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ABSTRACT

Pre-Hercynian magmatic rocks are widespread in the Palaeozoic basement of the Peloritani Mountain Belt. The metabadaagioffiiMelia area
(SE Peloritani) represent the largest magmatic products of Early Palaeozoic. These rocks occur as mafic lava flows elieseguemus textures and min-
eral phases. They were weakly metamorphosed during the Hercynian orogenesis and show sub-greenschist metamorphic asspriilageb®wrigi-
nal igneous parageneses. The geochemical features of these rocks indicate an alkali basaltic composition and a wikhiviPRE affinity. Basaltic pro-
toliths of metabasites were produced by partial melting of variably enriched mantle sources and experienced fractionggocrastdllicontamination dur-
ing their ascent. Overall data are consistent with a geodynamic environment related to an early stage of tectonically ctortimenead rifting. These
metabasites represent the only evidences of a Cambro-Ordovician extensional event in the Peloritani domain of the formmicAdptate. Their features
are consistent with a possible location of this terrane at the south-western termination of the South Armorican Oceankhringakaeozoic.

INTRODUCTION
GEOLOGICAL SETTING

The pre-Hercynian terranes of the peri-Mediterranean
area are mainly exposed as basement areas affected by Her- The Peloritani Mountain Belt is located in north-eastern
cynian and/or Alpine medium to high grade metamorphism.Sicily. It forms the southern part of the Calabrian-Peloritani
The occurrence of very low-grade mono-metamorphic Her-Arc, a segment of the Variscan Belt that represents the con-
cynian terranes provides important clues for the geodynamimection between the Southern Apennine Chain and the
interpretation of the Early Palaeozoic period in the CentralMaghrebid Chain (Fig. 1). The evolution and geodynamic
Mediterranean area. Generation of Cambro-Ordoviciansignificance of the Calabrian-Peloritani Arc are still the sub-
oceanic crust (Rheic Ocean) has been reported from severgct of contrasting interpretations, due to its involvement in
basement areas (von Raumer et al., 2002; Schaltegger et abpth Hercynian and Alpine orogeneses. The Peloritani Range
2002), however only stages of initial rifting are indicated for is composed of a nappe pile consisting of Hercynian base-
the terranes located eastward respect to Avalonia, before itment rocks whose metamorphic grade increases northward
separation from the other peri-Gondwanan microcontinentsand of fragments of Mesozoic-Cainozoic covers. This nappe
(Stampfli and Borel, 2002; von Raumer et al., 2003). pile can be subdivided into two domains, namely Lower and

Evidences of continental break-up, reported from differ- Upper Domain, characterised by different tectonic-metamor-
ent parts of the Hercynian Europe (von Raumer et al., 1990phic histories (Atzori et al., 1994; Cirrincione and Pezzino,
Pin and Marini, 1993; Capelli et al., 1994, von Raumer et1994). The Lower domain is exposed in the southern part of
al., 2002), consist of mafic-ultramafic complexes or bimodal the Peloritani Belt and consists of three tectonic slices made
associations of felsic and mafic meta-igneous rocks with al-up of very low- to low-grade metamorphic sequences and
kaline affinity. non-metamorphosed Mesozoic-Cainozoic cover rocks. The

Alkaline metabasites of Cambro-Ordovician age crop outmetamorphic characteristics of these tectonic units have been
in the Mongiuffi-Melia (MM) area, within the Lower Do- previously described (Atzori and Ferla 1979; Pezzino 1982).
main of the Peloritani Belt (north-eastern Sicily). These The Upper Domain, in the north-eastern part of the belt, con-
metavolcanic products seem to represent the only availablsists of two tectonic units mainly made up of low- to high-
evidence for the reconstruction of the Lower Palaeozoic ex-grade Hercynian metamorphic rocks, characterized by an
tensional events in this sector of the former Alboran mi- Alpine metamorphic overprint.
croplate (Andrieux et al., 1971). Metapelites, quartzite schists and minor marbles and

The very-low grade Hercynian metamorphism commonly metabasites compose the three tectonic units forming the
preserved primary volcanic textures thus allowing for pro- lower domain. In the Mongiuffi-Melia area (Fig. 2a) a
tolith identification. At the same time, most geochemical metavolcanic formation composed of metabasalts and
features have been retained, permitting some petrologicametavolcaniclastic rocks crops out at the base of the interme-
considerations. diate tectonic unit (Taormina Unit; Atzori et al., 2001 and

