
INTRODUCTION

Sulfide deposits located in the Northern Apennine of
Italy have been known as a workable source of copper since
3500 BC, thus providing evidence for the earliest copper ex-
ploitation in Western Europe (Maggi and Pearce, 2005). Be-
tween the Middle Age and the 18th century, copper was ex-
tracted cyclically, becoming a major commodity only in the
Industrial Era. From 1850 to 1910, several new deposits
were discovered and intensively mined in eastern Liguria,
yielding more than 1.5 Mt of ore with an average grade of
2-7% Cu. After a short period of decline, mining activities
started again during “Autarky” (1936) and lasted until the
early seventies, when the mines at Libiola (eastern Liguria),
Vigonzano and Ferriere (Emilia Romagna) were definitively
closed (Moretti, 1937; Violi Guidetti, 1968; Galli and Pen-
co, 1996; Pipino, 2003).

The most important copper deposits are associated with
the Western Alps and Northern Apennine ophiolites (Fig.
1), which represent fragments of the sub-oceanic lithosphere
that floored the Liguria-Piedmont Tethys. This embryonic
ocean formed by divergence of the European and the Adri-
atic Plates in Jurassic times, and closed between Late Creta-
ceous and Early Eocene (see references in Piccardo et al.,
2002). Continental rifting in a slow-spreading regime initial-
ly caused intrusion of MORB-type gabbroic bodies into the
upper mantle (Tribuzio et al., 2000; 2004), and subsequently
evolved into ocean opening (Piccardo et al., 2002). Tectonic
denudation allowed the peridotite-gabbro basement to be
exposed and eroded on the ocean floor, before the outflow
of MORB-type pillow lava and the deposition of pelagic
sediments (Abbate et al., 1970; Cortesogno et al., 1975;
Bortolotti and Gianelli, 1976; Barrett, 1982; Lemoine et al.,

1987; Lagabrielle and Lemoine, 1997). Upper Jurassic radi-
olarian cherts with Mn deposits cover the volcanic rocks
(Bonatti et al., 1976; Marcucci and Passerini, 1991; Cabella
et al., 1998). Recession of the seafloor from the axial rifting
zone and the decrease of magma extrusion led to progres-
sive burial of the igneous-volcanic basement and cherts un-
der carbonatic-siliciclastic sediments (Palombini Shales and
Calpionella Limestones) in the Cretaceous, passing upward
to various types of arenaceous turbidites (Late Cretaceous to
Paleocene).

Ophiolites of the Northern Apennine differ from coeval
ophiolites of the Western Alps because of the common lack
of eclogite- and blueschist-facies orogenic metamorphism
(Dal Piaz, 1974a; 1974b; Sandrone et al., 1986). They gen-
erally display the effects of low-grade oceanic metamor-
phism and syn-orogenic deformation caused by north-east-
wards thrusting onto the Adria continental margin (Corte-
sogno et al., 1975). Basalts are spilitized to variable extents
(Capedri and Toscani, 2000 and references therein). The
highest degree of alteration is observed in the surroundings
of stockwork-vein bodies (see below) where the basalt is to-
tally transformed into a felt aggregate of spiky albite crys-
tals, with interstitial chlorite, epidote and Fe-Ti oxides (Zac-
carini and Garuti, 2008). Hydrothermal alteration of gabbros
produced a low temperature secondary assemblage consist-
ing of sericitized-saussuritized plagioclase, albite, tremolite,
chlorite and calcite (i.e., Montecreto ophiolite). Basalts,
gabbros and serpentinized peridotites of mantle origin from
eastern Liguria (away from areas with sulfide ore deposits)
are enriched in 18O, indicating isotopic exchange with nor-
mal seawater below 200°C, at or near the seafloor (Barrett
and Friedrichson, 1989). Palombini Shales from the sedi-
mentary cover in the same area (Colli-Tavarone and Bracco-
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ABSTRACT

Sulfur isotope analysis of sulfide minerals has been carried out for the first time on ore samples from Volcanic-associated Massive Sulfide (VMS) deposits
in Tethyan Jurassic ophiolites of the Northern Apennine. The average d34S value is +5.2‰ in pyrite (n. 22), +6.7‰ in chalcopyrite (n. 23), +6.1‰ in spha-
lerite (n. 9), and 4.6‰ in pyrrhotite (n. 2). The overall average d34S of +5.9‰ (n = 30, s = 3.7) is consistent with data from other sulfide deposits of the East-
ern Mediterranean Tethys, although the Apennine ores display a distinctive range from +11.4‰ to the negative field (min. -2.9). The highest d34S‰ values are
found in stockwork veins crosscutting basalt and gabbro, and in stratabound ores within basalt (av., +8.9‰). The d34S decreases in serpentinite-hosted stock-
work veins (av., +5.8‰) and in stratiform deposits lying on ancient seafloors (av., +2.5‰), in which the negative values were detected. Inorganic reduction of
seawater sulfate is assumed to be the primary source of sulfur in the deposits, with some exception however. The low d34S values of serpentinite-hosted veins
indicate mixing with sulfur derived from the leaching of magmatic sulfides (av., d34S = +0.8‰). The negative values detected in seafloor-stratiform ores cor-
relate with sulfide textures indicative of the activity of sulfate-reducing bacteria causing preferential fractionation of the light sulfur isotope. The sulfur isotope
variations observed in the Northern Apennine VMS deposits reflect the influence of the different environments of sulfide deposition (seafloor vs. sub-
seafloor) and different lithologies of the host rocks (basalt vs. serpentinite).
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