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The geochemical properties of the South-Eastern Alps volcanics (SEAV, Eocene age) call for a withinplate origin of the most primitive basalts, in contrast to the widespread calc-alkaline magmatism which developed some million years later northwestwards along the Periadriatic Lineament. The two contrasting magmatic suites that coexist in the Alp ine area define binary mixing relationships in the Sr-Nd and Sr-Pb isotopic space, the end members of which being a crustal component (e.g. lower continental crust) and a HIMU-DMM component (e.g. the SEAV). The occurrence of a HIMU (high µ = high 238 U/ 204 Pb) component, which normally traces mantle plumes of deep mantle origin, in a tectonic regime dominated by collision tectonics (the Tertiary convergence of European and Adriatic plates) can be explained by slab detachment and ensuing upwelling of mantle material through the lithospheric gap. We combine geochemical data and geophysical modelling to unravel the evolution of the Alpine slab after interaction with plume material and the genesis of the Alp ine magmatism. The combination of changes in negative buoyancy caused by continental subduction and softening of a part of the slab caused by slab-plume interaction may act as a regulator for the time of slab breakoff and, consequently, for the variations of magmatism in the overriding lithosphere above a subduction zone. The thermal evolution of a subducting slab is modified by contact with the plume material which decreases significantly the total strength of the slab and favours slab detachment. Interactions between the HIMU component and the shallower depleted mantle can account for the geochemical characteristics of the SEAV. Counterflows of plume material towards the top of the subducting slab may also increase heating and partial melting of the overrid ing mantle wedge, giving rise to the calc-alkaline suite outcropping in the proximity of the Periadriatic Lineament.

Introduction

The Alpine chain is the result of the convergence of a subducting lower plate, consisting of the Mesozoic ocean and the European passive continental margin, and the Adriatic continental upper plate (African promontory), that has occurred from Cretaceous time to present. The gradual closure of the ocean ended with the Adria-Europe collision in the Eocene [START_REF] Dal Piaz | Brevi riflessioni sul magmatismo post-ofiolitico nel quadro dell'evoluzione spazio-temporale delle Alpi[END_REF][START_REF] Dal Piaz | Geological outline of the Alps[END_REF][START_REF] Stampfli | Permo-Mesozoic evolution of the western Tethyan realm: the Neotethys/East-Mediterranean connection[END_REF].

The Alpine orogeny began in the eastern Austroalpine in Early-Mid Cretaceous, and subsequently involved the entire Alpine Tethys [START_REF] Dercourt | Geological evolution of the Tethys from the Atlantic to the Pamirs since the Lias[END_REF][START_REF] Von Blankenburg | Slab breakoff: a model for syncollisional magmatism and tectonics in the Alps[END_REF][START_REF] Schmid | Integrated cross section and tectonic evolution of the Alps along the eastern traverse. In: Results of NPR 20[END_REF][START_REF] Dal Piaz | Geological outline of the Alps[END_REF]. From the Late Cretaceous the orogeny extended from the western Austroalpine onwards and was related to the subduction of the Piedmont-Ligurian oceanic lithosphere underneath the Adriatic plate which culminated with the European and Adriatic plate collision at Eocene time [START_REF] Chopin | Coesite and pure pyrope in high-grade bluenshists of the western Alps: A first record and some consequences[END_REF][START_REF] Von Blankenburg | Slab breakoff: a model for syncollisional magmatism and tectonics in the Alps[END_REF][START_REF] Schmid | Integrated cross section and tectonic evolution of the Alps along the eastern traverse. In: Results of NPR 20[END_REF][START_REF] Dal Piaz | Geological outline of the Alps[END_REF].

At the end of the Eocene, the subducted complex was exhumed and experienced a new metamorphic imprint (Barrovian metamorphism) during late Eocene-early Oligocene (Mesoalpine phase; [START_REF] Frey | The new metamorphic map of the Alps: Schwez, Mineral[END_REF]. At this time, a post-collision calc-alkaline up to shoshonitic magmatism (plutons, volcanics and volcanoclasts) developed in the proximity of the Periadriatic Fault Lineament from the Aosta valley to Austria and Slovenia (Fig. 1; see Dal [START_REF] Dal Piaz | Calc-alkaline to ultrapotassic post-collisional volcanic activity in the Internal Northwestern Alps[END_REF][START_REF] Venturelli | Petrogenesis of calc-alkaline shoshonitic and associated ultrapotassic Oligocene volcanic rocks from the Northwestern Alps, Italy[END_REF][START_REF] Bellieni | The Cima di Vila (Zinsnock) Intrusion, Eastern Alps: evidence for crustal melting, acid-mafic magma mingling and wall-rock fluid effects[END_REF]Macera et al., 2003b). Although this event is mainly Oligocenic in age , some intrusives of the Adamello batholith (Re di Castello and Corno Alto plutons) are significantly older (42-39 Ma) [START_REF] Borsi | On the age of the Vedrette di Ries (Rieserferner) massif and its geodynamic significance[END_REF][START_REF] Del Moro | Rb/Sr and K/Ar chronology of the Adamello granitoids, Southern Alps[END_REF][START_REF] Hansmann | U-Pb ages on zircon from the Southern Adamello[END_REF][START_REF] Macera | A geochemical study on the acid and basic rocks of the Adamello batholith[END_REF].

On the other hand, a within-plate volcanism of Paleocene-Oligocene age took place in the Eastern Alps foreland (the Peri-Alpine domain), specifically on the Veneto region (cf.

the Periadriatic Lineament: the oldest products of the Adamello batholith (Re di Castello gabbros) were dated at 42 Ma [START_REF] Del Moro | Rb/Sr and K/Ar chronology of the Adamello granitoids, Southern Alps[END_REF].

The development of the two contrasting magmatic suites in the Alpine area, e.g. the orogenic, mainly felsic, calc-alkaline to shoshonitic suite of Eocene-Oligocene age which outcrops close to the Periadriatic Lineament, and the anorogenic mafic alkaline volcanic suite which developed discontinuously from late Paleocene to Oligocene (58-30 Ma) in the Perialpine area (South Eastern Alps Volcanics, SEAV) [START_REF] De | The Paleogene basalts of the Veneto Region (NE Italy)[END_REF][START_REF] Milani | Petrogenesis and evolution of the Euganean magmatic complex, Veneto Region, North-East Italy[END_REF][START_REF] Beccaluva | Tertiary nephelinite to tholeiite magma generation in the Veneto Volcanic Province, Southern Alps[END_REF]Macera et al., 2003a), is an intriguing feature of the Tertiary magmatism in the Alps. Besides, it is noticeable that concomitant occurrence of both subduction-related and within-plate magmas in the same tectonic environment dominated by collision processes is not a unique feature of this area (cf. e.g. [START_REF] Bonin | Do coeval mafic and felsic magmas in post-collisional to within-p late regimes necessarly imply two contrasting, mantle and crustal, sources? A review[END_REF], but represents a widespread phenomenon in the whole Mediterranean area during Tertiary-Quaternary time.