The present study provides petrographical, geochemicakeference therein). The metabasalts are the subject of the pre-
and Nd-isotope data for the Mongiuffi-Melia metabasites in sent study. The underlying metapelites, in stratigraphic con-
order to determine the origin and the evolution of their mag-tact with the volcanic succession, contain acritarchs (Cam-
matic protoliths and put constraints on the palaeogeographitrian-Ordovician transition, Majesté-Menjoulas et al., 1986;
environment at the time of their emplacement. Bouillin et al., 1987), thus suggesting a likely Cambro-Or-
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Fig. 1 - Simplified structural map of the Central Mediterranean area (modified from Lentini et al., 1995).
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Fig. 2 - (a) simplified geologic map (modified from Cirrincione et al., 1999); (b) geological section of the Mongiuffi-Melid\dF: massive metabasite;
VM: vesicular metabasite; VDS: metavolcaniclastic rock).
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dovician age. According to Acquafredda et al. (1994), theseples from the MM area, (excluding metavolcaniclastic prod

metabasites represent the oldest eruptive products of thacts), were measured by inductively coupled plasma atomic

Palaeozoic sequence of the Peloritani Mountain Belt. emission spectrometry (ICP-AES) and inductively coupled

plasma mass spectrometry (ICP-MS) at the Nancy CRPG

laboratory (CNRS). Details of the analytical procedure and
SECTIONS AND FIELD OBSERVATIONS detection limits are described by Carignan et al. (2001).

Two selected samples were analysed for Nd isotope ratios at

The metavolcanics are green to greenish-violet in colour,the Nancy CRPG laboratory (CNRS). Sm and Nd concen
fine-grained and have massive to foliated structure. Thredrations were determined by isotope dilution. Isotopic com
rock types can be distinguished: positions were measured using a Finnigan MAT 262 mass
1) Massive dark green metabasite (MF), exhibiting a poorly spectrometer. MeasurétfNd/A44Nd ratios were normalised

developed metamorphic foliation. It likely represents the to “Nd/*Nd = 0.7219. Repeated measurements of CNRS

metamorphic product of original massive lava flows. internal J-M standard yielded an average value of

2) Poorly foliatedvesicular metabasite (VM) of colour from #3Nd/**“Nd = 0.511089% 38 (20) during the period of
violet to green-violet. The presence of vesicles suggestsanalysis corresponding to a La Jolla value of 0.511827.
that this rock type represents the metamorphic product of
original vesicular lava flows. Locally calcite-filled amyg
dales, 0.5-1 cm in size, have been produced by secondary GEOCHEMISTRY
filling of magmatic vesicles.

3) Metavolcaniclastic rock types (VDS) represent metamor  Major and trace element data of the analysed representa
phic products of original pyroclastic material, preserving tive samples of Mongiuffi-Melia metabasites (MF and VM
an original volcaniclastic layering of variable thickness types) are reported in Table 1.

(from few centimetres to 4-5 m). They are characterised MM metabasites have Sj@ontents in the range 42.7-

by a marked foliation and variable colours, from grey- 49.6 wt.% (recalculated on anhydrous basis). In the Harker

green to violet. diagrams (not shown) MM samples are scattered and no

The metavolcanic succession is composed of: 1) a 20 ntlear evolutionary trend can be recognised. MF-type samples
thick basal sub-unit made up of MF-type metabasite; 2) a 15rom the lower sub-unit generally have higher Ji@l,0,,

m thick intermediate sub-unit mainly consisting of alternat Zr, La, Y and lower Ni, Cr (and LOI) contents than types

ing levels of VDS and VM-type metabasites; 3) a 45 m coming from the two upper sub-units. On the contrary-sam

thick upper sub-unit mainly composed of VDS with in ples from the upper sub-unit have the highest abundances of

terbedded MF-type metabasite lenticular bodies (Fig. 2b). MgO (10.38-12.03 wt.%), Co (48-53 ppm), Ni (226-246

ppm) and Cr (561-633 ppm). The metabasites of the interme
diate sub-unit show intermediate geochemical characteristics

PETROGRAPHY AND METAMORPHISM compared with the rocks of the other two sub-units, except
for the relatively low contents of Ti@nd FeO,.

Most samples show sub-greenschist-facies mineral as The abundances of selected compatible and incompatible
semblages. In MF- and VM-metabasites, relics of magmaticelements have been plotted against Zr employed as a frac
textures (e.g. porphyritic textures and flow fabrics) are oftentionation index (Fig. 3). Despite some scattering the dia
present. Phenocrysts were composed of mafic minerals andrams show that TiQ Fe,O, . Al,O,, Nb, Y, La abun
plagioclase, now replaced by chlorite + calcite + quartz +dances tend to increase with increasing Zr content, while
epidote aggregates and albite crystals, respectively. The miMgO, CaO, NaO, Cr, Ni show negative correlation. The
crocrystalline groundmass, showing intergranular to inter observed trends are explainable in terms of fractional crys
sertal textures, is now mainly containing chlorite and albite. tallization of olivine + clinopyroxene spinel. No clear cer
The other minerals of the groundmass include epidote, calrelation is recognizable for O, likely reflecting some post-
cite, pumpellyite, prehnite, iron oxides, quartz, white mica; magmatic mobilization.
actinolite is sporadically present. All the MM metabasites show alkaline affinity, as al

