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K/Ar AGE DETERMINATlONS
ON SOME TETHYAN OPHIOLITES

MSTIACT. - 30 K/AI detenninations are presenred on 25 whole rock wnples and
;) mint:nLI oona::ntllltes from Corsican, Nonhtm Apennines and Calabrian oplUolites. 1be K/AI
age: of brown.green amphibole from a Corsican meraglbbro is 181.4 ± 6.0 m.y. confirming that
ocean cruSt accretion which gtnerated the major ophiolite complexes of the Western Alpine­
Apennine system has occurred since Early.Middle Jurassic time.

However most datings represent isotopic re~uilibration during tectonic-melamorphic
events after ophiolite generation.

1be Nonhtrn Apennine mtl.abasalrs and metagabbros give a Ltte Cretaceous .age (isochron
83 m.y.) considered 10 be rMquilibllltion age of the SUb-grttnSChiSI metamorphism which
llfIrned the Ligurian ophiolites during early orogcnic ph.asc:s.

Sin«' these lectonic·meumorphic event5 chronologically correspond 10 the HP-LT meta­
morphi~ of the Western Alp' it may be argued thlll the Ligurian ophiolites slices were
inV'(llved in the same westward (Europe.vergenr) compression phases which challlCtttized the
initial Slages of closure of the Westttn Tethyan basin.

Most data on Corsican ophiolites, and possibly also those on Calabria, indicate extensive
isotopic re-equilibration during Oligocene-Early Miocene times. This appears to be related to
the Apennine orogeny and lhe back folding of the Alpine chain, in connection with the
predominant tectonia characlerized by eastward (Africa·vergenl) thrusting.

RtASSUNI'O. - Vengono presentllte 30 determinazioni K/Ar su campioni di roccilI torale
e su minerali scpara.ti di ofioliti ddla Conica, dell'Appmnino settentrionale e dcI.la Calabrill.
L'elll K/AI dc1l'anfibolo bruno sepallllO da un metllg.l.bbro delle o6oliti dd1a Corsica C risu1tata
181,4 ± 6,0 m.),., confermando cbe i processi di IIccrescimenlO di crosta oceanica cbe originarono
i oomple:ssi ofiolitici del sistema 1I1pina-appenninioo si verificaronoll partiredalGiUf'll5Sioo media­
inferiore. Lt maggior parte delle datationi rlIppresc:ntano tuttllvill I'ell dei processi di riequi­
librio isotopico verificatisi dUrllnte eventi tettonico-metamorfici successivi alla creazione dei
complessi ofioHtici. L'eta Cretaceo superiore (isocrona di 83 m.y.) dei metabasalti e metag.abbri
ddl'Appennino settentrionale pub essere interpretllta come I'elll di riequilibrio del melatnQrfismo
di bcies sOsti verdi di grado molto basso che intercssO le o60liti Iiguri durante fllSi oIOflenicbe
prccoci. Dal momento cbe I'etl di questi eventi tettonico-lIlt:woortici ~ analoga a queIIa del
meumolfumo di alta pressione/bass.lI temperarura delle Alpi occidentali, si puO ipotizzsrc cbe
llDChe le ofioliti liguri Slano SUIte coinvolte ndle stessc fasi compressive a ve:rgenu occidentll1e
(Europa vergmti), cbe caratterizurono gli stadi iniziali di chiusun del bacino delta Tetide
accidenlale. La maUiorc parte dei dati sulle ofioliti dc:IIa Corsica e ddla Calabria indicano
estesi processi di riequilibrio iSOtopico in etl Oligocene-Miocene inferiore, oonnessi all'orogenesi
appenninica ed in relazione a fasi tettoniche a vergenza orientale (Africa vergenti).

Introduction

Rdiable grochronological data on the age of formation of and later tectonic*
mt:.tamorphic events affecting ophiolite complexes arc fundamental to a correct

* lstituto di Mineralogia, Universita di Napoli, Italia. ** lstiruto di Geologill, Universiti
di Milano, ItaHa. *** Departement de Mineralogie, Universite de Gen~ve, Suim.
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geodynamic reconstruction of the major geological processes occurring at aeeteting
and consuming plate margins.

Unfortunatdy, datings on ophiolites produce results often difficult to interpret
due to most rocks of these associations having suffered mineralogical and chemical
transformation during deutc:risis :md complex post-magmatic metamorphic events.
Therefore much caution should be exereizcd in interpreting KjAr data, which in
many cases may represent mixed ages bt:twttn ophiolitc: formation and later partial
re-equilibration processes.