A progressive transition with time from calc-alkaline to Na-rich alkaline products has been noticed in many European and northern Africa centres, such as eastern and southern Spain, Sardinia, southern Italy, Romania, Pannonian Basin, Morocco, Tunisia, Turkey [START_REF] Szabo | Review of Neogene and Quaternary volcanism of the Carpathian-Pannonian region[END_REF]Downes et al., 1995a;Downes et al., 1995b;[START_REF] Dobosi | Late-Cenozoic alkalic basalt magmatism in northern Hungary and Slovakia: petrology, source compositions and relationship to tectonics[END_REF][START_REF] Cebria | Alkali basalts and leucitites in an extensional intracontinental plate setting: the late Cenozoic Calatrava Vo lcanic Province (central Spain)[END_REF][START_REF] Rosembaum | Multip le enrichment of the Carpathian-Pannonian mantle: Pb-Sr-Nd isotope and trace element constraints[END_REF][START_REF] El Bakkali | Post-collision neogene volcanism of the Eastern Rift (Morocco): magmatic evolution through time[END_REF][START_REF] Wilson | Tertiary-Quaternary magmatism within the Med iterranean and surrounding regions[END_REF][START_REF] Aldanmaz | Petrogenetic evolution of late Cenozoic, postcollis ion volcanism in western Anatolia, Turkey[END_REF][START_REF] Cebria | Geochemistry of the Quaternary alkali basalts of Garrotxa (NE Volcanic Province, Spain): a case of double enrichment of the mantle lithosphere[END_REF][START_REF] Harangi | Neogene to Quaternary Volcanism of the Carpathian-Pannonian Region -a review[END_REF][START_REF] Coulon | Post-collisional transition from calc-alkaline to alcaline volcanism during the Neogene in Oranie (Algeria): magmatic expression of a slab breakoff[END_REF][START_REF] Gasperini | Upwelling of deep mantle material through a plate window: evidence from the geochemistry of Italian basaltic volcanics[END_REF][START_REF] Duggen | Post-collisional transition from subduction-to intrap late-type magmatism in the westernmost Mediterranean: evidence for continentaledge delamination of subcontinental lithosphere[END_REF], where compressive phases alternated with tensional phases. The latter were responsible for the Cenozoic rift system of eastern and central Europe ("ECRIS"; [START_REF] Ziegler | European Cenozoic rift system[END_REF], as well as for the formation of new oceanic basins, such as the Alboran Sea, the Valencia Trough, the Algero-Liguro-Provencal and the Tyrrhenian basin, from early Eocene to late Miocene (see e.g. [START_REF] Docherty | Evidence for the eastward migration of the Alboran sea based on regional subsidence analyses: a case for basin formation by delamination of the subcrustal lithosphere?[END_REF][START_REF] Faccenna | Styles of back-arc extension in the central Mediterranean[END_REF].

The development of Na-rich alkaline basalts, typically HIMU-DMM, in most of the above-mentioned areas often affected by previous subduction episodes has been interpreted in different ways, i.e.: (i) occurrence of an extended low-velocity layer with common anomalous DMM-HIMU composition beneath Europe [START_REF] Wilson | Tertiary-Quaternary extension-related alkaline magmatism in western and central Europe[END_REF][START_REF] Hoernle | Seismic and geochemical evidence for large-scale mantle upwelling beneath the eastern Atlantic and western and central Europe[END_REF][START_REF] Jung | The major-and trace-element and isotope (Sr, Nd, O) geochemistry of Cenozoic alkaline rift-type volcanic rocks from the Rhon area (Central Germany): petrology, mantle source characteristics and implications for asthenosphere-lithosphere interactions[END_REF][START_REF] Harangi | Geochemistry and petrogenesis of Early Cretaceous alkaline igneous rocks in Central Europe: implications for a long-lived EAR-type mantle component beneath Europe[END_REF][START_REF] Gasperini | Where is the tail of the European plume volcanism?[END_REF], (ii) intrusion of hot mantle fingers beneath the rift areas [START_REF] Granet | Imaging a mantle plume beneath the Massif Central (France)[END_REF]Wilson and Patterson, 2002), (iii) upwelling of enriched asthenospheric mantle after the detachment of the subducted slab [START_REF] Keskin | Magma generation by slab steepening and breakoff beneath a subduction-accretion complex: an alternative model for collision-related volcanism in Eastern Anatolia, Turkey[END_REF][START_REF] Harangi | Origin of the common enriched mantle component in the Neogene volcanic rocks of the Mediterranean and the Carpathian-Pannonian region, 32nd International Geological Congress[END_REF], (iv) upwelling of a deep mantle component through a plate window generated after a slab breakoff [START_REF] Albarède | OIB-type magmas in subduction zones: mantle counterflow above detaching plates[END_REF][START_REF] Gasperini | Upwelling of deep mantle material through a plate window: evidence from the geochemistry of Italian basaltic volcanics[END_REF]Macera et al., 2003a). In the Veneto Volcanic Province, the occurrence of within-plate basalts of Tertiary age having HIMU-DMM signatures has been ascribed to upwelling of plume-like mantle diapirs taking place before the subducting slab crossed the upflow of plume material or, later on, through a plate window generated after Alpine slab breakoff (Macera et al., 2003a;[START_REF] Ranalli | Subduction of continental lithosphere, changes in negative buoyancy, and slab-plume interaction: consequences for slab breakoff[END_REF].

To check the latter suggestion and to examine the possible genetic relations between the two contrasting magma suites, we combine the geochemical and isotopic data (Sr, Nd and Pb) on the most primitive magmatic products belonging to the two suites with a semi-quantitative assessment of the rheological behaviour of an oceanic and partly continental slab during subduction. We present new geochemical data, estimate the time evolution of negative buoyancy of an initially mature slab subducting at a dip angle of 45° with two different subduction histories, evaluate the slab softening effect of contact with plume material, and estimate the likelihood and timing of the Alpine slab detachment. Most of the calc-alkaline samples are porphyritic trachy-basalts or trachy-andesites with plagioclase and hornblende as the main mineral phases. The groundmass is microcrystalline or crystalline. The alkaline dikes are fine-grained hypocrystalline or porphyritic basalts and basanites with scant amounts of glass. The groundmass is generally microcrystalline, with olivine, clinopyroxene and plagioclase being the main mineral phases. Nepheline and variable amounts of oxides may be also present. Major and trace element data on the mafic dikes from the two suites are shown in Table 1.