Occurrence of vesicles and the association with volcani ready recognized by Ferla (1978). They plot in the field of
clastic products suggest a shallow-water depositional envi alkali basalts in the Nb/Y vs. Zr diagram (Fig. 4a), which al
ronment. The metamorphic evolution of these rocks can beso shows the more evolved nature of the samples from the
ascribed to two stages (Cirrincione et al, 1999): 1) a firstlower sub-unit. On the contrary, samples from the two upper
stage produced the main foliation &d generated sub- sub-units plot close to the field of tholeiitic basalts and show
greenschist facies assemblages: the VM-type metabasitea more primitive character. In the Ti® diagram (Fig. 4b)
are characterised by a prehnite-bearing assemblage, whili is possible to evidence the general high-Ti nature of all
the MF-type metabasites are either pumpellyite-bearing orthe metabasite samples. In particular the high Ti contents
actinolite bearing; 2) the second stage produced jfai& may be explained in terms of different processes which
tion crenulation cleavage, mainly evident in the rocks of could have interacted at various degrees (e.g souree fea
VDS type. During the second stage the introduction of atures, small amount of partial melting, etc.; Shervais, 1982).
CO,-rich fluid played a fundamental role stabilizing the MM metabasites plot within the field of within-plate
“Cal + Chl” assemblage at the expemdehe previous sub- basalts in the Ti-Zr-Y diagram (Pearce and Cann, 1973)
greenschist facies assemblages. whereas in the Hf-Th-Ta diagram (Wood, 1979) it is possi

ble to observe that the samples from the lower massive sub-

unit plot within the intraplate basalts field and the samples
ANALYTICAL METHODS from the intermediate and upper sub-unit straddle the limit

among the intraplate basalts field and the E-MORB field

Major and trace elements of fourteen representative sam(Fig. 5).



