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Salt pro duc tion in It aly: from an cient salt springs to mod ern min ing
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Ab stract. In It aly, salt pro duc tion meth ods evolved over the cen tu ries, from coastal salt pans to ar ti fi cial evap o ra tion of
brines, to mod ern un der ground and so lu tion min ing. Rock salt pro duc tion in in land ar eas dates back to Etrus can times, in
mod ern Tuscany. In the Mid dle Ages, the salt springs of Volterra were sys tem at i cally and con tin u ously ex ploited, and since
the early 1900s pro duc tion was car ried out with en gi neered so lu tion min ing, that al lowed Sol vay to build a large soda fac tory
in Rosignano in 1913. In the last de cades of the 20th cen tury, so lu tion min ing started also in Calabria. Here, in the Timpa del
Salto mine, some sink holes ap peared in 1984, trig ger ing a land slide and an over flow of brine, an event that grad u ally led to
the in ter rup tion of min ing ac tiv i ties. Calabria is also known for the lon gest-lived Ital ian un der ground rock salt mine
(Altomonte-Lungro mine), ex ploited al most con tin u ously since an tiq uity and ac tive un til 1978. Fi nally, in Sic ily, nu mer ous un -
der ground salt mines were in ten sively ex ploited since the sec ond half of the 20th cen tury, and three are still ac tive
(Realmonte, Racalmuto, Petralia). We out line the his tor i cal de vel op ment of these Ital ian salt pro duc tion sites and the evo lu -
tion of min ing tech nol o gies as used in dif fer ent geo log i cal con texts.
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INTRODUCTION

GEOLOGY OF SALT DEPOSITS IN ITALY

Dur ing the Messinian Age (7.2–5.3 Ma) “the Med i ter ra nean
area un der went a se ries of rapid and dra matic paleogeographic 
changes in volv ing com plex feed backs among tec ton ics,
eustasy and cli mate” (Roveri et al., 2001). In par tic u lar, the end
of this age is char ac ter ized by the well-known and de bated
Messinian sa lin ity cri sis, when the Med i ter ra nean ba sin sep a -
rated from the At lan tic and un der went sev eral cy cles of evap o -
ra tion and, in some cases, des ic ca tion (Krijgsman et al., 1999;
Roveri and Manzi, 2006; Vai, 2016). This event led to the de po -
si tion of a dis tinc tive evaporitic and post-evaporitic geo log i cal
suc ces sion, es pe cially in the most iso lated bas ins.

In the Ital ian geo log i cal lit er a ture, the terms serie
gessoso-solfifera or formazione gessoso-solfifera (gyp sum-sul -
phur for ma tion) have been used at least since the work of
Giuseppe Scarabelli (1820–1905) to in di cate Up per Mio cene
strata in clud ing large masses of gyp sum, anhydrite, sul -
phur-bear ing lime stones, rock salt and other salts interbedded
with terrigenous de pos its dis trib uted along the Apennine arc,
from Piedmont to Sic ily (Fig. 1). The gessoso-solfifera was of
great eco nomic in ter est due to the pres ence of large de pos its of 
sul phur, rock salt and po tas sium-mag ne sium salts. The stra tig -
ra phy of the for ma tions in volved was as sessed by the Ital ian
ge ol o gist Selli (1954, 1960) to in di cate a pile of de pos its cor re -
spond ing to the Messinian Stage and rep re sen ta tive of the set
of palaeoceanographic events known as the Messinian sa lin ity
cri sis.

The min eral de pos its in cluded in the gessoso-solfifera show 
a re peated se quence of min er als, from the least to the most sol -
u ble: first cal cite, ar agon ite, and do lo mite, that form car bon ate
rocks, then gyp sum and anhydrite (cal cium sul phate), to ha lite
(rock salt), and lastly po tas sium and mag ne sium salts (sylvite,
car nal lite, kainite). All the rock salt de pos its of con ti nen tal It aly
and the rock salt and po tas sium-mag ne sium salts de pos its of
Sic ily are part of this biogenic-chem i cal geo log i cal suc ces sion
en closed be tween Mio cene and Plio cene terrigenous de pos its.
The Messinian Age ended with the Zanclean flood, when the
Strait of Gi bral tar opened, and the Plio cene be gan.

Many sul phur de pos its of the gessoso-solfifera have been
ex ploited in Emilia-Romagna, Marche, Cam pania, Calabria,
and es pe cially in Sic ily (Castaldo and Stampanoni, 1975) giv ing 
birth to the im por tant Ital ian min ing in dus try of the 19th and 20th 
cen tu ries. Rock salt re sources of the gessoso-solfifera have
long been ex ploited not only by un der ground min ing, but also by 
col lect ing brines from nat u ral salt springs, later ex tracted from
ded i cated wells, as in Salsomaggiore (North ern Apennines).
Here, nu mer ous salt springs have been known and ex ploited
since an cient times (Bacci, 1571), and from the 19th cen tury
they were used for med i cal pur poses (cold hypersaline
salsobromoiodic wa ter), for food-grade salt pro duc tion, and for
the chem i cal and phar ma ceu ti cal in dus try (el e men tal io dine
and bro mine pro duc tion). From 1923 to 1938, al most 90 wells
were drilled in this area, to depths rang ing from 400 to 1300 m,
for the com bined pro duc tion of brines, nat u ral gas and crude oil.

CASE STUDIES: TUSCANY, CALABRIA AND SICILY

In Tuscany the salt de pos its of the area south-west of
Volterra con sist of ha lite lay ers in cluded within the Messinian
gessoso-solfifera, lo cally made up of ir reg u larly interbedded
sand, marl and clay with mi nor gyp sum and anhydrite. Over all,* Cor re spond ing au thor: e-mail: paolo.macini@unibo.it
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Fig. 1. Dis tri bu tion of Messinian de pos its in It aly

The red cir cles in di cate the main salt pro duc tion sites an a lyzed in the pa per (re drawn from Roveri et al., 2001)



the thick ness of the evaporitic unit var ies be tween 200 and
500 m, and nor mally shows 2 to 3 prin ci pal salt lay ers of len tic u -
lar shape. The di men sions of the lenses or masses of ha lite can 
reach 1 km in length, hun dreds of metres in width and a thick -
ness rang ing from 15 to 30 m. The thick ness of the clayey de -
pos its that sep a rates the var i ous salt masses is ex tremely vari -
able, nor mally rang ing from 20 to 40 m; interfingering of salt with 
clays, and vice versa, is also com monly pres ent. The depth of
the salt lay ers, to day ex ploited by so lu tion min ing, var ies be -
tween 100 to 200 m (Mazzanti et al., 1963).

In Calabria the salt masses ex ploited in Altomonte-Lungro
and Timpa del Salto mines (two sites over 80 km apart), are
again con tained in the gessoso-solfifera. The de posit of Lungro
is a large mass of finely strat i fied ha lite interbedded in a clay
and sand stone suc ces sion. It spans for ~1 km par al lel to the
con tact of the trans gres sion be tween the Late Mio cene and the
Ligurian shales. The salt mass is over 500 m thick and lies in
sub-ver ti cal po si tion (Ogniben, 1969). At Lungro, un der ground
min ing was ac tive un til 1978. The de posit of Timpa del Salto,
again of Messinian age, is lo cated in a de tri tal-sa line unit
formed of clay and anhydrite of ten ce mented by salt beds. The
de posit has a fairly reg u lar mor phol ogy, with 4 lay ers of vary ing
thick ness, up to 300 m or more at the hinge of the anticline. The
top of the salt lay ers is lo cated be tween 300 and 650 m deep
(Gisotti, 1992). Here, salt was pro duced by so lu tion min ing from 
1969 to 2009.