Sample description

Table 2 lists Sr and Nd isotope data for the same samples. These data are discussed together with geochemical and Sr-, Nd-and Pb-isotope data from the literature in order to obtain a more complete picture of Alpine magmatism.

Major element concentrations were determined by XRF at the University of Pisa Earth Sciences Department, following the analytical procedures of [START_REF] Franzini | Revisione di una metodologia analitica per fluorescenza-X, basata sulla correzione completa degli effetti di matrice[END_REF] and [START_REF] Leoni | X-ray fluorescence analysis of 29 trace elements in rock and mineral standards[END_REF], while trace element analyses were carried out at the C.R.P.G. in Nancy (Centre de Recherches Pétrographiques et Géochimiques, Service d'Analyse des Roches et des Mineraux du C.N.R.S. ; [START_REF] Alibert | The transition from alkali basalts to kimberlites: isotope and trace element evidence from melilitites[END_REF]. Precision for the trace element analyses is 5-20% at the 1 ppm level, 2-10% at the 10 ppm level, and 2-5% at the 100 ppm level. Ferrous/ferric iron ratios were determined by titration.Sr and Nd isotopic compositions were analyzed by the multi-collector Finnigan Mat 262 mass spectrometer at the I.G.G.-C.N.R. facility in Pisa (Istituto di Geoscienze e Georisorse del C.N.R., Pisa), following the elemental separation procedure of [START_REF] Clocchiatti | Assessment of a shallow magmatic system; the 1888-1890 eruption Volcano Island, Italy[END_REF].

Total procedural blanks for Sr and Nd were better than 2 ng. Sample to blank ratios for the two elements for all samples analyzed were >> 1000. Uncertainties reported on Sr and Nd measured isotope ratios are 2σ/n 1/2 analytical errors in the last decimal place, where n is the number of measured isotope ratios. 87 Sr/ 86 Sr of the NBS-987 Sr standard = 0.710226 ± 12 (n = 11); 143 Nd/ 144 Nd of the La Jolla Nd standard = 0.511855 ± 5 (n = 12). 87 Sr/ 86 Sr and 143 Nd/ 144 Nd were normalized for mass fractionation relative to 86 Sr/ 88 Sr = 0.1194 and 146 Nd/ 144 Nd = 0.7219, respectively.

Geochemical features of orogenic and anorogenic suites

The calc-alkaline magmas (TTG and dikes) from the western, central and eastern Alps share comparable geochemical patterns that are characterized by a progressive increase of the most incompatible elements and peculiar troughs at Nb, Ta, Ti, and peaks at Th, U, K and Pb (Fig. 2a). These patterns are typical of subduction-related magmas [START_REF] Thorpe | Relative roles of source composition, fractional crystallization in the petrogenesis of Andean volcanic rocks[END_REF][START_REF] Hickey | Multiple sources for basaltic arc rocks from the southern volcanic zone of the Andes (34°-41° S): Trace element and isotopic evidence for contribution from subducted oceanic crust, mantle and continental crust[END_REF]. Moreover, a different trace element enrichment among TTG and calc-alkaline dikes from the western, central and eastern Alps is highlighted in Fig. 2a. This variation in trace element abundances is associated to variable Light Rare Earth/Heavy Rare Earth element fractionations (5 < (La/Yb)n < 46) and can be related to different degrees and depths of partial melting of a heterogeneous mantle source [START_REF] Deutsch | Young Alpine dikes south of the Tauern Window (Austria): a K-Ar and Sr isotopic study[END_REF][START_REF] Bellieni | Geochemical and isotopic evidence for crystal fractionation, AFC and crustal anatexis in the genesis of the Rensen Plutonic Complex (Eastern Alps, Italy)[END_REF][START_REF] Bellieni | The Cima di Vila (Zinsnock) Intrusion, Eastern Alps: evidence for crustal melting, acid-mafic magma mingling and wall-rock fluid effects[END_REF][START_REF] Macera | The role of the lower crust on the genesis of mafic and fels ic rocks from the Adamello batholith (Southern Alps); geochemical and isotope (Sr-Nd) evidence[END_REF].

The SEAV (alkaline suite) show geochemical patterns typical of ocean island basalts (OIB), e.g. a progressive increase of the most incompatible trace elements up to Ta, negative spikes at Pb and a progressive decrease of the normalized-abundance from Nb to Cs (Fig. 2b).

These features are comparable to those of Tertiary-Quaternary HIMU-OIB basalts from the western Mediterranean area [START_REF] Gasperini | Where is the tail of the European plume volcanism?[END_REF][START_REF] Macera | Recent hot spot volcanism in the European and Mediterranean area[END_REF].

Additional evidence for the contrasting geochemical features of the alkaline and calcalkaline suites is provided by variations of incompatible element ratios and Sr-Nd-Pb isotope compositions. The most primitive Periadriatic magmas are characterized by incompatible element ratios that are quite similar to those of subduction-related lavas (VAB in Figs 2c,d,e).

By contrast, the SEAV show distinctly lower Rb/Nb, Zr/Nb, La/Nb and Th/Ta ratios, and higher Nb/U and Ta/Yb ratios than the Periadriatic intrusions and dikes (Figs. 2c,d,e), features that they share with the Mediterranean HIMU basalts. The relative contribution of a subduction-related versus a OIB-related component in the Alpine magmas is particularly evident in Figs. 2c and2d where, on average, Western Alps samples are characterized by the highest Th/Ta and the lowest Nb/U ratios (strongest subduction hallmark), and the SEAV by the lowest Th/Ta and highest Ta/Yb ratios (strongest HIMU hallmark). The SEAV also show higher initial ε Nd (+3.5 to +6.8) and 206 Pb/ 204 Pb (18.786 to 19.574), and lower 87 Sr/ 86 Sr (0.70298 to 0.70374) ratios than the Periadriatic magmas (ε Nd = +3.18 to -8.48, 206 Pb/ 204 Pb = 18.6490 to 18.7801, 87 Sr/ 86 Sr = 0.70389 to 0.71257; data from Macera et al., 2003a;Gasperini et al., 2006 and this work).

