
The Northern Apennine ophiolites crop out in different
stratigraphic settings. The petrological and geochemical fea-
tures of the mantle-gabbro association are well known for
the ophiolites of the Internal Liguride Units (Rampone et
al., 1998). The mantle ultramafics are mainly clinopyrox-
ene-poor plagioclase-bearing lherzolites, residual after the
extraction in Permian times of MORB-type liquids, which
were intruded in Middle Jurassic times by N-MORB-type
gabbros. The mantle ultramafics of the ophiolites from the
External Liguride Units dominantly consist of rather fertile
plagioclase-bearing lherzolites with pyroxenite bands (Ram-
pone et al., 1995), and they are considered as slices of sub-
continental mantle, probably accreted to the lithosphere in
the Proterozoic. Little is known about the rare gabbroic
rocks from the External Liguride ophiolites, as well as about
the mantle ultramafics from the ophiolites which crop out in
Southern Tuscany. In this work, we have carried out trace-
element and Nd-Sr isotopic investigations of i) the gabbro-
peridotite association from Southern Tuscany ophiolites
(Lanciaia Unit), and ii) the gabbroic rocks from the External
Liguride ophiolites. This has allowed us to depict a com-
plete overview of the gabbro-peridotite association of the
Northern Apennine ophiolites.

The gabbroic rocks from the different Units contain
clinopyroxenes with similar trace element compositions,
that yield N-MORB equilibrium liquids. Moreover,
clinopyroxenes show marked trace element zonings, simi-
larly to what was observed for the gabbroic rocks from
ODP Leg 153 in the MARK area (Ross and Elthon, 1997),
most likely related to the entrapment of interstitial liquid
(Tribuzio et al., 1999). The gabbroic rocks considered in
this study give Sm/Nd mineral isochron ages ranging from
179 to 170 Ma, interpreted to date the primary magmatic
crystallization. These ages are significantly older than those
recently found (163 ± 2 to 166 ± 2 Ma) on the basis of U/Pb
and Ar/Ar geochronological determinations on zircons and
amphiboles for the gabbroic rocks of the Western Alps
ophiolites (Bill et al., 1997; Rubatto et al., 1998). 87Sr/86Sr
of clinopyroxenes and initial εNd (8.5 to 8.9) are consistent
with a formation from N-MORB. The gabbroic rocks from
Internal Liguride ophiolites and the basalts (Rampone et al.,
1998) from both Internal and External Liguride ophiolites
show closely similar initial εNd. The incompatible trace el-
ement compositions of basalts from the different Units re-
semble those calculated for the parental liquids of the gab-
broic rocks.

The studied peridotites from Southern Tuscany ophiolites
are porphyroclastic spinel-lherzolites. These rocks have a
residual geochemical fingerprint, as shown by the marked
depletion in incompatible trace elements of clinopyroxenes,

similarly to what was observed for the Internal Liguride
lherzolites. The clinopyroxenes from the southern Tuscany
lherzolites indeed have slightly lower Sm/Nd values and
slightly higher Sr contents than those from the Internal Lig-
uride lherzolites. Major element mineral compositions of
Southern Tuscany lherzolites yield relatively low-tempera-
ture estimates for the spinel-facies equilibration (ca. 1000
°C), similarly to those found for the External Liguride lher-
zolites. On the other hand, the latter rocks cleary differ from
the Southern Tuscany lherzolites in the occurrence of acces-
sory Ti-rich amphibole and in the fact that clinopyroxenes
have markedly higher concentrations of incompatible trace
elements.

Nd and Sr isotopic compositions of clinopyroxenes from
the Southern Tuscany lherzolites calculated at 170 Ma are
respectively higher (εNd ca. 11.0) and lower than those of
associated gabbros. Therefore, there is not a genetic melt-
residue relationship for this gabbro-peridotite association, as
inferred by Rampone et al. (1998) for the Internal Liguride
ophiolites. The clinopyroxenes from the External Liguride
lherzolites are characterized by markedly heterogeneous Nd
and Sr isotopic compositions, coupled with a relatively con-
stant Sm/Nd value (Rampone et al., 1995). Similar geo-
chemical relations have been also observed for the Lanzo
lherzolitic massif in the Western Alps (Bodinier et al.,
1991). In the External Liguride Units, the clinopyroxenes
from the Monte Nero lherzolite body, which is locally in-
truded by gabbroic to basaltic dykes, display Nd and Sr iso-
topic compositions that are consistent with those of ana-
lyzed gabbroic rocks.

As a whole, the ophiolites of the Northern Apennine/West-
ern Alps system are characterized by a homogeneous compo-
sition of the gabbroic complex and by a marked heterogeneity
of the associated mantle section. The compositional spread of
the mantle lherzolites can be related to two major events: 1)
partial melting at 300-270 Ma, in relation to the post-Variscan
extensional regime; 2) partial re-equilibration with N-MORB
liquids derived from deeper astenospheric sources at 180-160
Ma.
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