In Sic ily the gessoso-solfifera out crops in the cen tral ba sin.
The salt de pos its are grouped in a large NE–SW-ori ented strip
of cen tral Sic ily, from Sciacca to Petralia, and in cludes the ac -
tive mines of Petralia, Realmonte and Racalmuto (Castaldo and 
Stampanoni, 1975). The salt masses have been af fected by in -
tense compressional tec ton ics that de ter mined a sys tem of
folds in creas ing the thick ness of the salt lay ers up to 400–600
m, as in the mine of Realmonte. In Sic ily there are also im por -
tant de pos its of po tas sium-mag ne sium salts, con sist ing of
kainite masses (with mi nor car nal lite and silvite) interbedded
with ha lite lay ers, as in the mines of Realmonte, Bosco and
Pasquasia (Adamo and Ramberti, 1979). The Pasquasia mine
was ac tively ex ploited for pot ash with state-of-the-art min ing
equip ment and in fra struc tures un til 1992.

PROTO-INDUSTRIAL SALT PRODUCTION

ANTIQUITY TO THE LATE MIDDLE AGES

Since an cient times, and still now a days, hu man kind has
pro duced or ex tracted ed ible salt from three main sources: by
nat u ral evap o ra tion of sea wa ter, by forced evap o ra tion (boil -
ing) of sea wa ter or brines pro duced from salt springs or ded i -
cated wells, or by ex tract ing it in its nat u ral solid form, in rock
salt mines. Salt has al ways been an in dis pens able com mod ity
for daily life, not only for sea son ing food, but also for pre serv ing
fish, meat and ol ives, as well as for the prep a ra tion of cheese
and dairy prod ucts. The tra di tional and most wide spread tech -
nol ogy used in the Med i ter ra nean area, char ac ter ized by hot
and dry sum mers, was the pro duc tion of salt from sea wa ter by
evap o ra tion, eas ily car ried out in the low and sunny coastal la -
goons, trans formed and en gi neered as saltworks or “salt pans”.
This method has been used since the Neo lithic (Weller, 2015),
and many salt pans such as that of Trapani (Sic ily) and Cagliari
(Sar dinia) were built by the Phoe ni cians, and to day, be sides
salt pro duc tion, they stand as geosites for cul tural her i tage con -
ser va tion and as tour ist des ti na tions.

Be fore the foun da tion of Rome, the salt pans of the pres ent
North ern Lazio coast were un der the con trol of the Etrus can city 
of Veii, as was the road sys tem for the dis tri bu tion of salt to -
wards the in land ar eas, which only in the cen tu ries to come
would take the name of Via Ostiense (from the Tyrrhenian coast 
to Rome) and Via Salaria (from Rome to the East). In the 4th
cen tury BCE, the con trol of these salt pans was the cause of the 
con flict be tween Rome and the city of Veii, which was then de -
feated and de stroyed. Even later, the salt pro duced in the
coastal salt pans was widely used by the Romans (Alessandri
and Attema, 2022). In 150 BCE, Cato the El der in his De
Agricultura rec om mended stor ing a modius of salt per year
(~8.5 litres, or 10 kg) for each mem ber of the fam ily, and slightly
less for each slave, both for di rect con sump tion and for pre serv -
ing food.

Marcus Manilius’ de scrip tion of fish pro cess ing and con ser -
va tion (30–40 CE) in his Astronomica sug gests that many Ro -
man-era saltworks were as so ci ated with fish-salt ing fa cil i ties
(Lowe, 2018). In the 1st cen tury CE, Lucius Columella (De Re
Rustica, book 12) also de scribed how to pre pare salted pork.
Pliny the El der (Naturalis Historia, book 31) dis tin guished na tive 
from ar ti fi cial salt. He listed many nat u ral salts com ing from dif -
fer ent lo ca tions, such as ac cu mu la tions near salt springs, salt
crusts around salt lakes and nat u ral salt dug from the ground,
in clud ing the Egyp tian “am mo nium” salt. The am mo nium salt of 
Greek and Ro man writ ers was a pure salt pro duced in the
oases of the Lib yan desert, par tic u larly in that of Am mo nium
(to day Sîwah); it was of such ex cel lent qual ity that later it was
cited as med i cine by Galen and Dioscorides (Ruska, 1928).
Among the ar ti fi cial salts, Pliny cited, as the best and most
abun dant, the com mon salt pro duced by evap o ra tion of sea
wa ter in coastal salt pans; he also men tioned the salt of Bab y -
lon, which forms a bi tu mi nous sur face foam when the brine is
boiled. In his opin ion, the salt pro duced by evap o ra tion or boil -
ing of brines yielded a salt of lower qual ity.

The late Latin au thor Rutilius Namatianus in De Reditu Suo
wrote of his voy age home to Gaul, car ried out be tween 415 and
417 CE, dur ing which he vis ited some salt pans in the ter ri tory
of Volterra, built near his host’s man sion. Here, sea wa ter en -
tered the salt marshes through chan nels, run ning down through 
lit tle trenches and flood ing a sys tem of many di vided ponds. A
sys tem of locks con ve niently con trolled the wa ter flow, so that in 
the sum mer the en trapped sea wa ter evap o rated, be ing no lon -
ger in con tact with the open sea.

The sec ond method of salt pro duc tion, by forced evap o ra -
tion of brines in coarse pot tery placed on a wood fire
(briquetage) was mainly (but not ex clu sively) prac ticed in in land 
ar eas far from the sea (Har ding, 2014). In the Sichuan re gion
(China) there is ev i dence of this tech nique since 3000 BCE, first 
us ing brines col lected from salt springs and then, af ter the 3rd
cen tury BCE, with brines pro duced from drilled wells. In Eu -
rope, the con tain ers used for briquetage were made of
thick-walled ce ramic ma te ri als, but in China they were large
boil ers made of iron (Kurlansky, 2003). In late an tiq uity, ce ramic 
was aban doned in fa vour of larger me tal lic boil ers, first us ing
lead and then iron.

The third method of salt pro duc tion, min ing, was widely
prac ticed by the Proto-Celtic speak ing pop u la tions of Cen tral
Eu rope, who ex ploited the salt de pos its of Halle in Sax ony and
those of Hallstatt and Hallein, both in the Salzburg area
(Reschreiter and Kowarik, 2019). The wealth com ing from the
salt trade stim u lated the de vel op ment of the Hallstatt cul ture in
the Iron Age (700–450 BCE). In It aly, the Altomonte-Lungro salt 
mine (Calabria) was prob a bly al ready used in pre his toric times
and then also by the Greeks and Romans.
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Af ter the col lapse of the Ro man Em pire, the Med i ter ra nean
saltworks did not cease their pro duc tion, but were sim ply man -
aged by the new rul ers, the Byzantine peo ple and the Arabs. In
par tic u lar, in the Adri atic area, the emerg ing power of Ven ice in
the 9th cen tury stim u lated tech ni cal prog ress from the sin gle
evap o ra tion pond of the prim i tive salt pans into a more ef fi cient
sys tem of mul ti ple ponds where in creas ingly con cen trated so lu -
tions were ac cu rately stored and man aged (Kurlansky, 2003).
In the 10th cen tury, in ad di tion to the Ve ne tian salt pans of
Chioggia and of those fac ing the Dal ma tian coast, the arch -
bishop of Ravenna pro moted the cre ation of new saltworks in
Cervia (in op er a tion since 965), along the coast of Romagna,
and di rectly con trolled by the Pope. Later, in tense com pe ti tion
pushed the Ve ne tians to con trol the Med i ter ra nean salt mar -
kets, im port ing salt from Egypt, Cri mea, Crete, Cy prus, Puglia,
Sar dinia, Ibiza and Al ge ria, try ing to dom i nate the sup ply and to
con trol pro duc tion. From the 13th cen tury the Cam era Salis
(Cham ber of Salt) of Ven ice is sued rigid trade li censes that es -
tab lished not only the price and the quan tity of salt that could be
ex ported, but also the geo graphic ar eas. This sys tem fa voured
Ven ice in the con flict with the re pub lic of Genoa (1379–1381),
its ri val in the Med i ter ra nean trades, ini tially of a com mer cial na -
ture and then trans formed into a real war.