In Sr-Nd and Sr-Pb isotope space (Figs. 3 a,b) the two suites define a mixing trend, the two end members being the SEAV component and a continental crust component, namely the lower continental Calabrian crust (LCCC; data from [START_REF] Caggianelli | Lower crustal granite genesis connected with chemical fractionation in the continental crust of Calabria (Southern Italy)[END_REF]. Results obtained by performing mixing calculations [START_REF] Langmuir | A general mixing equation with application to Icelandic basalts[END_REF] on Sr, Nd and Pb isotopes support these hypotheses (details in Fig. 3). In particular, the most primitive basalts of SEAV show isotopic features that are compatible with a mixture of about 40% HIMU and 60% DMM.

Conversely, the isotope compositions of the more evolved magmas of both SEAV and Periadriatic magmatism can be obtained by variable proportions of this HIMU-DMM component and the LCCC component. The choice of Calabrian-type lower crust as a potential end member of the alkaline and calc-alkaline magma mixing in the Alpine area derives from geological and geochemical considerations. The lower Calabrian crust corresponds to the base of the highest nappe of the Cretaceous-Paleogene pile [START_REF] Del Moro | Tectonic structure and post-Hercynian evolution of the Serre, Calabrian arc, Southern Italy: geological, petrological and radiometric evidence[END_REF] which according to many authors can be considered as an extension of the Alps [START_REF] Alvarez | A former continuation of the Alps[END_REF][START_REF] Amodio-Morelli | L'arco calabro-peloritano nell'orogene Appenninico-Maghrebide[END_REF][START_REF] Bonardi | Mineralizzazioni dell'arco calabro-peloritano. Ipotesi genetiche e quadro evolutivo[END_REF].

In summary, SEAV isotope characteristics are compatible with a mixture of a diluted HIMU-DMM component with a maximum of 10% of LCCC material, likely occurred during the magma ascent; by contrast those of the Periadriatic magmas are compatible with a mixture of the SEAV component with approximately 10%, up to 60% of LCCC (for mixing parameters, see caption of Fig. 3).

Relationships between alkaline and calc-alkaline magmas

The occurrence of subduction-and plume-related (OIB) magmas in the same collisional environment such as the Alpine domain during the Tertiary has important geodynamic implications.

At present, there is no indication of a hot spot under the South-Eastern Alps. Seismic tomographic data show a low-velocity anomaly in the upper mantle extending down to 400 km, while flat-lying high-velocity material is found in the mantle transition zone [START_REF] Piromallo | How deep can we find the traces of Alpine subduction?[END_REF]. This material is interpreted as the Paleogene subducted lithosphere, detached by an event occurring around 35-30 Ma [START_REF] Piromallo | How deep can we find the traces of Alpine subduction?[END_REF]. By contrast, the low-velocity anomaly has been ascribed to mantle upwelling of possibly deep origin (Macera et al., 2003a). This scenario is only a working hypothesis for within-plate volcanic centres showing small eruption volumes, discontinuous magma production, and lack of welldefined hotspot tracks. Nevertheless, the possibility of occurrence of several weaker and smaller plumes, in addition to major hotspot centres, lately has gained increasing consensus (i.e. Dalrymple et al., 1987;[START_REF] Malamud | How many plumes are there? Earth Planet[END_REF][START_REF] Davis | The Line Is lands revised: new 40Ar/39Ar geochronologic evidence for episodes of volcanism due to lithospheric extension[END_REF]. Several studies based on tomographic images and geochemical data proposed the existence of small intracontinental magmatic fields fed by mantle upwelling. An interesting example is given by the numerous Cenozoic volcanic centres of central Europe for which an origin from a series of individual diapir-like mantle upwelling has been suggested, rising either from the top of a continuous layer (fossil plume-head?) within the upper mantle [START_REF] Wilson | Tertiary-Quaternary extension-related alkaline magmatism in western and central Europe[END_REF][START_REF] Granet | Imaging a mantle plume beneath the Massif Central (France)[END_REF][START_REF] Hoernle | Seismic and geochemical evidence for large-scale mantle upwelling beneath the eastern Atlantic and western and central Europe[END_REF][START_REF] Vaselli | Ultramafic xenoliths in Plio-Pleistocene alkali basalts from the Eastern Transylvanian Basin: depleted mantle enriched by vein metasomatism[END_REF][START_REF] Rosembaum | Multip le enrichment of the Carpathian-Pannonian mantle: Pb-Sr-Nd isotope and trace element constraints[END_REF][START_REF] Jung | The major-and trace-element and isotope (Sr, Nd, O) geochemistry of Cenozoic alkaline rift-type volcanic rocks from the Rhon area (Central Germany): petrology, mantle source characteristics and implications for asthenosphere-lithosphere interactions[END_REF] or from a deeper mantle reservoir [START_REF] Goes | A lower mantle source for central European volcanism[END_REF][START_REF] Ritter | A mantle plume below the Eifel volcanic fields, Germany[END_REF]. In this context, the SEAV could represent the shallow expression of mantle upflow. A detailed 10 discussion on a possible plume-related origin for the upper mantle low-velocity anomaly under the SEAV region is given in Macera et al. (2003a).

In addition, recent studies on Tertiary-Quaternary alkaline basalts from the eastern Atlantic (Serra de Monchique-Mt. Ormonde, Madeira, Canary and Cape Verde Islands), northern Africa (Morocco, Algeria, Tunisia), and central Europe (French Massif Central in France, Rhon and Eifel in Germany, Stiria and Burgenland in Austria, Silesia in Poland, Nògrad in Czech Republic, Buda Mts in Hungary, Etna and Iblean in Italy) seem to indicate a common mantle reservoir with a typical DMM-HIMU geochemical signature beneath the entire area [START_REF] Hoernle | Seismic and geochemical evidence for large-scale mantle upwelling beneath the eastern Atlantic and western and central Europe[END_REF][START_REF] Gasperini | Where is the tail of the European plume volcanism?[END_REF], Macera et al., 2004). Such a reservoir has been interpreted as the head of a mantle plume whose tail may be located in correspondence of the Cape Verde-Madeira-Canary Islands region [START_REF] Gasperini | Where is the tail of the European plume volcanism?[END_REF], Macera et al., 2004). Based on geochemical, geological and geophysical data, [START_REF] Gasperini | Where is the tail of the European plume volcanism?[END_REF], Macera et al. (2004) suggested that the large-scale swell of the plume was frayed by the Eurasian plate while the latter was moving towards the northeast, and that plume material has been trapped in the sublithospheric mantle by flat-lying detached slabs above the transition zone. At different points in time, local extensional tectonics and slab detachment may favor plume-related volcanism, even in areas dominated by plate convergence and subduction.