~pite these objective difficulties, KIAr dating is a valuable tool to detect
isotopic re-equilibration and to put chronological constraints on the generation
and tectonic-metamorphic events of ophio(jtes, which are otherwise generally
difficult to obtain.

In this paper we preM:nt 17 new KjAr determination on whole rocks and
mineral concentrates of ophiolites from Corsica, the Northern Apennines and
Calabria, for which radiometric age data are so far scarce or completely lacking.
In order to complete the Northern Apennine geochronology, we add here 13
isotopic age determinations (CRtVELL1, 1976, unpublished thesis) measured in the
Department of Mineralogy, University of Geneve.

KjAr age data on ophiolites from the Western Alps (BOCQUET et al., 1974;
0E.t....u0YE and Dts~lONS, 1976) and the Eastern Mediterranean area have ~n
presented elM:where (DElALOYE et aI., 1980 a and b).

Geological framework

Ophiolites of the Western Alpine-Apennine orogenic bdt (the Western Alps,
Corsica, the Apennines, Calabria) are widely regarded as fragments of oceanic
lithosphere created during the Jurassic opening of the Penninic-Ligurian oceanic
basin which M:parated the palo-<:uropean and Insubrian (Apennine-African)
continental blocks (ABBAn: et aI., 1976, with references).

The Cretaceous-Eocene compressive events (HUI"'ZIKER, 1974), due to the
inversion of Europe and. Africa's relative motion (DEWEY et al., 1973), brought
about lithospheric subduction and westwards (Europe-vergem) overthrusting of
M:gments: 1) from the Insubrian and European continental margins and 2) from
both Penninic (Alpine-type) and Ligurian (Apennine-type) oceanic lithosphere
(DAL PIAZ, 1974 a; WUBSHER, 1974; TRUI\IPY, 1975; DAL PIAZ and ERNsT, 1978).

The later Oligocene-Miocene Apennine orogeny was responsible for back­
thrusting and eastward tectonic transport of the Ligurian nappe complex on to
the Apulian (African) foreland (ZANZUCCHI, 1978; REUTIER et al., 1978;
SCANOONE, 1979).

Three main types of metamorphism have ~n recognized in the Penninic
ophiolites from the Western-Alps: I) an early sub-sea Roor metamorphisms of
greenschist to amphibolite facies which developed during ocean crust formation
(DAL PIAZ, 1974 a); 2) HP-LT metamorphism, blue-schist to edogite facies, related



K/A. AGE DETERMINATIONS ON SOME TEmYAN OPHYQLlTES 871

to subduction processes during early orogenic events (Eoalpine phase 78-100 m.y.;
O.u. Plla, 1974 b); 3) a late grttnschist to amphibolite facies event, with glaucophane
rec.rystallization, probably due to the burial of the nappe pile (Lepontine phase
35-50 m.y.. with climax at 38 ± 2 m.y.; HUNZIKER, 1974; O.u. PIAZ, 1974 b; 80QuET

et al.. 1974; FIl£Y et al.. 1974; 1>EuLon. and DESMONS, 1976).
Moreover, a Late Oligocene _Lower Miocene (30-15 m.y.; 80QUET et al.. 1974)

tectonic event which producied a recrystallization of blue and blue-grttn amphibole
has been detected in the Western Alps.

In the Eastern Alps, the AJpidic metamorphism of the Penninic rock series
of the Western Tauern window occurred at the same time (RAlm et al.. 1978).

Similar metamorphic events have been recognized in Corsica (OHNENSTETT'U
et al., 1976) where ophiolites are present in different tectonic units referable to
either Penninic (e.g. the c Schistes lustres) nappe with HP-LT metamorphism)
or Ligurian types (e.g. the Balagne nappe; NARDI, 1%8; GLOM, 1977).

Northern Apennine ophiolites, belonging to different Ligurian units (DE.CANDIA
and UTER, 1972; ABBATE et al., 1970 a and b; BRAGA et al., 1972; PAGANI et al.,
1972), only show the effects of an early oceanic, greenschist to amphibolite facies,
metamorphism, followed by a subgreenschist facies metamorphism in the orogenic
environment (G.u.L! and CoRnsOGNO, 1970).

In Calabria, recently considered to be a southern fragmem of the dismembered
Alpine belt (lhCCARD et al .. Im; OIf.T1ICH and ScANOO"''"£, 1972), ophiolites occur
in several tectonic units (which may, e.g. Oiamante-Terranova unit, or may not,
e.g. Malvito ",nit, show HP-LT metamorphism) and tc:ctonically underlying a
dioritic-kinzigitic continental unit (AMOOlo-MOfl.D.,LI et al.. 1976).