20

980 €01 160 760 St'T LT'T 86°0 G880 160 €80 80 880 780 €60 qN/en
T €T 76°0 LT'T €eT VTl 90'T 69°0 .0 G0 L0 0.0 .0 €L0 aN/A
71’9 €L'S 97’6 9L, 87’9 6L, G9'8 00'8 95, 6L cLL 8L [StowA 'L ANZ
6E°L 8L 26'8 806 T19'8 78’8 €T'6 €9°G 99'G v¥'S 8€'S S'q 144°] v¥7'S aN/IZ
150 250 .80 180 150 PAN0] 50 96°0 S0'T 66°0 €T €T 86°0 70T n
66'T 62°¢C cLe LV'E s0'e 76'C ece €9V TS 78'v L'S L0'S 98'v 881 ylL
v0'T 6T'T €51 7't €T €T €e'T SG¢C 8¢ 79°¢ 90 99°¢ LC €9¢C el
cL¢e 1Te LEYV TV 19°¢€ 9v'e 8L'¢ L'V LE'S ST'S ¢8'S S0'S ¥0'S L6V JH
120 720 S2'0 620 A1) 120 rAl] SE0 9€'0 9€0 70 SE0 9€'0 9€0 n7
1 LL'T ¢8'T S0'¢ S0'¢ 69T LT 9¢'¢ cv'e cS'¢ L1 1404 e a4 gA
9Z'0 620 82°0 2e0 GE0 120 620 9€'0 o 7’0 9’0 70 7’0 70 wl
19T 10°¢ €6'T 10°¢ 6¢°¢ G8'T 18'T Ve 8¢ 69°¢C JAOR 8¢ €L'¢e §9°¢ 3
9.0 880 6.0 60 S6°0 S0 6.0 70T 12T ZT'T €e'T vT'T 9T'T €T'T OH
89°¢ o'y 28'e Tevy 29Y 9'¢ S9'e L0°S 00'9 19°S ST9 ¥9°'s 6L°S T19°S Aa
S9°0 80 €90 L0 180 290 €90 160 L0'T S6°0 60'T 00'T €0'T 160 qL
[S1a% 8€'S 12597 LL'Y 9'S f45% 4 9TV 29 19°L S6°9 8L €89 89 1.9 %9)
19T 404 /ST /ST 9.'T GET 6T vT'¢e 8¢ cee 69°¢C LEC 6E€¢C LEC n3
\474% 859G YA 4 8% 99'G Sv'v 96°'€ 199 8G9, ST'L 8T'8 €L 10°L cT'L ws
70°8T €c 29'6T T'0¢ 86°GC 90°0¢ v LT 25°0¢g £6'7¢ T9°0¢ [ AR yT°EE 69°¢C¢ T9vE PN
6'¢€ 80°S 8’y LL'Y 619 9S'v ey VA A '8 95, 9/.'8 88°L 70’8 12'8 id
ST'TE v iv 810V v9'1v 6'vS 150V T.€ 8599 6.°9L 1’89 80°LL ¢T'TL €0'TL SvL 90
fASR A €8T G8°6T 6C°6T 6G°9¢ 1G°0¢ €6°LT 89°ce T'6E gg'ee | LAVR> €0°9¢ Tv'se €T°8¢ e
.Z 1T 8¢ 98 ove €8T TEC 79 S8 9TT 629 LT TES 60T ed
69°GT LLLT V. 1¢ 65°0¢C 9€'8T €S°LT 6C'8T 8L'6€ 18¢v 290V 12414 €601 oA 9T'Tv aN
9TT €eT 6T 18T 8GT SGT 19T 0ce 8€¢ TZC 0S¢ sze (01574 vee 1Z
6'8T 2'ee G'0¢ Tve v've 66T €6T G'/¢C S'TE €0€ v'ce L'8¢ €TE T0€ A
8vT €'es V414 orT 91¢ cTe G9¢ 19¢ 9/¢ 0¥ LTT ve TS€ 1S¢ IS
950 1¢v0 v'1T t444 v1'ce /8'ET 9¥'8T ¥S'S ¢0'6 96'TT 6791 €.'8 /8G9 7’6 qd
9z¢e ate 00'seT 00'eeT 00'VTT 00'G6 78 8'9¢ £€0¢ '8¢ g'ee A% 7'y Z2'ee IN
8t €§ A4 4 fA44 '6¢ 2'6¢ S'9¢ e g'ge 9'LE S0y Vv Ly '8¢ 0D
T9S €€9 00'9¢ 00'18¢€ 00'20e 00'TEE 00'see 00'T1C €'ee zee €'9¢ 9'ce 00'cz 9'T¢C 1D
9z¢ e 8z¢ 9T¢ 997 [4]% ¥0¢ TEeC 6€¢ 8¢¢ 70¢g 8z¢ are 9ee A
(wdd) suswaja aoei]
€€'6 8L /80T e L 80'TT TGET 26’6 6179 ¢T'9 €9 €e'L yASWA 659, 80°L 1071
689 L€ LT'6 T€9 T2€ET 6£°9T LLCT ¥S's GGG T9 62’V €e's 62’8 799 oed
8€0T €0¢T ot 658 28'¢c TLC 8¢ 629 81’9 €€9 L9 6T, A4 Sv'9 OB
TT°0 600 ST0 fAN0] S0°0 L0°0 900 ST'0 ¥T0 6T°0 fAN1] 9T'0 fAN0] 8T'0 OUN
(% ) syuawala Jole
=4 dA = dN NA WA A dN = =4 =1 dA = 4N adA s|dures
Ly NN 9 WIA 62 NN 2 NN SZNIN IZ NN 0Z NN 6 WA 9 AW S AN 7 NN NN Z NN TANIN

uungns Jaddn

uungns alelpaulialu]

1uungns 1amo]

salseqelaw eIB\ 1WNIBUO ayl Jo uonisodwod Juawsa|a adel) pue Jofe - T a|qel



21

1 a5
- ! n
[
an ™ L
- 1z . a0 | -
e o P . f g i g
5 = 7 o Y
; 341 ] ak z 2 i'l' i -E 15 o P
= Fr %
g ﬁ 10
= L9
- G
3 ¥
Lyt 1 f
0 1 A K ) 1 T T r. 0 ] A
5o I
= P |
| a ]
E'N)
ol - ¥ L™
B a & & =0 b
a3 ' E i
: = o dad =
5 5 7 ah
220 o > 3 o4
i 1ot o
o 10 F
o a n
n 1m ey 3m r i 1] EiT £ g u [h0 A AN
& &
3 |
I -
= a 1 "
by s
= g o & 12 #* 4 hm |
o = = * u
® -..l = & X a ] I
05 =] u % n
= a - ol & =
u l. a g & |
= -y 4 2] - % |
|'| |_'| |'_| 1
u 10| il 2 m 1K =n 1] 2 a | S 30
WK | 4
. = |
2
i3 Gud = [ -
L) | | ™
2k -k
o
E | E am | i
B — - r Y
= | & ".' L&) I |2 :
0k 'i-‘ o X . I_
{ | A
ik
Fus | | i
fi K] 1} | n o0 L
n 0 1 ETHy] i 1K K W n I h 1] 0
Zr, ppm Zr. ppm Zr, ppm