Models for slab detachment

Slab detachment and upwelling of sub-litospheric enriched mantle material through a plate window may be a plausible mechanism for plume-related magmatism in subduction zones and for the relatively concomitant occurrence of alkaline and calc-alkaline magmas in the same region, as already proposed by several authors [START_REF] El Bakkali | Post-collision neogene volcanism of the Eastern Rift (Morocco): magmatic evolution through time[END_REF][START_REF] Aldanmaz | Petrogenetic evolution of late Cenozoic, postcollis ion volcanism in western Anatolia, Turkey[END_REF][START_REF] Albarède | OIB-type magmas in subduction zones: mantle counterflow above detaching plates[END_REF][START_REF] Coulon | Post-collisional transition from calc-alkaline to alcaline volcanism during the Neogene in Oranie (Algeria): magmatic expression of a slab breakoff[END_REF][START_REF] Keskin | Magma generation by slab steepening and breakoff beneath a subduction-accretion complex: an alternative model for collision-related volcanism in Eastern Anatolia, Turkey[END_REF][START_REF] Harangi | Origin of the common enriched mantle component in the Neogene volcanic rocks of the Mediterranean and the Carpathian-Pannonian region, 32nd International Geological Congress[END_REF]. Other models to account for the transition from subduction-related to intraplate-type magmatism in post-collisional environments such as the western Mediterranean in the Miocene-Pliocene invoke continental edge delamination of the subducting lithospheric slab and subsequent upwelling of plume-contaminated sub-lithospheric mantle [START_REF] Duggen | Post-collisional transition from subduction-to intrap late-type magmatism in the westernmost Mediterranean: evidence for continentaledge delamination of subcontinental lithosphere[END_REF]. This model, however, cannot be applied in our case because the initiation of intraplate-type magmatism predates the calc-alkaline magmatism.

In the present case, the geochemical characteristics of SEAV have been attributed to blobs of deep mantle material (the HIMU component) which rose through a lithospheric gap, attained shallower depths, and triggered partial melting of both the plume component by adiabatic decompression and the surrounding asthenospheric mantle, giving rise to the HIMU-DMM lavas of SEAV (Macera et al., 2003a). Alternatively, the SEAV could have been generated by local upwelling of the HIMU-DMM plume head, at present located in the upper mantle above the transition zone, after slab detachment. Counterflows of plume material may also have swerved to the top of the subducting slab and conductively heated the overriding mantle wedge to the point of favouring partial melting in it and subsequent mixing of magmas, as suggested by Sr-, Nd-and Pb-isotope variations in Figs. 3a,b.

A slab breakoff event in the Alpine area was first proposed by Dal Piaz and Gosso (1994; see also von [START_REF] Von Blankenburg | Slab breakoff: a model for syncollisional magmatism and tectonics in the Alps[END_REF][START_REF] Marchant | Subduction of continental crust in the Western Alps[END_REF] to explain the genesis of the Periadriatic magmatism, and it is in agreement with the rapid uplift of HP (highpressure) mantle wedge material and the variation of the thermal regime in the western Alps since the late Eocene [START_REF] Dal Piaz | Tertiary age and paleostructural inferences of the eclogitic imprint in the Austroalp ine outliers and Zermatt-Saas ophiolite, western Alps[END_REF]2003). Moreover, [START_REF] Piromallo | How deep can we find the traces of Alpine subduction?[END_REF] presented further evidence for European slab breakoff through a combined tomographic study of the mantle beneath the Alpine area, geological evidence, and plate kinematics.

To test the likelihood and timing of breakoff of the European slab, we estimate the time evolution of negative buoyancy of a subducting slab, and evaluate the slab softening effect of contact with plume material. Only a few test-cases are shown to provide first-order constraints for the relevant processes and an assessment of the hypothesis that slab breakoff and type of magmatism may be related. Several quantitative models of slab breakoff exist (cf. e.g. Wong A Ton and Wortel, 1997; Van de Zedde and Wortel, 2001;[START_REF] Gerya | Thermomechanical modelling of slab detachment[END_REF]), but they do not take into account the softening effect of slab-plume interaction.

The model is an adaptation of that presented in [START_REF] Ranalli | Time dependence of negative buoyancy and the subduction of continental lithosphere[END_REF] and [START_REF] Mahatsente | Time evolution of negative buoyancy of an oceanic slab subducting with varying velocity[END_REF], where subduction of an oceanic slab is modelled ab initio. Mass, momentum, and energy conservation equations are solved for a slab and surrounding mantle subject to kinematic boundary conditions (time-dependent subduction rate, subduction dip angle, and initial temperature distribution of subducting slab). The temperature within the slab (the result of combined advection and diffusion) is obtained as a function of time since the beginning of subduction. The time-dependent density anomalies within the slab are computed from the temperature distribution at each time step, taking into account phase transitions and their estimated displacement within the slab. The total buoyancy is obtained from the density anomalies by integration (for details see [START_REF] Mahatsente | Time evolution of negative buoyancy of an oceanic slab subducting with varying velocity[END_REF]. This model has been extended to subduction of continental lithosphere [START_REF] Ranalli | Continental subduction and exhumation: an example from the Ulten Unit, Tonale Nappe, Eastern Austroalpine[END_REF], assuming that continental material arrives at the subduction zone at a specified time after the beginning of subduction. The resulting total buoyancy (algebraic sum of negative thermal buoyancy due to temperature anomalies, positive and negative buoyancies related to phase changes, and positive compositional buoyancy of the continental crust) is obtained as a function of time since the beginning of subduction.

Figs. 4 and5 show the time evolution of negative buoyancy for an initially mature (age > 50 Ma) slab subducting at a dip angle of 45 o with two different subduction histories. The oceanic lithosphere is assumed to consist of a 7-km thick crust overlying a 93-km thick lithospheric mantle; the continental lithosphere consists of a 35-km thick crust overlying a 65km thick mantle lid. The width of the passive continental margin (the distance over which the crust changes from oceanic to continental thickness) is taken as 150 km. For constant subduction rate (Figs. 4a-c), the negative buoyancy of an oceanic slab tends to an asymptotic value of 3.0x10 13 to 5.5x10 13 N m -1 (larger for faster subduction rates) as the slab reaches the bottom of the mantle transition zone (the further small increase in the lower mantle is neglected since it is very poorly constrained). Subduction of continental material is assumed to begin when the tip of the oceanic slab has reached the bottom of the mantle transition zone, i. e., approximately 19, 27, and 37 Ma after the initiation of subduction for the chosen velocities.

If eclogitization of the continental crust does not take place, subduction of continental material decreases the overall buoyancy at a rate proportional to the subduction rate, and reduces it to negligible values in approximately 10 to 20 Ma.