K/Ar determinatioD.8

R~$uJtI

30 KJAr determinations have been carried out on 25 whole rock samples and
five mineral concentrates (2 brown-green amphiboles, 2 blue amphiboles and 1
plagioclase) respectively. Location, mineral assemblages and nature (in brackets %
of the enrichment degrtt) of the analysed samples are reported in fig. 1 and table 1.
Results are reported in table 2.

All the samples come from ophiolitic associations except the quartz diorite
which belongs to a dioritic-kinzigitic continental unit.

The 25 whole rock sar!)ples are metabasahs and metagabbros which have
geochemical affinities with oceanic tholeiites and gabbros generated at accreting
plate margins (BECCALUVA et al.. 1976; GLOM, 1977; DosTAL et al., 1979; BECCALUVA
et al., 1980 b).

Cornca
The rocks and minerals from the Ligurian-type Balagne ophiolites (2 brown·

grttn amphibole concentrates and 3 whole rock metabasalts) and the HP-LT
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Fig. 1. - Distribution of ophiolilcS in the Mediterranean area (I); compression front of the Alps
and Apcnnine chain. (2) (after L.WBSCj-{ER. 1974). Numbers refer to location of the analysed samplOl
as rq>ortro in table I.
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TABLE 2
Radiometric results

873

SAMPLE

NUMBERS
LOCATIONS 1 Ar rod

C. 51 (COUlCAl 1.8J.o 31.6S~ 1.1S 10.lO2~0.110 )1.)49~ 1.230 1.220.0.0)2 11.)~0.8

0.900 54.11 \.86 9.!<:>l 0.302 21.6H 0.$01 0.938 0.016 10.1 0.9CS 5S

CS 6l

CS I'M

cs In
6 C lO A1Tl

O.llO 10.01 2.8. 6.1)1 0.110

0.1J.o 181.19 6.04 1.151 0.192

O.nl 16.01 3.30 3.345 0.08)

(CORSiCA) 0.104 136.9S S.l4 S.061 0.080

9.099 0.291 0.285 0.010 ~6.0 .1

J.9/1 0.126 \.IS8 0.0:1.4 59.6 .0

\16 0.121 0.062 0.012 11.6 1.2

SJ.o 0.05. 0.J.o1 0.017 41.6 0.9

1 Cl; 11 P1ETU<;J.CI;I0 (COItSlCA) 0.110 34 36 1.4. 9.024 0.:131 30 108 1.471 0.461 0.0\6 66.9 1.4

8 C 10 IAICIIIT'!A (CO'S'CA) 0.060 S9.10 8.18 4291 0.21S ).8n 0.2)8 0.(6) 0.008 11.0 1.7

9 C 39 (<;XlUlCA) 0.088 198 11 44.18 141 0.041 0.1S2 0.001 0.320 0.014 S.9

1l IlC 12

_'NS 01 C10Tt..... 1 0.202 11.91 6.61 •• 120 0.211

0.080 1I7.98 1.12 4,39\ 0.098

4.141 0.212 0.)08 0.017 Jl.0

2.026 0.0~9 0 169 0.010 n.6 1.5

12 1IC 1) - 11. QIlA'l1'.S8 O.~H 8).01 2.11 8.800 0.201 1I.81S 0.3)S 01S9 0.018 '66.1 0.8

II le 14

14 HI: JI

(Io:'lIiTHEllI .....NNIN8) O.l'lll SS 6~

0.282 9S 98

40 S.6H 0.131

41 6.&28 0.111

29S 0.246 0.1'10 O.OIS 41.8 1.2

148 0.201 1.n9 O.OIS 56.5 1.1

IS t Ii6 LlYQ>.NO - YOLT8lXA .120 98.88 91 &.111 0.164 9.849 O.J.ol 1.914 0.082 65.S .4

16 e (NOR'TllEllI APPIINNIlI£) .\l0 S9,14 4.01 6.8S9 O.JH II.I7S 0.6S7 \.116 0.010 ~5.9 I.