Fig. 3 - Major, minor and trace elements plotted against Zr. Squares = lower sub-unit samples; triangles = intermedtatarsplesin circles = upper sub-
unit samples.
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Fig. 5 - Discrimination diagrams for the MM
metabasites. (a) Ti-Zr-Y (Pearce and Cann,
1973); A = island arc tholeiites, B = MORB,
C = calc-alkaline basalts, D = within-plate
basalts; (b) Hf-Th-Ta (Wood, 1979): A = N-
MORB, B = E-MORB, C = alkaline within
plate basalts; D = destructive plate margin
Ir Y*3 Th Ta basalts. Symbols as in Fig. 3.

MORB-normalized spiderdiagrams (Fig. 6a; Pearce, modern transitional-mildly alkali basalts from the East
1982) also show the typical pattern of the intraplate-mag African Rift (Wilson, 1989).
mas, with enrichment in both LILE and HFSE. The shape of Theg,, values of the MM metabasites are very different
the diagram is, moreover, strikingly similar to that of P-type from that typical of MORB-type basalts and are, on the con
MORB of Wood et al. (1979). When normalized to primi trary, analogue to that of the Lower Palaeozic alkali metaba
tive mantle (McDonough et al., 1992; not shown), the MM sites linked to continental break-up from Massif Central and
metabasites show patterns very similar to that of OIBs but
with negative anomalies of K, Rb, Ba and Sr. Strong seatter
ing of LILE may be related to element mobility during 43
metamorphism, as also suggested by the high ¢dntents.

The REE patterns (Fig. 6b) for the MM samples exhibit a
strong LREE enrichment | &b = 6.3-11), particularly for
the samples of the lower sub-unit, no negative Eu anomalies 1
or very slight positive ones for the samples of the upper sub:
unit, and roughly flat HREE. Samples from the two upper
sub-units also show the lowest LREE fractionation. A gener
al increase ilEREE with differentiation has been noticed. 1

The relatively narrow range of HFSE and the regularity
and similarity of the REE patterns indicate that these ele
ments have not been much affected by post-emplacemer
mobilisation and are expected to have retained the magmati !
relationships of the protoliths (e.g Pearce and Cann, 1973
Floyd and Winchester, 1978; Floyd et al., 2000). Therefore,
mostly HFSE and REE and their ratios have been used ir'HI1
order to obtain petrological information, mainly focused on ™
petrogenetic processes and sources.

Sm-Nd isotopic data for two selected samples of MM
metabasites are listed in Table 2 and plotted igh&m/Nd = ReckiGhahdrite
diagram (Fig. 7)g,, values, recalculated at 480 Ma are + i
3.92 and + 0.57 for the sample MM5 (lower sub-unit) and for & Sebmaclabs b ok
the sample MM47 (upper sub-unit), respectively. The sample B Lowecr sub onit
MM47 has higher Sm/Nd ratio than sample MM5.
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DISCUSSION

Geochemical affinity and tectonic setting

In the Mongiuffi-Melia area, three discrete groups of 44
metabasites can be recognized on the basis of geochemic
data, which are consistent with the field and petrographical
observations. In particular, samples from the lower sub-unit
have a more alkalic nature with marked within-plate affinity ikl
whereas samples from the intermediate and upper sub-unit
have a more transitional character, with a P-MORB affinity. s Co Pr Md S Cu @ T Ov lle O3 T ¥b Lu

REE patterns of MM metabasites are analogue to that oi
many Early Palaeozoic meta-alkali basalts, e.g. the metabaFig- 6 - (a) Incompatible trace element pattern normalized to N-MORB

: P (Pearce, 1982) for the MM metabasites. Superimposed line is the P-type
;Itehs fr(.)m tl\r/lle AF}U?:T A(ijs (Clongoeoto‘?‘l'(’: 199|3) and lno;tgggn MORSB, after Wood et al (1979); (b) REE patterns normalized to-chon
ohemian Massil ( oyd et al, ; Crowley et al,, » drites (Evensen et al., 1978); E-MORB and OIB compositon after Sun and

and references therein). They are also similar to patterns omcponough (1989).




23

NE Bohemian Massif, (e.g. Pin and Marini, 1993; Furnes et 1l
al., 1994; Patocka et al., 1997; Crowley et al., 2002). In the
€y-SM/Nd diagram (Fig. 7), sample MM5 plots indeed

within the field of Western Sudetes Cambro- (?) to Ordovi
cian alkaline metabasites that, as suggested by Furnes et ¢
(1994) and Crowley et al. (2002), represent an early stage ¢
continental rifting. These alkaline metabasites are characterz s
ized by both loweg,, and Sm/Nd values than other coeval "
metabasalts showing E-MORB to N-MORB affinity,- re
spectively.

