dominated system with sea-water inﬁltration (Penta
and Conforto, 1951). The production was sometimes characterized
by saturated vapor, but more frequently, by an intermittent,
geyser-like mixture of vapor and water (Fig. 17).
Experiments of electric generation were performed in two wells
on the beach of Cetaro where the ﬂuid temperature was 176 °C. In
one well, wet-vapor at 100–130 °C was used for the alimentation of
an electric power turbine (250 kWe). The other well used a bi-

Fig. 14. Geological sketch map of the Isle of Ischia (Gillot et al., 1982).
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Fig. 15. Localization of springs on Ischia island area.
Ministero dello Sviluppo Economico: full information can be obtained at link: http://unmig.sviluppoeconomico.gov.it/unmig/geotermia/pozzi/pozzi.asp.

stadium process with a low-boiling ﬂuid (ethyl chloride) which
alimented a 500 kWe power generator.
An attempt for new geothermal exploration for electric generation
was made by the joint venture of ENEL-AGIP in 1970–80, but was
rejected by local authories, who decided that the thermo-balneum
industry was more proﬁtable than other exploitation.
4. Conclusions
The exploitation of geothermal resources in Campi Flegrei and
Ischia island has been intensive and successful during the last
2000 years. Volcanic activity has affected the exploitation removing

people from both places for long times and eventually affecting also
the distribution of the thermal springs.
The long quiescence of volcanic activity at Campi Flegrei (since
1500 BC, Scandone et al., 1991) favored an early development of the
use of thermal baths which continued without interruption from
Roman time till 1538. The use of spas was not inﬂuenced by the
substantial ground subsidence or uplift which affected especially the
central part of the caldera. Some springs that were so renown were
used even when they were completely submerged by the sea (e.g.:
Cantarellus, Sol et Luna). The small eruption of 1538 affected in a
relevant way the use of thermal baths. Partly, the decadence was related
with the destruction of several baths in the immediate surroundings of

Fig. 16. The current appearance of the building of Pio Monte della Misericordia di Casamicciola, no more in use since 1973.
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Fig. 17. Localization of deep wells drilled by SAFEN on Ischia island (Ministero dello Sviluppo Economico).

the site of the eruption, other damages were caused by substantial morphological changes due to the eruption. We suspect however, that the
psychological effects caused by the eruption affected in a more subtle
way the attitude of people toward the use of balneotherapy. The eruption
canceled the relaxed image of the area which had been so well described
for over 1500 years by poets like Propertius, Boccaccio, Petrarca and Sannazzaro. Every attempt to restore the previous splendor suffered a failure
ﬁrstly because of the scare caused by the eruption and subsequently because of the connection of volcanic activity with the devil presence, especially in a period when the Inquisition was powerful and not even allowed
the show and the mixing of naked bodies of man and women, which were
so common in the previous period as well shown in the miniature of the
Balneis Puteolanis.
The earlier eruptions at Ischia Island during the Greek–Roman
time prevented an early development of the balneotherapy which
was well known to Greeks and Romans. The balneotherapy at Ischia
ﬂourished only after the destruction of the thermal spas of Campi
Flegrei because of the eruption of Monte Nuovo. The seismic activity,
occurred at Ischia in 1881, and 1883, although destroying some spas
(especially in Casamicciola), did not affect relevantly the exploitation
of the geothermal resources.
The failure of exploitation for electric generation in Campi Flegrei
was probably related to the difﬁculties of using hypersaline ﬂuids and
cost of maintenance. The choice of local authorities in Ischia to deny
the use of geothermal resources for electric generation has been
probably correct in view of the ever growing development of
balneum-therapy. Conversely, the basic loss of this resource in
Campi Flegrei after the eruption of 1538 denied to this area a touristic
development and exploitation similar to that of Ischia.
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