EARLY MINING TREATISES: AGRICOLA AND BIRINGUCCIO

The Re nais sance marks the mod ern de vel op ment of min -
ing tech nol ogy, min eral pros pect ing and met al lur gi cal prac -
tices. These were clearly rec og nized and doc u mented in Ger -
man-speak ing ar eas as early as the first half of the 15th cen -
tury. Many prac tices had to be re adapted or re in vented, and
new metal smelt ing and re fin ing pro cesses were in tro duced, as
was sys tem ati za tion of al chem i cal prac tices based on the use
of fire. The new met al lur gi cal meth ods of that pe riod are best
de scribed in Vannoccio Biringuccio’s De la Pirotechnia (1540),
while Georgius Agricola’s De Re Metallica (1556) and De
Natura Fossilium (1546) are the mile stones of both min ing-met -
al lur gi cal tech nol o gies and geo log i cal-min er al og i cal stud ies,
re spec tively, and so also of salt pro duc tion.

Book 2 of De la Pirotechnia (Biringuccio, 1540) con tains a
chap ter fo cused on salt pro duc tion, ei ther by min ing or by wa ter
con cen tra tion, i.e., nat u ral evap o ra tion of sea wa ter or forced
evap o ra tion of brines. Biringuccio de scribed the salt pans of the 
Med i ter ra nean, the saltworks of Halla (Tyrol), and the iron boil -
ers uti lized there. As in “Halla in the Duchy of Aus tria (mod ern
Hall in Tyrol), even in Volterra salt is pro duced from salt wa ter
ex tracted from some wells”. “The salt wa ter is boiled and evap -
o rated in lead boil ers. The fi nal prod uct is a snow-white salt,
pro duced in such a large quan tity that it sat is fies not only the lo -
cal needs, but also those of Flor ence and its nearby ter ri tory”.
The lead boil ers used in Volterra were sim i lar to those used for
vit riol pro duc tion. Un for tu nately, Biringuccio did not de scribe
salt rock min ing.

Book 12 of De Re Metallica (Agricola, 1556) re ports that
“salt wa ter is con verted into salt ei ther in salt pans with the
power of the sun (Fig. 2), or in boil ers and pots with the power of 
fire” (Fig. 3). Con cern ing the salt pans, Agricola rec om mended
that to boost rapid and uni form evap o ra tion, the ponds must be
shal low, flat, hor i zon tal, and ef fec tively en crusted to avoid wa ter 
losses. In hot and dry coun tries, salt pans can evap o rate ei ther
sea wa ter or brines pro duced from salt springs or wells. He de -
scribed the ge om e try of the ponds, di vided into bas ins and ca -
nals, the flow of the wa ter and the fi nal har vest ing of salt with
shov els and rakes. As for forced evap o ra tion, Agricola re called

the best prac tices for the con struc tion of build ings that house
boil ers, so that the walls and fur naces are func tional and safe
from fires or rain. Boil ers must be made of iron or lead. In the
work shops of Halae Hermundurorum (Halle in Sax ony) both the 
fore men and the la bor ers worked half na ked, dressed only in
short pants, to better with stand the heat of the fur naces.

SALT PRODUCTION IN TUSCANY

MOJE DI VOLTERRA: FROM SALT SPRINGS TO SOLUTION MINING

Nu mer ous salt springs were known and ex ploited in the ter -
ri tory of Volterra, prob a bly since Etrus can times, in the pres ent
lo cal i ties of Buriano, Montegemoli, Sa line and Querceto. The
first his tor i cal ev i dence of salt pro duc tion dates back to 962,
when Em peror Otto I es tab lished the shar ing of ju ris dic tion and
fi nan cial in comes over the lo cal saltworks into equal parts be -
tween the Bishop and the Com mune of Volterra. The salt trade
was in fact one of the main sources of wealth in me di eval
Volterra. A le gal doc u ment of the Bishop, dated 974, in di cated
the saltworks as moja regis (moja, from the late Latin muria,
brine, and regis, of the sov er eign). In the same years, a manu -
script of the mu nic i pal ar chive of Volterra re ported the de scrip -
tion of two trips made by salt work ers from Volterra to Halle
(Sax ony), in vited in 981 by the Em peror Otto II to in struct Ger -
man work ers in both the art of saltmaking and brine boiler con -
struc tion (Borelli, 2000).

Po lit i cal, eco nomic and mil i tary strug gles for the con trol of
the saltworks among the Bishop and the Com mune of Volterra
took place be tween the 12th and the 14th cen tury, which ended
up with an af fir ma tion of the town gov ern ment, that be gan to
take away the ju ris dic tion of the moje from the Bishop, pur chas -
ing wells or lands nearby sa line springs. Thus, the Com mune
set up a sort of mo nop oly on salt pro duc tion and trade. Be tween 
1240 and 1250, saltworks priv i leges were also dis puted by the
em peror Fred er ick II, who claimed and con fis cated the old
rights over the moje in fa vour of the Holy Ro man Em pire. In ev i -
ta bly, the eco nomic im por tance of salt awak ened the in ter est of
Siena and Flor ence, that were al most con tin u ously fight ing for
the dom i na tion of Tuscany. Volterra lost its au ton omy in 1472
af ter mil i tary con quest by Flor ence, then un der the lord ship of
Lorenzo de’ Medici il Magnifico (1449–1492). The saltworks be -
came prop erty of Flor ence, which how ever soon re as signed the 
con ces sion to the town of Volterra, un der a yearly fee, be cause
only the long-es tab lished lo cal ex pe ri ence was able to man age
salt pro duc tion prof it ably.

Here, salt pro duc tion was car ried out by evap o ra tion of
hypersaline brine (close to sat u ra tion) ex tracted from hand-dug
wells, ac cord ing to a sys tem that re mained al most un changed
from the time of the first writ ten tes ti mo nies un til the end of the
17th cen tury, and with few mod i fi ca tions even un til the be gin ning
of the 20th cen tury. A well was ex ca vated, lined with bricks and
mor tar and com pleted with an oak tim ber cas ing; the salt wa ter
was drawn with buck ets lifted by a man ual winch (bur bera), and
then poured into lead boil ers, mea sur ing ~2 ´ 3 m, placed on
wood-fired fur naces. The work ing con di tions were very de mand -
ing, also due to the need to keep the fur naces cease lessly ac tive
(Martelli, 1843). In Volterra salt pro duc tion al most never stopped, 
and pro duc tion was cer tainly con tin u ous from the time of the
Medici un til the Grand Duchy of Tuscany (Targioni Tozzetti,
1770), and is still ac tive to day. The 17th cen tury manu scripts by
Rocco Romegialli and Raffaello Maffei de scribe the pro duc tion
meth ods of the Volterra saltworks and the or ga ni za tion of the
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Fig. 2. Evap o ra tion of sea wa ter by the ac tion of the sun and wind (Agricola, 1556: 441)



Dogana del Sale (salt cus tom), an in sti tu tion of me di eval or i gin
which pre sided over the stor age and dis tri bu tion of the saltworks
pro duc tion (Romegialli, 1636; Maffei, 1650).