According to Furnes et al. (1994) the association of alkali
basalts and MORB is the result of interaction of a plume-
like component with the convecting asthenosphere in an ex g

tensional geodynamic setting. 045 020 025 030 035 0.4 n4E

LI
2 A 4T

Ll

amdd
Role of fractional cystallization Fig. 7 - g, versus Sm/Nd diagram for the MM metabasites. Fields epre

The trends in th iati di istent .thsentative for composition of coeval alkali metabasites from NE Bohemian
e trends In the vanation diagrams are consistent With it are shown for comparison (reference data from Furnes et al, 1994;

the fractionation of olivine + clinopyroxerie spinel, from Crowley et al., 2002).
the more primitive compositions of the upper sub-unit
metabasites (picritic composistions for sample MM46) to crystallization from a magma parent derived from a single
the more evolved lower sub-unit rockehe increasing  mantle source. Nevertheless other processes might have op
abundance of Ti coupled with lack of overall decrease in Feerate producing analogue characteristics and some of the ob
rule out any significant magnetite fractionation. Plagioclaseserved features result difficult to explain exclusively by
fractionation probably did not play a significant role as in fractional crystallization, as for example the relatively high
ferred by the positive correlation between@jand Zr and value of the Th/Ta (2.33-2.42) and the low J&nhd FgO,
the lack of Eu anomalies. Samples MM46 and MM47 from contents in the samples from the intermediate sub-unk. Dif
the upper sub-unit have high contents of Ni and Cr, whichferent values of the element ratios may therefore indicate
are indicative for equilibration of the original magmas with variable amounts of crustal contamination or occurrence of
a peridotite mantle source. discrete partial melts from different sources in the genera
The narrow variation of many incompatible element ra tion of the different groups of metabasites.
tios and the sub-parallel REE-patterns of the MM metaba
sites may be interpreted in terms of both fractional crystalli
sation or variable degrees of partial melting of a single
source. The metabasites from the three sub-units are eharac The lowg,, values of sample MM47 should be justified
terised by different ranges of ratios as, for instance Zr/Nbinvoking some extent of crustal contamination for these
(5.4-5.6 for lower samples; 8.6-9.1 for intermediate -sam metabasites; crustal contamination has been actually
ples; 7.4-7.5 for upper samples), Nb/Y (1.3-1.4 for lower claimed for Sudetic samples plotting in analogue position in
samples; 0.7-1.1 for intermediate samples; 0.8 for upperthe same diagram (Fig. 7; Furnes et al., 1994). The amount
samples) and Zr/Y (7.3-8 for lower samples; 6.5-9.5 for in of contamination of ascending basaltic magmas by crustal
termediate samples; 5.7-6.1 for upper samples). These varicomponents may be evaluated considering Th/Nb and
tions may be explained in terms of fractionation of cliropy La/Nb ratios (Pin and Marini, 1993). High Th/Nb ratios
roxene, in which Y behaves as compatible element and par(0.11-0.18) of the MM metabasites may indeed represent for
tition coefficient D, is higher than . Also the higher  involvement of crustal components, such as the La/Nb ratios
Sm/Nd ratio of the sample MM47, compared to that of the > 1. In particular all but one of the metabasites from the two
sample MM5, might be linked to the more primitive charac upper sub-units have La/Nb in the range 0.9-1.45. On the
ter of the former sample, since Sm/Nd ratio decreases wittcontrary, the samples from the lower sub-unit have La/Nb
fractional crystallization. ratios of 0.83-0.93, falling in the range observed in strongly
Above data show that the geochemical features of theenriched ocean-island or “plume” basalts (P-MORB) (Pin
MM metabasites are consistent with an origin by fractional and Marini, 1993, and reference therein).