11 AB 0.140 I4S.6\ 26.88 1.628 0.111 0.164 0.015 0.368 0.061 1&.2

18 I I~ 1.610 84.36 J.91 8.822 0.H6 1\.691 O.J.ol 2.J.oI O.ogJi 6S.9 .1

19" 66

20 R 1S4

21 l 'lO

2) lO 381

0.800 83.39 6.06 6.869 O.J66

0.6J.o SO.6\ 6.97 4.616 O.ISll

0.040 00.]9 7.61 6.994 0.286

.HO loo.lS 8.22 4.964 0.\&1

,no IlS.10 12.91 4.01>8 0.110

1.S92 0.\S6 0.929 0.013 1S.1 1.1

S.I4I 0.2Sll 1.032 0.OS2 56.1 1.1

3.136 0.1S4 0.8.4 0.062 19.1 1.1

1.611 0.065 0.161 0.08\ 21.0 2.3

24 e 8)

2S 110 26l

.&10 118.1. 2J 6.29S 0.111

lJ 4.1l8 O.\OS

•• 108 O.ln 1.11S 0.016 S2.4 1.1

1.61l 0.126 0.811 0.069 28.2 1.8

26 V 12

11 C 14

•910 68.70 4.SO 6.~19 0.\91

.210 91.62 9.14 4.030 O.IlS

6.146 0.268 1.529 0.069 S4.0 I ••

1.969 O.OH 0.040 0.044 26.1 2.\

UI'UVOlATA (CAUSRlI.) .no 48.IS 2.11le CJl 6

POLLlNO (C.......RlAJ 1.4100 29 10 I.~

894 0.241 11.9B 0.5SO 0.\86 0.008 S6

611 0.166 1S.6Il 0.~69 0.H8 O.OlS 47 ,..
30 CA 10 .1)0 104.86 1.69231\2 0.811 2).611 0.910 1.'lO9 0.011 87.4 O.S

The isotopic composition of argon has been measured with an AEIMS J() mass sp«trorneter.
POl:assium was d~tcrmined by isotopic dilution technics and by flame pbOlometry. Th~ ages have been
calculated with lh~ n~w decay con.lam. (STEICUI and J~CUI. 1977). The Z r1 error on lhe age
delcrmiualion was csl;malffi to be ± 4 %.
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mt:taophiolites (1 blw=:-amphibole and I pJagioclast: concentrate, 3 whole rock
metabasites) associated to the c Schistes lustris:t naplX'. have been dated.

The K{Ar age of brown-green amphibole conantrate: of a me:lagabbro from
Balagne is 181.4 ± 6.0 m.y.

Considering me good argon retentivity of amphiboles, a Lower Jurassic age:
may be considered as reliable for !.he devdopmcnt of me:tamorphic hornblende in
gabbros during ocean-floor metamorphism, shortly afu=r the generation of the
ocean crust. This is consistent with the age of about 170 m.y. obtained by lPfPb
method on zircons separated from some Eastern Corsica plagiogranites (OHNEN­
STE1TEIl M.. OHNENSTE'TTEJ. D. and VIDAL PH" personal communication).

.. '

"

I: METABASAl.TS - BALAGHE
2: BLUE - SCHISTS - NORTHERN CORSICA
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Fi,. 2. lsocbron plot of meubasites and mineral separates from Corsican ophiolita..

The Late Jurassic-Early Cretaceous ages obtained on brown hornblende
(148 ± 15 m.y., Loo~us T. P., in GIANELLI and PRINCIPI, 1974) and on plagioclase
from troctolite (136.9 ± 52 m.y., this work) should be therefore considered as
due to isotopically re-equilibration afLer the generation of oceanic crust (later
ocean.Roor metamorphism and/or early orogenic event).

Four individual datings on blue amphibole and whole rock blue.schist
metabasites have been made only. Three: of these: are uS(:ful, due: to the very low
potassium and radiogenic argon contents of C39 blue-amphibole, which is discarded.

The remaining data refer to three whole rock samples and one brown amphibole
from Balagne metabasalu.

All apparent ages from Northern Corsica may be ploued on a 4°Ar/MAr vs.
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40K/3lJAr diagram. Bluochist ml':tabasites on one hand, and metabasalts on thl':
other, plot on two par-did straight linl':s whose slopes correspond to an isochron
age nl':3r 20 m.y. and indicate an argon OVl':r-pressure; iOArf"Ar = 400 and 500
,espe<tively (fig. 2).

Thus Corsican ophiolites, from both Balagne metabasalts (Ligurian-typc) and
from HP-LT blue-schist metabasites associated with the < Schistcs lustres» nappe
(Penninic type) have undergone Upper Oligocenl':.Lower MiOCl':nc isotopic rl':­
equilibration as in the Western Alps (30-15 m.y., on aVl':rage around 20 m.y.;
80cQUET et al., 1974; HUNZ.tKEil, 1974).