For time-dependent subduction rates (increasing exponentially during the first 5 Ma, constant at a peak value for the following 15

Ma, then decreasing exponentially over 12 Ma, and zero afterwards; Figs. 5a-c), the maximum negative buoyancy of an oceanic slab (in the range 2.5x10 13 to 4.5x10 13 N m -1 ) is reached 5-10

Ma after the rate has begun decreasing. This is a consequence of the interplay between the mechanical characteristic time (depending on the subduction rate) and the thermal characteristic time (depending on the rate of heat diffusion). Subduction of continental material, assumed in this case to begin 20 Ma after the initiation of subduction independent of the peak subduction rate, reduces by about 10 Ma the time required to bring the overall buoyancy to negligible values.

The geometry for the calculation of the plume effect is shown in Fig. 6. A timedependent subduction rate with peak velocity 3.5 cm a -1 (see Fig. 5b) is adopted. The slab is 100 km thick, dips at an angle of 45 o , and has an overall downdip length of 600 km (measured on its lower boundary from the bending point). Continental crust is assumed to have been subducted to point C, corresponding to a downdip length of 300 km measured from the bending point. In terms of depth, the tip of the slab has reached a depth of ~ 525 km, and the continental material a depth of ~ 240 km. Subduction of continental material to depths of this order is mechanically feasible [START_REF] Ranalli | Time dependence of negative buoyancy and the subduction of continental lithosphere[END_REF] and is proven by the occurrence of tectonically exhumed ultra-high pressure rocks (see e.g. [START_REF] Chopin | Ultrahigh pressure metamorphism: tracing continental crust into the mantle[END_REF]. The plume head is assumed to be in contact with the lower boundary of the slab between points P 1 and P 2 , that is, in the 140-280 km depth range. Plume heads could be both wider and narrower than this, according to whether one deals with a full plume or with a more localized mantle diapir.

However, the width of the plume is not an important factor in the present first-order model, as the total strength of the slab is estimated along 1-D profiles across the slab above the plume head.

The temperature distribution within the slab at the beginning of slab-plume interaction is obtained from the thermal models of [START_REF] Mahatsente | Time evolution of negative buoyancy of an oceanic slab subducting with varying velocity[END_REF] and [START_REF] Ranalli | Continental subduction and exhumation: an example from the Ulten Unit, Tonale Nappe, Eastern Austroalpine[END_REF].

The plume head is assumed to be at T = 1900 K, that is, approximately 300 K hotter than the surrounding mantle. No relative motion is assumed to occur between slab and plume head, i. e., interaction begins when the subduction rate has become negligible. The plume head modifies the thermal evolution of the slab above it and decreases its strength. In order to model the thermal effect of the plume, the heat transfer equation is solved with the finite-difference code SHEMAT [START_REF] Clauser | Numerical S imulation of Reactive Flow in Hot Aquifers[END_REF]. Values of the parameters used in the thermal and rheological calculations are shown in Table 3. The chosen values are in the range usually adopted in geodynamic modelling (cf. e. g. [START_REF] Ranalli | Rheology of the Earth[END_REF]. The choice of constant thermal conductivity and capacity for each layer (continental crust, oceanic crust, and lithospheric mantle) introduces an error which is negligible in comparison with other uncertainties related to model assumptions and rheological parameters (the latter are discussed in the next paragraph). Two cases have been chosen as representative of relatively "cold" and "hot" subduction, the terms denoting the initial temperature distribution within the slab at the time of arrival of the plume.

In the first case, the plume arrives 28 Ma after the initiation of subduction, when the slab is still relatively cold; in the second case, 37 Ma after the initiation of subduction, when the slab has had more time to equilibrate with the surrounding mantle. While the results of the model are purely indicative, these two cases have been chosen as possibly bracketing a range of real situations. The time-dependent temperature distribution within the slab for the first 20 Ma after the beginning of slab-plume interaction is shown in Fig. 7. The effect of the plume is considerably larger in the "cold" case, where the temperature within the slab above the centre of the plume is reduced by up to ~ 300 K in 10 Ma. The effect would be correspondingly larger if slab-plume interaction occurred at shallower depth.

The strength of the slab above the plume is a function of its thermal state, and is estimated separately for its oceanic and continental parts (see Fig. 6 for location of profiles), as a function of time after initial contact with the plume. In the calculations, the oceanic part of the slab is assumed to consist of a 7 km thick crust (modelled with the rheology of dolerite), the continental part of a 30 km thick crust (modelled with the rheology of anorthosite), both overlying the lithospheric mantle for a total thickness of 100 km. The mantle is modelled with the rheology of dry peridotite, as deduced by a recent study of [START_REF] Gasperini | Petrology and Sr-Nd-Pb-O isotope composition of mantle xenoliths from the Veneto Volcanic Province (North-eastern Italy)[END_REF] on ultramafic xenoliths from the Veneto Volcanic Province. Three rheological regimes are considered: (i) Coulomb frictional failure (Byerlee's law) which, however, is never predominant at the relevant temperatures; (ii) high-pressure failure [START_REF] Shimada | Lithosphere strength inferred from fracture strength of rocks at high confining pressures and temperatures[END_REF] with a strength of 200 MPa, which is predominant for the first few million years in the mantle part of the continental profile in the "cold" case; and (iii) non-linear viscosity (power-law creep; strain rate 10 -14 s -1 ) which is always predominant except where high-pressure failure applies. At any given point within the slab, the predominant mechanism is the one resulting in the lowest strength. We first estimate rheological profiles (strength envelopes; cf. Ranalli, 1995, for details) in the oceanic and continental parts of the slab above the plume head at different times since the arrival of the plume, then we obtain the total strength by integration of rheological profiles across the thickness of the slab.

The evolution of total strength along continental and oceanic profiles overlying the plume head for both "cold" and "hot" slabs is shown in Fig. 8 as a function of time since the arrival of the plume. The decrease in total strength is the combined effect of thermal equilibration of the slab relative to the surrounding mantle and heat diffusion from the plume head. The relative importance of these two components is discussed in Sect. 6.2. In the "cold" case, the total strength of the continental part is higher than that of the oceanic part for approximately the first 10 Ma. This (and the shape of the curve) is due to the fact that the lithospheric mantle underlying the continental crust is relatively cold and consequently in the high-pressure failure regime. The continental total strength decreases by one order of magnitude in about 10 Ma, and afterwards becomes less than the oceanic total strength. In the "hot" case, both continental and oceanic strengths are more than one order of magnitude lower, and the continental strength is always lower than the oceanic strength. The significance of these results will be discussed in the following section.