Crustal contamination
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Table 2 - Sm-Nd isotopic data for the selected MM metabasites

Sm Nd Sm/Nd “ISmAMNd “Nd N> “NdHNd(t)
(ppm) (ppm)
MM5 6,864 32,095 0,2139 0,1293 0,51263 0,51222
MM47 4392 17,574 0,2499 0,1511 0,51252 0,51205

* measured ratio; initial 143Nd/144Nd ratio corrected for an assumed age of emplacement of 480 Ma

Data have been plotted in the Th/Ta vs. Zr diagram (Fig.break-up (Pin and Marini, 1993; Furnes et al., 1994; €row
8a), together with the trends of crustal contamination and ofley et al., 2002). In such initial stage an enriched asthenos
plume influence on original N-MORB compositions phere plume-like component was likely mainly involved in
(Thompson et al., 1982; 1986; Floyd et al., 2000). The MM the process of magma generation.
metabasites clearly plot along the trend indicating plume in  The different degree of enrichment observed for trace el
fluence (or fractionation influence), ruling out intensive ements from the different metabasite sub-units may be ex
crustal contamination. In particular only the samples from plained, in addition to fractionation processes, in terms of
the upper sub-units are slightly displaced towards highervariable amount of mixing between asthenospheric N-
values of the Th/Ta ratio, so likely indicating some crustal MORB type depleted sources and OIB-plume enriched
contamination, just for the metabasites from these sub-unitssources. In particular, the samples from the basal sub-unit
The slightly different trends between the three sub-units areshow the highest amount of plume component. So, the tem
evidenced in the Th/Ta vs. Th/Zr diagram (Fig. 8b). poral evolution of the basic magmatism could have involved
increasing amount of a depleted source component.

In the Th/Yb vs. Ta/Yb diagram (Fig. 9; Pearce, 1982)
the MM metabasites plot within the field representative for

The geochemical features of continental sodic alkali uncontaminated intraplate basalts derived from enriched
basalts are generally interpreted considering their parentainantle source. The slight displacement of the samples of the
magmas as the result of small degrees of melting (< 5% wtintermediate sub-unit towards relatively high Th/Yb ratios
) of active plume or of passively upwelling continental might indicate, consistently with the previous observations,
lithospheric or asthenospheric mantle. Decompression meltsome involvement of continental crust in their evolution.
ing of sublithospheric mantle can be induced by lithospheric  As indicated by Crowley et al. (2000), basaltic rocks-gen
thinning particularly during the formation of continental erated in evolving rift zones may display geochemical
rifts, the volumes of magmas depending on the thickness offfinities with N-MORB, P-MORB and within plate basalts
the continental lithosphere and on the temperature of theexplainable in terms of source-related processes coupled
sublithospheric mantle. In absence of important heat eontri with fractional crystallization and crustal contamination. In
butions (e.g. by mantle plumes), only small volumes of meltthe Y/Nb vs. Zr/Nb diagram (Fig.10) data for MM metaba
are generated and melting may be restricted to the stabilitysites are plotted together with the fields of Lower Palaeo
field of garnet peridotite (Farmer, 2004). Melting of centi
nental lithospheric mantle is hardly induced by simple-itos
pheric thinning; it seems to require fluids and/or heat from
the underlying mantle (Harry and Leeman, 1995).

Isotopic data provide important informations in order to
distinguish basaltic magmas derived (partially at least) from
the continental lithospheric mantle from that ones derived
from the sublithospheric mantle. Normal continental lithos -
pheric mantle (CLM) typically have lowey,, (< 0) com E
pared to sublithospheric mantle or metasomatized suprasuk—
duction CLM (Farmer, 2004). Positivg, values of sodic
alkali basalts such as that of MM metabasitesrefore sug
gest that their parental magmas were likely derived from
variably enriched asthenospheric mantle sources. Neverthe
less the isotopic data do not allow to exclude that these
basalts were generated by melting of lithospheric mantle
metasomatized just before melting, due to the introduction &1
of incompatible element-rich fluids/melts derived from 0.1 1 1
small degree melting of upwelling asthenosphere (Farmer, Talth
2004). The MM metabasites are similar, in thgj; and
Sm/Nd values, to Cambro-Ordovician alkali metabasalts Fig. 9 - Composition of MM metabasites in the Th/Yb versus Ta/Yb dia
from the NE Bohemian Massif, French Massif and Iberian 9ram (Pearce, 1982). Vectors: S = subduction component, W = within
Massif which are thought to have originated from the North plate enrichement, C = crustal contamination, F = fractional crystallization.

Gondwanan margin durin n fl isod f ntinent IDotted lines separate the tholeiitic (TH), calc-alkaline (CA) and
ondwanan margin during an early €pisode ot continental gy ,qp,qitic (s) fields. Symbols as in Fig. 3.