In the 17th cen tury Flor ence car ried out a tech ni cal and ad -
min is tra tive mod ern iza tion of the salt pro duc tion fa cil i ties
(Targioni Tozzetti, 1770). The grand duke Pe ter Leopold I (later
arch duke of Aus tria, King of Hun gary and Bo he mia, and Holy
Ro man Em peror Leopold II) vis ited the saltworks in 1773 and
stim u lated the tran si tion of salt pro duc tion from an artisanal to
an in dus trial stage. New in dus trial fa cil i ties were built un der the
aus pices and pub lic money of Pietro Leopoldo be tween 1787 to 
1790; these are known as the Moje nuove or Fabbriche leo -

poldine (New moje, or Leopoldine plants). Parts of these build -
ings still ex ist to day and, to gether with a church and some an -
nexed build ings, shaped the com mu nity of Sa line, to day part of
the mu nic i pal ity of Volterra. In the fol low ing de cades, ini tia tives
and pro jects mul ti plied to de velop pro duc tiv ity, re duce costs
and im prove work ing con di tions (Martelli, 1843). The leopoldine 
plants were in op er a tion un til WW1, with much mod ern iza tion
im ple mented dur ing the 19th cen tury, such as au to matic pump -
ing sys tems to with draw wa ter from wells, the use of me chan i cal 
drill ing rigs, and the de vel op ment of a new road net work, in clud -
ing the con struc tion of a rail way line link ing Volterra to Cecina
(1860–1863).
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Fig. 3. Forced evap o ra tion of nat u ral brines by means of ar ti fi cial heat (Agricola, 1556: 449)



In the sec ond half of the 19th cen tury, Paolo Savi, pro fes sor
of ge ol ogy at the Uni ver sity of Pisa, car ried out a de tailed study
of the rock salt of Volterra. More spe cif i cally, in 1832 an ar te sian 
well drilled at a depth of 148 m near the saltworks re vealed five
lay ers of rock salt, two of which were ~10 m thick. Savi planned
a geognostic cam paign (1852–1857) to study the ex ten sion and 
char ac ter is tics of the salt de posit, which in cluded the drill ing
and sam pling of 7 bore holes (Fig. 4), up to 60 m deep. Due to
the low pro duc tion of brine in the dry sea son, and the grow ing
num ber of infill wells drilled in the area that in creased cap i tal ex -
penses, Savi pro posed to cen tral ize brine pro duc tion by a sys -
tem of hor i zon tal tun nels that would con nect the ex ist ing wells
into a sin gle pro duc tion well, used to feed the whole in dus trial
com plex. The pro ject was never re al ized for eco nomic rea sons. 
Shortly af ter wards, the min ing en gi neer Augusto Schnei der
was com mis sioned to draw up a pro ject for a pos si ble salt mine, 
but the ven ture was not fol lowed up due to the high fi nan cial
risks, which made the tra di tional method eco nom i cally pref er a -
ble (Savi, 1862).

Af ter the uni fi ca tion of It aly (1861) the saltworks of Volterra
be came the prop erty of the new born Ital ian state. In the early
20th cen tury, Sol vay in tro duced so lu tion min ing meth ods (sin -
gle or mul ti ple in jec tion and pro duc tion wells), more ef fi cient for
large scale salt pro duc tion, al though de mand ing as re gards
fresh wa ter sup ply (Moncada, 1940). In Au gust 1944 the
saltworks were to tally de stroyed by the Ger man army. Af ter the
war, die sel fuel re placed wood as fuel for fur naces. Since the
end of Ital ian state mo nop oly (1974), the Volterra plants have
been pro gres sively pri vat ized.

SOLVAY AND THE CHEMICAL PLANT OF ROSIGNANO MARITTIMO

In mod ern times, salt pro duc tion was, and still is, as so ci ated 
with the 19th cen tury de vel op ment of the chem i cal in dus try for
the pro duc tion of so dium car bon ate (or soda, Na2CO3). In the
early years, soda was pro duced us ing the Leblanc pro cess and
later by the Sol vay pro cess. In 1913 Er nest Sol vay chose
Rosignano, a small coastal town of cen tral Tuscany, as the
most suit able lo ca tion to build a soda plant. The rea son for this
choice was at least three fold: the rock salt de pos its of Volterra
(35 km); the lime stone quar ries of Acquabona (4.5 km); and the
rail road head ing to the port of Leg horn (25 km). The coastal rail -
way line Livorno (Leg horn)-Vada-Cecina was in au gu rated in
1910, which di rectly con nected Rome to Leg horn and Pisa.

In 1911 Sol vay ob tained a li cense from the State Mo nop oly,
Min is try of Fi nances to carry out geo log i cal and min ing sur veys
near Volterra and Rosignano, and in 1912 he com mis sioned
tech ni cal as sess ments of the above lime stone quar ries
(Ministero dell’Agricoltura, 1915). Both ac tiv i ties gave sat is fac -
tory re sults, and the Rosignano plant con struc tion be gan in
1913. A year later, a 4400 m long cableway was in stalled to
con nect the plant with the lime stone quarry. In 1913 the drill ing
of wells for so lu tion min ing be gan near Ponte Ginori, a de cade
later ex tended to the Volterra saltworks. In 1918 the first brine
was pumped to Rosignano through a 30 km cast iron pipe line,
which was then ex tended by an other 10 km a few years later
(Cheli and Luzzati, 2010).
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Fig. 4. Strati graphic pro files and lo ca tion of the bore holes de signed and stud ied by Paolo Savi in Sa line di Volterra dur ing his
geognostic cam paign of 1852–1857 (Savi, 1862)



Sol vay de cided to pro duce the brine from drilled wells by ap -
ply ing the re cently de vel oped so lu tion min ing meth ods, that is
pump ing fresh wa ter un der pres sure into salt lay ers through in -
jec tion and pro duc tion wells drilled at depths rang ing from 100
to 200 m. Sol vay used mul ti ple well tech nol ogy, im ple mented
by drill ing wells in stag gered lines spaced 30 to 50 m apart, a
method still used to day. In 2018, salt pro duc tion in this area was 
~1.5 mil lion tons, which also re quired the avail abil ity of over 6
mil lion m3 of fresh wa ter. It has long been known that known
that so lu tion min ing in duces de for ma tion of the ground sur face.
Here, sink holes are the clear est ev i dence of this min ing ac tiv ity
(Fig. 5). This stim u lated the draw ing up of spe cific guide lines for 
the de sign, mon i tor ing and en vi ron men tal con trol of the min ing
op er a tions, aimed at land man age ment, ter ri to rial and in dus trial 
safety, and land scape pro tec tion pol i cies.

In the Rosignano plant the brine, once pu ri fied, is used to
pre pare many chem i cal prod ucts, ob tained both by the Sol vay
pro cess (soda, cal cium chlo ride, etc.) and the chloralkali pro -
cess (chlo rine, so dium hy drox ide, etc.). The solid wastes re sult -
ing from soda pro duc tion (fine-grained lime stone mixed with
gyp sum, sand and clay) have long been re leased into the sea
along the nearby coastal area. Over the years, this has caused
the for ma tion of al most 5 km of “white beaches”, clearly vis i ble
also from sat el lite im ages, and some times ques tioned as re -
gards en vi ron men tal im pacts on the lo cal tour ist area.