Considerations on timing and depth of slab detachment

Effects of changes in negative buoyancy

Thermomechanical models of slab detachment (cf. e.g. Wong A Ton and Wortel, 1997;

Van de Zedde and Wortel, 2001;[START_REF] Gerya | Thermomechanical modelling of slab detachment[END_REF] show that the timing and depth of detachment can vary greatly according to the controlling parameters. Van de Zedde and Wortel The subduction of continental crust causes a decrease in negative buoyancy which generates tensional forces within the slab near the continent/ocean transition (Davies and von Blankenburg, 1995). These forces may lead to early slab breakoff. However, at least in cases where geological evidence shows that subducted continental material has been subject to UHP (ultra-high pressure) metamorphism, breakoff cannot have occurred in the very early stages of continental subduction (see [START_REF] Chopin | Ultrahigh pressure metamorphism: tracing continental crust into the mantle[END_REF], for a review of UHP metamorphism of continental crust).

For constant subduction rates, the negative buoyancy begins decreasing significantly within a few million years after the arrival of the leading edge of continental crust at the trench, and is reduced to about half its peak value in ~ 10-15 Ma (see Fig. 4). This range does not change significantly in the case of time-dependent subduction rate (Fig. 5), which shows that the main factor affecting total buoyancy is the positive buoyancy of continental material.

Therefore, assuming that the likelihood of slab breakoff (other conditions being equal) is higher for larger negative buoyancies, the most favorable time interval for breakoff, for subduction velocities of a few cm a -1 , is within 10-15 Ma after the arrival of continental material at the trench. Detachment should occur, as proposed by [START_REF] Von Blankenburg | Slab breakoff: a model for syncollisional magmatism and tectonics in the Alps[END_REF] near the leading edge of continental material.

Effects of an impinging plume on slab strength

The time evolution of negative buoyancy alone does not allow more accurate predictions, since the actual time and depth of breakoff for a given slab depend on a balance between integrated stresses acting on the slab and total strength. The former is affected not only by buoyancy but also by dynamic interactions between the slab and surrounding mantle; the latter is a function of temperature and the rheology of the slab. Assuming that detachment has not yet occurred, the plume head modifies the thermal evolution of the slab above it (see Fig. 7) and decreases its strength. The resulting rheological profiles across the slab, taken near the continent/ocean transition, result in the total slab strengths shown in Fig. 8 as functions of time since the arrival of the plume.

The decrease in slab strength caused by thermal diffusion from the plume head in the first 10 Ma amounts to ~ 40-60% for "hot" slabs, and 60-80% for "cold" slabs (see Fig. 8; note, however, that the initial strength is one order of magnitude lower in the former case).

This can be compared with the decrease in total strength of a stationary slab not interacting with a plume. Using the same procedure to compute temperature and strength, we find that in the case of a "hot" slab, the total strengths of the oceanic and continental profiles above the plume 10 Ma since plume arrival are reduced to approximately 2/3 and 1/2 of the values they would have in the absence of a plume, respectively. The corresponding values in the case of a "cold" slab are 1/2 and 1/3, respectively. Furthermore, the magnitude of the decrease for the "cold" case is larger, due to the higher initial values of total strength. Plume-induced heating is therefore a significant process.

Although a "hot" slab has total strength about one order of magnitude less than a "cold" slab (Fig. 8), its negative buoyancy is correspondingly less (Fig. 5). After ~ 10 Ma since the arrival of the plume, the total strength of the slab has decreased considerably (almost one order of magnitude under "cold" conditions) and relatively stabilized. If plume-induced slab detachment is favored by a combination of significantly reduced total strength and still significant negative buoyancy, it is likely to occur in relatively cold slabs within a time window approximately 10-15 Ma after the arrival of the plume. The actual timing depends on several other factors (subduction rate, slab thickness, subduction dip angle, depth of slabplume interaction), which however should not significantly change the above estimate.

In the cold case, the continental side of the slab is stronger than the oceanic side for approximately the first 10 Ma after the arrival of the plume. This fact and the rapid decrease of continental strength are a consequence of the relatively low temperatures of the continental mantle part of the slab, and the consequent high-pressure failure rheological regime. After 10 Ma, continental and oceanic strengths are not significantly different. Consequently, under typical "cold" conditions (fast subduction rates, short residence times), slab breakoff -if it does not occur on the oceanic side within the first 10 Ma -will probably occur at a position depending on the location of the plume. Under "hot" conditions (slow subduction velocities, long residence times), on the other hand, the continental side of the slab is always weaker than the oceanic side. In this case detachment, if mechanically feasible, should occur on the continental side.

Proposed petrogenetic model

In the light of geochemical and geophysical results we propose the following scenario (Fig. 9), which may serve as a working hypothesis for further more detailed work:

• During Paleocene time (~ 60 Ma) the HIMU-OIB magmatism of the SEAV was able to manifest itself, as the upflow from the mantle encountered no obstacle.

• About 10 Ma later, the magmatic activity was stopped by the arrival of the lithospheric slab which trapped the ascending plume material.

• After approximately a further 10 Ma, (i.e. ~ 45-40 Ma) the slab reached the conditions for its detachment.

• After detachment and opening of a plate window, mantle plume upwelling gave rise to the HIMU-DMM volcanism. Some of the plume material above the subducting slab provided further heating of the overriding mantle wedge to the point of promoting partial melting. The basic calc-alkaline magmas mixed with the HIMU-DMM component as suggested by isotopic data.

• Underplating by these basic magmas at the mantle-crust interface favoured partial melting of the lower crust with production of the TTG felsic suite of the Periadriatic Lineament. In this context it is important to note that the peak of alkaline magmatism in the Perialpine area (SEAV, ca. 45 Ma ago) preceded by only a few million years the calc-alkaline Periadriatic magmatism (ca. 42 Ma, age of Adamello gabbros).

Conclusions

Plume-related volcanism in subduction zones is possible either before the subducted slab intercepts mantle plumes, or after slab breakoff. Detachment is favoured by relatively fast subduction rates, subduction of continental material, and mantle plume upwelling. Negative buoyancy reaches its peak value within about 10 Ma after the decrease in subducion rate and/or the arrival of continental material at the trench, depending on subduction rate and history. If the slab comes into contact with a plume head, its total strength is reduced significantly in comparison to simple thermal relaxation. Under typical "cold" conditions (fast subduction velocities, short residence times), the total strength of the slab is reduced by almost one order of magnitude in about 10 Ma.