Source

10

01




25

* Mo - Melia metabasites strongly argue for a within-plate to P-

MORSB affinity and derivation of the basaltic protoliths from
variably enrichedasthenospheric mantle sources with limit
ed amount of crustal contamination during the ascent: Geo
chemical data are consistent with a geodynamic ernviron
ment related to a continental rifting. In particular, the-pro
toliths of studied rocks were most likely the result of an ear
ly stage of rifting involving passive rise of basaltic melts,
without intervening of active upwelling plumes leading to
extensive melting of the lithospheric mantle.
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ZriNb CONCLUSIVE REMARKS AND GEODYNAMIC
IMPLICATIONS

Fig. 10 - Comparison of composition of MM metabasites with Early
Palaeozoic and modern basalts originated in extensional settings known to
be influenced by upwelling mantle plumes (data from Crowley et al., ~ The magmatic protoliths of Mongiuffi-Melia metabasites

2000). Symbols as in Fig. 3. were emplaced during a Cambro-Ordovician magmatic event
related to rifting preceding continental break-up. Magma gen
eration was the result of decompression melting mainly in
duced by extensional tectonics. The basalts, characterized by
within-plate to P-MORB affinity, were derived by a variably
enriched asthenospheric mantle source and were only slightly
modified by interaction with continental crust.

As a whole, the MM metabasites exhibit geochemical fea
tures comparable to those from the Apuan Alps (Conti et al.,
1993), Sardinia (Ricci and Sabatini, 1978; Di Pisa et al.,
1992) and other European terranes involved in the Lower
Palaeozoic continental break-up (e.g. Pin and Marini, 1993;
Crowley et al., 2000; 2002; Floyd et al., 2000). These results
suggest that the Peloritani Lower Domain (Pld) was likely
part of an “archipelago” of microcontinents separated by
more or less developed seaways, only in some cases €onsist

Eheic Ocean

Armyricy

@. ing of true oceanic basins. In particular, Peloritani Mountains

rid Nmia represent a sector of the former Alboran microplate (Andrieux
m et al., 1971), also known as ALKAPECA (Alboran-Kabylie-
Peloritan-Calabria; Bouillin et al., 1987), which is now frag

mented within the Alpine belt of southern Europe and rnorth
ern Africa. Alboran microplate is inferred to have occupied a
central position within the peri-Gondwanan terranes originat
ed by the Cambrian fragmentation of the northern margin of
Fig. 11 - Simplified palaesogeographic reconstruction for peri-Gondwanan Gondwana. Nevertheless, some differences appear comparing
terranes in the Early Ordovician period (modified from Paris and Ro the ages of magmatic products with similar affinity cropping
bardet, 1990; Carmignani et al., 1992; Atzori et al., 2001). Grey: oceanic gt in different peri-Mediterranean areas. Clear diachronism
crust; White: continental crust. No, Normandy; Co, Corsica and Northem gyisto for example, between the continental rifting episode of
Sardinia; Sa, central and southern Sardinia; Bo, Bohemia; Ct; Cantabria; . .
Aq, Aquitania; Mn, Montagne Noire; Pld, Peloritan lower domain; Nma, Pld_ terrane, aSSIQned to the Cambro-Ordovician and other
Northern Maghreb. peri-Gondwanan terranes, where true MORB rocks were gen
erated at the same timas proposed by von Raumer et al.
zoic meta-basalts and younger American-Anctartic Ridge(2003), different temporal evolution along the former Gond
and Fracture Zone Basalts that are known to be influencedvana margin may indicate oblique processes of convergence
by an upwelling mantle plume (Crowley et al., 2000). By in and extension leading to generation of true oceanic crust only
spection of the diagram it is possible to infer for the MM in separated pull-apart basins. According to these authors, the
metabasites a origin in a extensional setting influenced bylocation of the oceanic basins was probably controlled by the
upwelling plumes, as indicated for the Lower Palaeozoicstress applied at the plate boundaries during initial back-arc
metabasic rocks from Bohemian Massif, Massif Central andopening, although mantle plumes have probably contribute to
Iberian Massif (Crowley et al., 2000). In this diagram all the rifting of the Rheic Ocean.
MM samples plot within the area representative for E- In such a Early Ordovician scenario, location of the Pld
MORB and the less enriched nature of the metabasites fronterrane at the southwestern termination of the South Armori
the two upper sub-units is again emphasized. can Ocean, i.e. a branch of Rheic Ocean placed by Paris and
Finally, the Mongiuffi-Melia metabasites show low Robardet (1990) between the Armorican and Gondwana
La/Nb and La/Ta ratios (generally < 1.2 and < 15.4, respec plates (Fig. 11), appears consistent with the overall features
tively) indicative of enriched asthenospheric sources ratherof the MM metabasites. Such a location, tentatively pro
than lithospheric sources which are, on the contrary characposed by Atzori et al. (2001), provides an appropriate expla
terised by La/Nb > 1,5 and La/Ta > 22 (Franceschelli et al.,nation of both diachronism and limited amount of rift relat
2003, and references therein). ed magmatic products which did not evolve to formation of
In summary, the geochemical features of Mongiuffi- true oceanic crust.

(rondwana
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