SALT PRODUCTION IN CALABRIA

ALTOMONTE-LUNGRO, THE LONGEST-LIVED UNDERGROUND SALT
MINE IN ITALY

The Altomonte-Lungro mine has been doc u mented since
the Mid dle Ages, with al most con tin u ous op er a tions up to 1978. 
It is quite likely that salt pro duc tion from open pit or near-sur face 
ex ca va tion dates back to the Greek and Ro man civ i li za tion of

the area, or even to pre his tory. Dur ing the Mid dle Ages, min ing
meth ods were aimed at ob tain ing max i mum profit. This mine,
rather than be ing ra tio nally de vel oped by hor i zon tal lev els, was
deep ened ver ti cally, fol low ing the wind ing path of the salt lay ers
of higher qual ity. In ev i ta bly, this soon caused prob lems of rock
in sta bil ity, scarce ven ti la tion and wa ter in fil tra tion, that char ac -
ter ized this mine up to its aban don ment (1978).

Af ter the Na po le onic in va sion of the King dom of Na ples
(1806–1815), the mod ern iz ing spirit of the new rul ers (Jo seph
Bonaparte and later Joachim Murat) was aimed at re or ga niz ing
the rigid ad min is tra tion of the an cient feu dal king dom, try ing to
erad i cate feu dal ism, and sup press ing most of the rights and
priv i leges of the old no bil ity. Mines were na tion al ized, and the
min eral re sources of Calabria aroused the in ter est of the
French gov ern ment, due to po ten tial ad van tages for mil i tary
needs and for the state econ omy. Ex perts from ac a de mia, mil i -
tary and tech ni cal Corps were soon en gaged in tech ni cal as -
sess ments and site in spec tions, and most of the min eral sam -
ples col lected in Calabria were an a lyzed at the Real Istituto di
incoraggiamento alle scienze naturali (Royal In sti tute of Nat u ral
Sci ences, Na ples), which ex pressed very pos i tive opin ions and
high lighted that min eral re sources were gen er ally under exploi -
ted and poorly val ued, in part due to a com plete lack of geo log i -
cal knowl edge of the area (Marcelli, 2006).

Con cern ing rock salt pro duc tion, the nat u ral ist and ge ol o -
gist Giuseppe Melograni (1750–1827) pub lished a de tailed re -
port of his field trip of 1811, rich in geo log i cal and geo graph ical
ob ser va tions, tech ni cal de scrip tions, sur veys and prac ti cal rec -
om men da tions for mod ern and ra tio nal min ing ac tiv ity
(Melograni, 1822). Again in 1811, Mar quis Giuseppe de Turris,
an ad min is tra tor very close to Murat, com mis sioned Pietro Pulli, 
In spec tor Gen eral of the am mu ni tion, gun pow der and salt pe ter 
pro duc tion of the King dom of Na ples, to pro vide in for ma tion on
the eco nomic and so cial con di tions of the Altomonte-Lungro
salt mine (Pulli, 1813, 1817).
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Fig. 5. Sat el lite view show ing the en vi ron men tal foot print of part of the sa line di Volterra ac tive con ces sion for so lu tion min ing.
Here is vis i ble the dense net work of ac cess roads to well clus ters, roughly aligned and spaced ~30 to 50 m from each other. Con -
trolled ground de for ma tion is pres ent around the wells, al though sev eral small sink holes are vis i ble (dark cir cu lar spots;
https://maps.app.goo.gl/Q4qXBS4SoXqGYTBA8)



In the early 1800’s, the salt mass of Altomonte-Lungro was
mined by large cham bers and ir reg u lar tun nels, form ing 3 to 4
su per im posed lev els. Rock and salt ex ca va tion were per formed 
by hand with pick axes, as well as salt trans por ta tion to the sur -
face, by means of bags car ried on the backs of the min ers, up to 
40 kg per bag. Ac cess to the un der ground was granted via a
sin gle in clined tun nel, by more than 1000 steps cut in the salt
mass. Melograni also vis ited the Altomonte-Lungro mine in
1814, and pro posed car ry ing out wall and roof re in force ments in 
var i ous sec tions of the tun nels, wid en ing the crit i cal un der -
ground pas sages, as well as ra tio nal iz ing rock cut ting to cor re -
spond with the salt mass un der ex ploi ta tion and im prove safety
for the work ers. He also pro posed the ex ca va tion of a ver ti cal
shaft, con nected to a hor i zon tal pas sage way to fa cil i tate ven ti -
la tion and wa ter drain age (Melograni, 1822). He drew a mod ern 
top o graph i cal sketch of the mine, al though lim ited to the ac cess 
tun nel and with out in di cat ing the sur vey meth ods. From a his -
tor i cal and car to graphic stand point, this doc u ment is among the 
first ra tio nal planimetric rep re sen ta tions of an Ital ian min ing site, 
ap par ently based on in stru men tal mea sure ments of an gles and 
dis tances (Fig. 6).

The tech ni cal im prove ments pro posed by Melograni were
not ap proved. A few years later, Thomas Hal lam, an Eng lish en -
tre pre neur owner of nu mer ous steam spin ning mills for silk pro -
duc tion in Villa San Giovanni (prov ince of Reggio di Calabria),
was called to in spect the mine. He mod i fied Melograni’s pro ject, 
down siz ing it, es pe cially in the ver ti cal shaft and drain age tun -
nel con fig u ra tion, but this pro ject was also not ap proved. Only in 
1823 did In spec tor Gabriele Lamannis re ceive ap proval, and so 
the Royal Corps of en gi neers was en trusted to per form de tailed
ex ter nal top o graph i cal sur veys to de sign and plan the ex ca va -
tion of the ver ti cal shaft.

Gregorio Galli, of fi cial of the Royal Corps of En gi neers
(Real Corpo del Genio) and na tive to Calabria, was sent to
Lungro in Jan u ary 1825. He wrote a de tailed re port of the in ter -
nal and ex ter nal ge om e try of the mine (Galli, 1828). His re port
in cludes ac cu rate lev el ing, num ber ing and mea sure ment of the
main key points, ref er enced on a new map (Fig. 7). He also car -
ried out a sur vey of the mine on the ver ti cal plane, and drew a
de tailed cross-sec tion (Fig. 8). The lev el ing was nec es sary to
plan and de sign the shaft to cross an ex ist ing tun nel, mid way to
the deep est point of the mine, in or der to im prove ven ti la tion.
How ever, wa ter drain age prob lems would not have been fully
re solved, since the deeper hor i zon tal pas sage way con struc tion 
was not ap proved.

Af ter one month of top o graphic mea sure ments and sur -
veys, on 5 March 1825 the ex ca va tion of the shaft be gan. Galli
also sup ported the mine di rec tor dur ing its con struc tion: he
knew the boisage per du tech nique de scribed by Delius (1778),
and prob a bly the shaft much re sem bled this con fig u ra tion
(Fig. 9). The shaft had a square sec tion 2 m wide; ven ti la tion
was achieved with an ex ter nal dou ble-box bel lows. The shaft
reached pre cisely the pro grammed point, the roof of the
Sopracielo cham ber, on 13 Sep tem ber 1827, at a depth of 300
Ne a pol i tan palms (80 m). The ex ca va tion work lasted 2 years
and 6 months, less than 10 cm per day of ex ca va tion rate. Dur -
ing the con struc tion, a stair way with wood lad ders and an ex ter -
nal man ual winch was in stalled to lift the de bris with can vas
bags. This shaft was then known as “Galli’s shaft”. Un for tu -
nately, in the next 50 years it was used only for ven ti la tion: in
fact, the winch and the stair way, use ful as an al ter na tive safety
pas sage to the un der ground works, were re moved soon af ter
its con struc tion (Sole, 1981).
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Fig. 6. Geo met ri cal sur vey (hor i zon tal plane) of the un der ground works of the salt mine of
Altomonte-Lungro, made in 1811–1814 (Melograni, 1822;

https://www.biodiversitylibrary.org/item/35424#page/390/mode/1up)
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Fig. 7. Ge om e try (hor i zon tal plane) of the un der ground works of the Altomonte-Lungro salt mine; 
sur vey per formed in 1824; the colours in di cate the dif fer ent lev els of the mine (Galli, 1828)