METABASALTS AND METAGAB8ROS

.ooAr/HAr NORTHERN APENNINES..'

•

•

•

,

+
7'

~y.'+*/"

+ :r/~ -I-+ /" +

o
o , • • •

Fig. 3. - b«hron plol: 01 meub.JS3llS and muagabbrm from the Northern Apcnni"", ophiol..ilO.

It is intl':resting to note that thl': mid-Cretacrous blue schist facies metamorphism
(glaucophane from Tenda·Corte complex 90 m.y., MALUSKI, 19n; isochron age
105 ± 8 m.y. for the blastomylonitl':s at the contact with the < Schistts lustres »,
Col-lEN I':t al., 1981) and the Eocene-Oligocene metamorphic effects (K/Ar ages of
white micas in'thl': Alpine Corsica; MALUSKI, 1977; ScHAMEL and HUNZIKEil, 1977)
appear isotopically re-equilibrated in the studied samples during thl': later Oligocenl':­
Miocenl': event.

North~ Ap~nnjneJ

Four whole rock data have ht:t:n obtainro on ophiolitic ml':taoosalts intercalatro
as olistoliths in thl': Cretaerous Paleocene Casanova Complex, a Ligurian wild-Aysch
sequence panly affected by anchizonl': ml':tamorphism (ZAI.1ZUCX:IIl. 1978).
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The basaltic rocks show the effects of an early ocean-Aoor metamorphism
foHawed by a further sub-grtt.nschisl (prehnite-pumpdlyito) event, probably
devdo~d in orogenic environment.

The individual datings a~ 118.0 ± 7.7, 96.0 ± 35, 83.1 ± 2.4, 55.6 ± 2.4 m.y_
This significant spread of data is probably due to different responst: of the samples
to the variable intensity of the metamorphism which they have undergone.

Apparent ages have bttn calculated on ophiolitic metaoosalu and meugabbros
from the Tuscan A~nnines (CRIVELLI. 1976). A plot of 4°Arr At vs. <IOK~Ar

for all the results from the Nonhern Apennines show that the group is homogeneous
(fig. 3). A theorrtical line at 83 ± 5 m.y. has also bttn calculated and is shown
on fig. 3. This values is dose to the beginning of the fu-alpine metamorphic l:'Vl:'nt.

Sincl:' thl:' fission track datings on zircons iodicatl:' a Lowl:'r/Middle Jurassic
genl:'ration of thl:' Northern Apennine oceanic association (180-165 m.y.; BIGAZZI

et al., 1973), the K/Ar ages may be intl:'rpreted as being due to reheating (possibly
up to 300") and isotopic re-equilibration of the analysed rocks during later orogenic
events. Moreover, as Upper Cretaceous to Paleocene is also the cronological span
of the Eoalpine HP-LT metamorphic events of the Western Alps (HUNZIKER,

1974; BOCQUET et al., 1974), it may be argued that the subgreenschist orogl:'nic
metamorphism of the Ligurian ophiolites is possibly relatf:'d to the same compressive
phases which characterized (by westward Europl:'-vl:'rgent overthrusting of both
Penninic and Ligurian ophiolitic slices) thl:' initial stages of dosurl:' of the oceanic
basin. This interpretation appears to be consistent with the paleogeographic
reconstruction proposed by GAANDJAQUET and lliCCAllD (Im), where the Uppl:'r
Crl:'tacwus·Paleocene substralUm of Aysch is constitutf:'d by a sequencl:' of ophiolite
units in which orogenic ml:'tamorphism decrea5('$ upward: I) the eclogitefbluesc.bist
Penninic units; 2) the blueschist Montl:'nolte nappl:' of probable Ligurian affinity
(CHIESA et al., 1975; BECCALUVA et al., 1979a) and 3) thl:' subgrttnschist Ligurian
ophiolite units.

Finally it should be noted that the later Apennine orogl:'nic events, responsibll:'
for the eastward napp:: transport on to the Apulian foreland, do not appear to have
reached temperatures high enough to induce isotopic re-equilibration in the
analysed rocks.

Calabria
One blue-schist (with greenschist overprint) metabasite and one sub-greenschist

metabasalt from the Diamante.Terranova and Malvito ophiolitic units, respectively,
gave ages of 48.1 ± 23 and 19.7 ± 1.6 m.y.