Fig. 8. Ge om e try (ver ti cal cross-sec tion) of the un der ground works of the of the Altomonte-Lungro salt mine; 
sur vey per formed in 1824 (Galli, 1828)



In the mid-19th cen tury, the mine, with its four pro duc tion
lev els, a ven ti la tion shaft and a large but messy tun nel ing net -
work, was the most im por tant in dus trial en ter prise and the
great est con cen tra tion of work ers in Calabria, with over 400
min ers plus tech ni cal and ad min is tra tive staff, and re lated in -
dus tries, a num ber com pa ra ble only to the steam spin ning mills
of Villa San Giovanni. The rev o lu tion ary move ments of 1848
also reached Calabria, and led to more or less vi o lent oc cu pa -
tions of croplands and to lo cal ri ots against taxes. In May 1848
the ex treme pov erty pushed the la bor ers to also oc cupy the
Lungro mine, to ex ploit it in de pend ently. Only mil i tary force put
an end to the oc cu pa tion (Basile, 1960).

In 1879 Torquato Taramelli (1845–1922), pro fes sor of min -
er al ogy and ge ol ogy at the Uni ver sity of Pavia, was on a field
trip to Calabria. He vis ited Lungro al most by chance and very
quickly, re port ing strati graphic and palaeontological ob ser va -
tions of the sur round ing for ma tions, both still largely un known at 
the time. How ever, his re port con tains also first-hand de scrip -
tions of the work ing con di tions he saw in side the mine. The min -
ers, “tire less and pa tient like ants, go up and down in dou ble row 
about 1500 steps, na ked, out of breath, pant ing, and go back up 
car ry ing at least 40 kg of salt on their backs… On the top of the
main shaft I saw a hoist, but it did not work. Back pack ing is
cheaper, and those peo ple do not earn more than a lira a day”
(Taramelli, 1880).

Af ter 1880, the mine di rec tor Giovanni Bellavite fur ther im -
proved the con di tions of the mine, which was about to be closed 
due to poor ven ti la tion. In 1883 he com pleted a new shaft 3 m in 
di am e ter and 120 m deep (out of the orig i nally planned 250 m),
which con nected most of the in ter nal lev els of the mine, solv ing
ven ti la tion prob lems. The shaft was also equipped with a steam
hoist, with a nom i nal in stalled power of 10 HP. He also pro -
moted the use of com pressed air un der ground. Only a de cade
ear lier, in 1871, the use of black pow der for tun nel ing had been
in tro duced, which on one hand re duced ex ca va tion times and
sig nif i cantly in creased pro duc tion, while on the other ag gra -
vated un der ground ven ti la tion prob lems once again (Bellavite,
1884).

At the be gin ning of 1900, the fi nal de cline of the mine be -
gan. The gov ern ment as sessed that sea salt pro duced in Sic ily
was cheaper than rock salt; at the time, the Ital ian gov ern ment
owned not less than 10 saltworks for the pro duc tion of sea salt.
Here, the “slow death” tech nique was used, i.e. ever-de creas -
ing mine ex ploi ta tion un til all the work ers re tired, with out lay offs
but with out hir ing. Min ers’ ac cess to the un der ground was
never solved: even in the 1970s, two out of eight work ing hours
of the daily shift were lost in go ing up and down, as there were
over 2000 steps to walk. Over all, in the Altomonte-Lungro mine, 
only ba sic min ing meth ods and poor de sign and plan ning were
adopted un til the end of the 20th cen tury, un til its fi nal aban don -
ment in 1978.

SOLUTION MINING AND ENVIRONMENTAL ISSUES AT 
TIMPA DEL SALTO MINE

In the last de cades of the 20th cen tury, so lu tion min ing
started also in the ter ri tory of Bel ve dere di Spinello (Timpa del
Salto mine), ~100 km south of Lungro. In this area, many salt
mines sur vived un til the first half of the 19th cen tury, when the
Bour bon ad min is tra tion de cided for their aban don ment be -
cause they were con sid ered fis cally un con trol la ble and no lon -
ger nec es sary for the needs of the King dom. The salt mines of
this area had been known and ex ploited since the Mid dle Ages
(“Salinella di Neto mine” near Altilia, “Basilico mine” near
Cerenzia and the nearby “Zinga mine”, etc.), still ex ist ing and
vis ited by Melograni (Melograni, 1822).

Min ing op er a tions re sumed only in 1967 when the “Timpa
del Salto” con ces sion was as signed to the then larg est Ital ian
min ing and chem i cal com pany (Montecatini Ed i son). The
Timpa del Salto mine started pro duc tion in 1969, adopt ing the
so lu tion min ing tech nique, with dou blets of wells, i.e., one well
for the in jec tion of fresh wa ter and one well for the pro duc tion of
brine. Each pair of wells were con nected by hy drau lic frac tur ing
at the bot tom of the salt layer. On av er age, the depth of the
wells was ~400 to 600 m, drilled through a salt mass over 200 m 
thick (Gisotti, 1992). The brine was trans ported with a 40 km
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Fig. 9. Scheme of shaft ex ca va tion and wall re in force ment by Delius’ boisage per du tech nique,
quoted by Galli (1828): the first mod ern shaft ex ca vated from 1825 to 1827 in the Altomonte-

Lungro mine prob a bly greatly re sem bled this con fig u ra tion (Delius, 1778)



pipe line to the Cirà Ma rina pu ri fi ca tion plant. High-pu rity salt
pro duc tion (99.96% NaCl) was about one mil lion tons per year,
and it was pri mar ily used for feed ing the chloralkali pro cess at
Marghera Plant, near Ven ice, owned by the same com pany. In -
deed, the Cirà Ma rina plant in cluded an off shore load ing fa cil ity
(a mas sive pipe line laid on a ded i cated jetty, both re cently dis -
man tled) for ship ping salt on com mer cial ships.

Salt pro duc tion in the north ern area of the Timpa del Salto
mine con tin ued un til 1984, cre at ing a num ber of un der ground
voids filled with brine. With this method, when the dis so lu tion
reaches the top of the salt layer, the over ly ing rocks nor mally
col lapse, de vel op ing a sink hole, whose se ver ity and time evo lu -
tion de pends on the me chan i cal char ac ter is tics of the de pos its,
the size of the un der ground voids and the rock thick ness above. 
Such method was re vealed as un safe and in ad e quate for this
site. A first sink hole reached the sur face in 1983, with very mi -
nor dam age due to the small vol ume of brine in volved. One
year later a very large sink hole (50 ´ 120 m) and a trig gered
land slide col lapsed on 25 April 1984, caus ing a large flood of
brine to the sur face, es ti mated at about 100,000 m3 (Fig. 10).
The brine in vaded the sur round ing ir ri ga tion ca nals and pol -
luted 150 hect ares of ol ive and cit rus groves. A month be fore
the event, mac ro scopic cracks and fis sures had ap peared on
the ground, which were not re lated to the un der ground voids in -
duced in the mine. A to tal of five sink holes reached the top o -
graphic sur face (Roda and Martelli, 2006).