The imerpretation of this data is not simple. However, considering a possible
radiogl:'nic argon inheritance as for the analogous Corsican samples, an isotopic
re-equilibration event in thl:' Oligocene-Miocl:'ne timl:' almost certainly occurf:'d.
A single quartz-diorite sample belonging to the Polia-Copanello unit gives an agl:'
of 1449 ± 3.7 m.y., a value in the range of those of biotites from gneiss and
tonalites of tlll:' same formation (147-127 m.y., AMOOIl)·MoREU,1 et al., 1976).
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These ages seem to Ix: interpretable as a Lower Cretacrous isotopic re­
equilibration of continental crust material from the African plate reaching shallow
levels during the initial stage of formation of the Calabria c Alpine Ix:h, (AMool()­
MOllELLI et al., 1976; ScA~DOl'<"E, 1979).

Concluding remarkll

The available geochronological data indicate that ocean crust accretion which
generated the major ophiolite complexes of the Western Alpine-Apennine systems,
occurred as far back as 180-170 m.y.

In the Hellenides, amphibolites from beneath the Pindos, Vourinos, Othris
and Euboea ophiolites, probably related to metamorphism within oceanic lithosphere,
have ages of 17Q..180 m.y. (SPRAY and ROODICK, 1980), thus suggesting a Lower
Jurassic formation also for these ophiolites.

Similar ages of 154-182 m.y. (KARAMATA and LovRIC, 1978) and 164 ± 15 m.y.
(MAYER et al., 1979) were reported for sub--ophiolite metamorphic rocks and
amphibolite, respectively, from the Dinarides.

All the data indicate that continental fragmentation and development of
multiple deep seaways (Sc.ANDONE, 1975), which later evolved to ridge segment/
fracture zone systems (PICCAllDO, 19n; BECCALUVA and PICCAROO, 1978; BECCALUVA
et al., 1980b), took place from Lower-Jurassic time and was related to separation
of Africa from North America, and its eastward motion with respect the Euro­
asiatic plate (DF.WEY et al., 1973).

It should be noted, however, that the petrological characteristics of ophiolites
such as VOUI.lIo.'"OS and PINDOS indicate an island arcfback are basin rather than
an ocean ridge original t«tonic setting (BECC.-\LUVA et al., 1978, 1979 band 1980 b;
(AP£1lll1 et al., 1980). This suggests the existence, since Jurassic times, of convergent
plate motions in the Eastern Mediterranean area.

Similarly, ophiolitcs from Cyprus (PURCE, 1975; BECCALUVA et 31., 1979b and
1980b with references), Turkey, Oman (P£.-\KCE, 1980) and Western Iran (DEsMOXS

and BECCALUVA, in preparation) exhibit petrological features consistent with their
generation in an island arcfback arc basin system during the Upper Cretaceous
(Du.u.oYE et al., 1980 a and b; THU1ZAT and MONTlc,,"'Y, 1979; M.u.coM et al.,
1979; DELALOYE and DESMONS, 1980). This age corresponds to the inferred major
change in the relative motion of the African plate with respect to the Euro-asiatic
plate (DEWEY et aI., '1973), and ophiolite generation in such a period appears to
be controlled by a predominant convergent plate regime in the Tethyan realm.

In the Western Tethys, the Cretacrous compression caused reduction of the
oceanic basin, and the Jurassic ophiolite lithologies began to be aff«ted by several
t«tonic-metamorphic events and isotopic re-equilibration in orogenic environment.

In the Nonhern Apennines the Upper Cretacrous isotopic rc-equilibration of
metabasalts and metagabbros (83 ± 5 m.y.) supports the existence of a single
compressive phase., which brought about, in addition to the well known Eoalpine
HP-LT metamorphism of the Western Alps, Eastern Corsica and Calabria ophiolites,



878 L. BECCALUVA, S. CHIESA, M. OELALOYE

tectonic-metamorphic effects also on the Ligurian ophiolites which were later involved
in the Apennine orogeny.

We suggest that the sub-greenschisl metamorphism of the Northern Apennine
ophiolites may have developed during these early westward (Europe-vcrgent)
tectonic phases.

Subsequently, Corsican ophiolilcs (either from Balagne and the 'I Schisles
lustres), nappes) and possibly also those from Calabria, suffered extensive isotopic
re-equilibration during Oligocene-Early Miocene times. This period corresponds
to the eaSl\vard Apennine orogeny and the back folding ('" rctrocharriage .)
of the Alpine chain, in connection with the predominant tectonics characterized
by Africa-vergent thrusting (cf. RWTTER et al., 1978, with references).
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