Three years af ter the min ing ac ci dent, not with stand ing en vi -
ron men tal is sues and the fierce op po si tion of the lo cal stake -
holders, the Ital ian ad min is tra tion au tho rized the con tin u a tion of 
the min ing op er a tions, im pos ing the aban don ment of the north -
ern area, the adop tion of sin gle wells with a dou ble pipe tech -
nique (an outer pipe for fresh wa ter in jec tion and an in ner pipe

for brine pro duc tion), but only in the south ern area of the mine,
and the adop tion of a mon i tor ing net work for the con trol of
ground de for ma tion. How ever, fur ther as sess ments of the del i -
cate en vi ron men tal is sues led to the grad ual in ter rup tion of the
ac tiv i ties of both the Timpa del Salto mine and the re fin ing plant
in Cirà Ma rina, that ended pro duc tion in 2009.

SALT MINING IN SICILY

SALT (AND SULPHUR) IN THE 19TH CENTURY

Salt and sul phur in Sic ily have been mined since im me mo -
rial times. Con cern ing sul phur min ing, not dis cussed in this pa -
per, ex tremely com plex so cial, po lit i cal, tech no log i cal and eco -
nomic is sues char ac ter ized min ing in the 18th and 19th cen tury
in south ern It aly (king dom of Na ples, that in cluded Sic ily, which
in 1816 merged into the king dom of the Two Sicilies). The 1919
re port of the Corps of mines states: “The num ber of mines ex ist -
ing in Sic ily amount to over 1300, of which 1274 are sul phur
mines. Since most of them are of very lim ited im por tance, or in
such con di tions that they can not be mined prof it ably, it was
deemed ap pro pri ate to in di cate in this list only those which are
pre sumed sus cep ti ble to long and use ful ex ploi ta tion”
(Ministero dell’Agricoltura, 1921).

The pro lif er a tion of sul phur mines in Sic ily was largely due
to the ju rid i cal prin ci ple of land own er ship con firmed by
Ferdinand of Bour bon (Law no. 46 on the ex plo ra tion and ex ca -
va tion of the king dom’s mines, Na ples, 17 Oc to ber 1826) which
es sen tially left a free hand to the land own ers of large es tates,
through the ex ten sion of own er ship to the sub soil. More over,
very close links ex isted be tween the sul phur in dus try and the
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Fig. 10. Timpa del Salto mine: sink hole no. 1, col lapsed in April 1984 (Gisotti, 1992)



ag ri cul tural sec tor, in which ce re als and sul phur were the ex -
pres sion of the same eco nomic sys tem, nour ished by com mon
net works of com mer cial ex changes and so cial re la tions, by the
same mod els of pro duc tion and work or ga ni za tion and by sim i -
lar con trac tual pro ce dures. The po lit i cal sys tem that un der -
pinned the or ga ni za tion of croplands and mines ma te ri al ized in
the iden ti fi ca tion of the “Prince of wheat” as the owner of the sul -
phur mines.

How ever, the Si cil ian sul phur in dus try of the late 19th and
early 20th cen tury man aged to play an im por tant eco nomic role, 
not only lo cally, but also on a global scale. The first Ital ian tech -
ni cal in sti tute for min ing was founded in Caltanissetta in 1862 by 
Sebastiano Mottura (1831–1897); here su per in ten dents and
spe cial ists were trained to in crease the tech ni cal level of lo cal
mines. In the first de cade of 1900 Sic ily held the sul phur mo -
nop oly, with a pro duc tion of over 90% of the world’s sul phur
mar ket, mainly used by the chem i cal in dus try for the pro duc tion
of sulphuric acid (H2SO4). From a pro duc tion of a few thou sand
tons at the be gin ning of the 19th cen tury, with around 500
mines, it rose to over half a mil lion tons at the end of 1800, with
around 1000 ac tive mines and 40,000 em ploy ees (Squarzina,
1963; Barone, 2002). In 1894, the Ger man-born Amer i can
chem ist Herman Frasch suc cess fully tested a new method to
pro duce sul phur in Lou i si ana, by drill ing wells for in ject ing
super heated wa ter into un der ground de pos its to melt the sul -
phur, and lift ing the mix ture of liq uid sul phur and wa ter to the
sur face by means of com pressed air. This pro cess elim i nated
all the dan ger ous and ex pen sive un der ground min ing op er a -
tions and in ef fi cient and pol lut ing sur face re fin ing pro cesses.
More over, from the early 20th cen tury, py rite pro duc tion (mainly 
from Tuscany) grad u ally re placed sul phur as a raw ma te rial for
the pro duc tion of sulphuric acid. Af ter WW2, tra di tional sul phur
min ing lost its pre dom i nant role in the sup ply chain of this com -
mod ity, and all Ital ian sul phur mines ceased their ac tiv ity be -
tween 1960 and 1980.

As far as rock salt is con cerned, along side its geo log i cal his -
tory in com mon with that of sul phur, there is a fun da men tal as -
pect that dis tin guishes the min ing of this com mod ity. In Sic ily,
the ex ca va tion of rock salt was al lowed for ev ery one for their
own use, upon au tho ri za tion of the land owner, and no tax was
im posed on this salt. This prin ci ple also ap plied to the coastal
salt pans: “Con trary to the rest of the king dom of It aly, in Sic ily
there is no le gal re stric tion re gard ing the pro duc tion and trade of 
salt” (Jer vis, 1881). It is worth re call ing that salt tax is one of the
old est tax lev ies. Since an cient times, State mo nop o lies de vel -
oped with the aim of con trol ling prices, reg u lat ing the rev e nues
of in ter me di ar ies and sub ject ing them to tax a tion. In an cient
Rome, salt was such a pre cious com mod ity that sol diers were
paid with it, hence the term “sal ary”, still used to day. Af ter Ital ian 
uni fi ca tion (1861), the law 1862/710 on the mo nop oly of salt
(and to bacco) es tab lished a new tar iff on the price of salt and to -
bacco, con ceived as an in di rect tax on con sump tion. A few
years later, the law 1865/2397 es tab lished that the pro duc tion,
stor age and trade of salt was an ex clu sive right of the State mo -
nop oly, whose ad min is tra tion also man aged salt ex trac tion
sites and su per vised the re lated in dus trial and trad ing fa cil i ties.
This was valid only in the ter ri tory sub ject to the mo nop oly, i.e.,
all of It aly with the ex cep tion of Sic ily and Sar dinia (Moncada,
1940).

There fore, af ter 1861 the salt mines of Sic ily were again not
sub jected to a State mo nop oly, sim i larly to the pre vi ous Bour -
bon ad min is tra tion. In this pe riod, rock salt was mined and pro -
duced only for lo cal uses, and at many sites. Wil liam Paget Jer -
vis (1832–1906), a Brit ish min ing en gi neer and nat u ral ized Ital -
ian listed and de scribed more than ten of fi cial mines, most of
them un der ground, al though at shal low depths (Jer vis, 1881).
He cited three mines in the ter ri tory of Racalmuto (Pantanelli,
Giona and Sacchitello), in which black pow der was nec es sary

for tun nel ling through very hard mas sive rock salt, and the
Petralia Soprana mine, likely the first large un der ground rock
salt mine in Sic ily, with its ded i cated in clined min ing tun nel to
ac cess the un der ground. A few de cades later, many of the de -
pos its in di cated above would prove to be very im por tant, but still 
underexploited; in early 1900 most of the rock salt pro duc tion
came from the mines of Racalmuto and Cammarata. From
1870 to 2019 the of fi cial re cords of the Ital ian Corps of mines
and of the Re gional of fices re ported 55 un der ground min ing
con ces sions for the pro duc tion of rock salt and pot ash in Sic ily.
Here, the sys tem of pub lic own er ship of the sub soil came into
full force only af ter Royal De cree no. 1443 of 1927. Be fore this
date (Ministero dell’Agricoltura, 1921), about 15 salt mines had
been op er ated by right of own er ship, and were sub ject to con -
ces sion only af ter 1927.

MODERN UNDERGROUND SALT MINING

In 1960 in Sic ily there were 36 ac tive con ces sions for salt
min ing. In the fol low ing de cades this num ber de creased due to
a com plete re or ga ni za tion of the sec tor. To day, three large un -
der ground mines are ac tive (Realmonte, Racalmuto and
Petralia) and op er ated by Italkali with state-of-the art tech nol -
ogy. Com mon fea tures of these mines are: a) ac cess to the un -
der ground by large-sec tion truck-ac ces si ble ramps; b) adop tion 
of room-and-pil lar min ing tech nol ogy; c) com pletely mech a -
nized salt pro duc tion; d) food-grade rock salt pro duced by con -
tin u ous min ers, i.e., spe cial min ing ma chines driven by elec tric
mo tors to avoid salt con tam i na tion; e) use of dump ers with
stain less steel dump boxes; f) rock salt crush ing, op ti cal sort ing
(if nec es sary), grind ing and screen ing per formed in un der -
ground fa cil i ties.

The Realmonte mine pro duces over 1.5 mil lion tons of salt
per year; so far, it fea tures more than 70 km of truck-ac ces si ble
tun nels. In side, a salt ca the dral ac ces si ble by bus down to a
depth of ~100 m was ex ca vated in the 1980s, which can ac -
com mo date up to 800 peo ple and con tains sev eral works of art
carved in salt (Fig. 11). The Realmonte de posit con tains sig nif i -
cant re serves of kainite and car nal lite ex ploited in re cent de -
cades, but now (2024) on hold.

The Racalmuto mine pro duces ~0.2 mil lion tons per year;
so far, it fea tures more than 60 km of truck-ac ces si ble tun nels,
down to a depth of ~100 m. It pro duces both food-grade and in -
dus trial-grade salt (Fig. 12).

The Petralia mine pro duces over 0.7 mil lion tons per year;
so far, it fea tures more than 50 km of truck-ac ces si ble tun nels
and 9 un der ground lev els down to 400 m be low the sur face.
Here, the en tire chain of food-grade salt pro duc tion is car ried
out un der ground, with out any ma nip u la tion or chem i cal treat -
ment. The salt is trans ported to the sur face al ready pack aged
and ready for the fi nal mar ket (Fig. 13).

Nu mer ous geo log i cal ex plo ra tion cam paigns were car ried
out in Sic ily in the sec ond half of the 20th cen tury, ob tain ing in -
creas ing de tail on min eral re sources (rock salt, sul phur, oil and
gas, etc.) thanks in part to the new tools of geo phys ics and
deep drill ing. This ex plo ra tion also high lighted the pres ence of
pot ash de pos its, as so ci ated and interbedded with the rock salt,
some of which are char ac ter ized by a suf fi cient vol ume to jus tify 
eco nomic ex ploi ta tion. Be fore 1970, at least seven pot ash de -
pos its were iden ti fied (Castaldo and Stampanoni, 1975). The
most im por tant one was ex ploited by the Pasquasia mine, first
li censed for sul phur (1919 to 1931) and then for pot ash (1959 to 
1992). Ini tially, the mine ex ploited a layer of sylvite (KCl·NaCl)
and car nal lite (KCl·MgCl2·6H2O) and later the deeper lay ers of
kainite (MgSO4·KCl·3H2O). The pro duc tion of kainite peaked
~1.35 mil lion tons per year in 1988, and the mine was equipped
with the nec es sary min eral pro cess ing fa cil i ties (kainite se lec -
tive flo ta tion, po tas sium sulphate pro duc tion, etc.).
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Fig. 11. Realmonte mine: the un der ground rock-salt ca the dral (photo cred its: Paolo Macini)

Fig. 12. Racalmuto mine: typ i cal truck-ac ces si ble tun nel (https://italkali.com/photo-gal lery/)



Pasquasia was one of the most mod ern Ital ian mines of the
time, and used state-of-the-art min ing tech nol ogy: con tin u ous
min ers, drill ing ma chines, front load ers, dump ers, au to matic
con veyor belts, etc. The mine adopted a ra tio nal room-and-pil -
lar min ing sys tem; a helicoidal ramp 1800 m long con nected the 
un der ground lev els to the sur face. Four ven ti la tion and ex trac -
tion large di am e ter shafts (6 m) were also con structed, the
deep est of which reached a depth of ~1000 m.

CONCLUSIONS

The mod ern Ital ian min ing ac tiv ity, be fore and af ter the In -
dus trial Rev o lu tion, en com passed the ex ploi ta tion of a large
num ber of small min eral de pos its. How ever, in some cases, es -
pe cially in the rock salt pro duc tion sec tor, min ing was sig nif i cant 
not only for the tem po ral con ti nu ity of min ing op er a tions, some -
times dat ing back to Etrus can or even pre his toric times, but also 
for the so cial re la tion ships of the nearby pop u la tion and the de -
vel op ment of par tic u lar tax a tion re gimes and spe cific ad min is -
tra tive, pro duc tion and trad ing sys tems. A co ex is tence of ex -
tremely com plex so cial, po lit i cal, tech no log i cal, and eco nomic
is sues char ac ter ized salt min ing, such as workforce or ga ni za -
tion (em ploy ment vs. mi gra tion), long-de bated child la bour is -
sues, salt mo nop oly, sal ary con di tions, feu dal priv i leges, safety
of un der ground work ing con di tions, trade un ion strug gles, etc.

In It aly, at the end of the 15th cen tury, most of the Ital ian
met al lif er ous mines were aban doned, and the coun try re -
mained sub stan tially poorly ex ploited un til the first half of the
19th cen tury, when in ten sive min ing ac tiv ity re sumed in
Tuscany, Sic ily, Sar dinia and Romagna, es pe cially af ter the
uni fi ca tion of It aly, and as a con se quence too of the need for
new ma te ri als, met als and en ergy for the new born state.

Our pa per out lines the his tor i cal de vel op ment of the most
im por tant Ital ian rock salt pro duc tion sites and the evo lu tion of
geo log i cal knowl edge and min ing tech nol o gies used in dif fer ent 
geo graph ical con texts. Ex ploited since an tiq uity as an in dis -
pens able com mod ity for daily life, salt pro duc tion in It aly greatly
in creased in the late 19th and early 20th cen tury, due to the
grow ing de mand for salt (NaCl, so dium chlo ride) for the chem i -
cal in dus try, pri mar ily as a raw ma te rial for pro duc ing soda
(Na2CO3, so dium car bon ate), chlo rine and other chem i cals. At
pres ent, the pro duc tion of salt in It aly (from food-grade to in dus -
trial-grade), in clude a few coastal salt pans, one so lu tion min ing 
site in Tuscany (Sa line di Volterra) and three un der ground
mines in Sic ily (Realmonte, Racalmuto and Petralia).

Ac knowl edge ments. We would like to ac knowl edge the
time and ef fort de voted by the re view ers, Prof. G. Czapowski
and Dr. M. Pantaloni. They pro vided con struc tive crit i cism, in -
sight ful com ments and valu able sug ges tions to im prove the
qual ity of the manu script. We have in cor po rated all rec om men -
da tions high lighted by the re view ers.
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