The above considerations provide a framework for the occurrence of plume-related and calc-alkaline magmatism in the southeastern Alps and probably in other similar tectonic settings such as the Central Europe Magmatic Province. Upwelling of mantle diapirs through a plate window generated by slab detachment provide a petrogenetic model for the presence of mantle plume material in convergent settings which is compatible with geochemical evidence and first-order geodynamic modeling. element-spider diagrams for the Periadriatic magmas (data from [START_REF] Bellieni | Geochemical and isotopic evidence for crystal fractionation, AFC and crustal anatexis in the genesis of the Rensen Plutonic Complex (Eastern Alps, Italy)[END_REF][START_REF] Bellieni | The Cima di Vila (Zinsnock) Intrusion, Eastern Alps: evidence for crustal melting, acid-mafic magma mingling and wall-rock fluid effects[END_REF]Macera et al., unpublished, 2006, and Mixing relationships between SEAV and a lower continental crust [START_REF] Caggianelli | Lower crustal granite genesis connected with chemical fractionation in the continental crust of Calabria (Southern Italy)[END_REF], have been checked by performing mixing calculations [START_REF] Langmuir | A general mixing equation with application to Icelandic basalts[END_REF] [START_REF] Caggianelli | Lower crustal granite genesis connected with chemical fractionation in the continental crust of Calabria (Southern Italy)[END_REF]. On the mixing lines, black dots and relative labels correspond to different proportions of (a) the HIMU component in the HIMU-DMM mixing, and (b) the crustal component in the HIMU-DMM-crust mixing (in this case, the mixture HIMU-DMM is fixed at 40-60%, respectively. See text for further details). Sr and Nd isotope data for SEAV and Periadriatic magmatism from Macera et al. (2003a), [START_REF] Gasperini | Petrology and Sr-Nd-Pb-O isotope composition of mantle xenoliths from the Veneto Volcanic Province (North-eastern Italy)[END_REF], and this work;

Pb isotope data from [START_REF] Juteau | The Pb-Sr-Nd isotope geochemistry of some recent circummediterranean granites[END_REF], [START_REF] Bellieni | The Cima di Vila (Zinsnock) Intrusion, Eastern Alps: evidence for crustal melting, acid-mafic magma mingling and wall-rock fluid effects[END_REF], [START_REF] Barth | U-Th-Pb systematics of morphologically characterized zircon and allanite; a high resolution isotopic study of the Alp ine Rensen pluton (northern Italy)[END_REF]Macera et al. (2003a). . Thermal evolution of a slab (with geometry as in Fig. 6) as a function of time since contact with the plume material. The vertical coordinate is the thickness of the slab; the horizontal coordinate is its downdip length measured along its lower boundary (both in metres). See text for discussion of conditions in the "cold" and "hot" case. and is represented as a red area/arrow below the lithospheric plate(s) in each portrait.
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Table 1. -Major and trace element composition for calc-alkaline and alkaline dikes from the Central and Eastern Alps. 
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  2001), for instance, predict mid-lithospheric detachment depths. On the other hand,[START_REF] Gerya | Thermomechanical modelling of slab detachment[END_REF] predict that detachment of an oceanic slab can occur ~ 10 Ma after the cessation of subduction if the slab is thin (~ 50 km), but requires times ≥ 30 Ma for slabs with thickness > 80 km. The depth of detachment varies between ~ 100 and 250 km. Consequently, influx of deep material can occur within 10-30 Ma from the cessation of subduction.

A

  c c e p t e d M a n u s c r i p t 20

Fig. 1 .

 1 Fig.1. Sketch map of the Alpine chain(after Dal Piaz et al., 1988) showing the main Periadriatic intrusive bodies and dikes (in black: 1, Traversella; 2, Biella; 3, Novate; 4, Bergell; 5, Adamello; 6, Gran Zebrù-Val della Mare-Lago Verde; 7, Rumo-Samoclevo; 8, northern Bressanone; 9, Rensen-Monte Alto; 10, Cima di Villa; 11, Vedrette di Ries; 12-15, eastern lamellae and apophyses), volcanic centres(16, Marostica Hills; 17, Mts. Lessini; 18, Mts. Berici, 19, Euganean Hills), and the sampled areas (in light grey: (A) Ortler-Cevedale and Ulten, Central Alps; Rabby, Sole and Rendena Valleys, western branch of the Judicarian Line;(B) Sarca and Adige Valleys, south of the Judicarian Line).

Fig. 2 :

 2 Fig. 2: (a) Primitive mantle-normalized (GERM, http://www.earthref.org/) incompatible

  this work), and (b) SEAV (data fromMacera et al., 2003a, and this work); (c) Th/Yb vs Ta/Yb ratios, (d) Rb/Nb vs Nb/U ratios, and (e) Zr/Nb vs La/Nb ratios for SEAV along with data for Mediterranean HIMU basalts and volcanic arc basalts (from http://georoc.mpch-mainz.gwdg.de/Start.asp). Most of SEAV show incompatible element ratios similar to Mediterranean HIMU basalts. Field of VAB and within-plate basalts from[START_REF] Peccerillo | Plio-Quaternary magmatism in Italy[END_REF][START_REF] Peccerillo | Plio-Quaternary magmatism in Italy[END_REF].

Fig. 3 .

 3 Fig. 3. (a) Sr-Nd and (b) Sr-Pb isotope variation for SEAV and Periadriatic magmas.

Fig. 4 .

 4 Fig. 4. Time evolution of negative buoyancy since the initiation of subduction for three constant suduction rates (a, b, c). The full line shows the negative buoyancy of a completely oceanic slab; the dotted line shows the negative buoyancy of an initially oceanic slab in which continental material begins to be subducted when the tip of the slab has reached the bottom of the mantle transition zone. See text for details.

Fig. 5 .

 5 Fig. 5. Time evolution of negative buoyancy for three time-dependent subduction rates with different peak values (a, b, c). Rates increase exponentially during the first 5 Ma, stay constant at the peak value for the next 15 Ma, then decrease exponentially during the following 12 Ma. Full and dotted lines as in Fig. 4. Continental material begins to be subducted when the subduction rate begins to decrease (20 Ma).

Fig. 6 .

 6 Fig.6. Geometry of thermorheological model of oceanic-continental slab in contact with a plume head. See text for details.

Fig. 7

 7 Fig. 7. Thermal evolution of a slab (with geometry as in Fig.6) as a function of time

Fig. 8 .

 8 Fig. 8. Variation of the total strength of a "cold" and a "hot" slab above the plume head as a function of time elapsed since contact with the plume. The strength of the continental part is denoted by S c (full line); that of the oceanic part by S o (dashed line). See fig. 6 for location of continental and oceanic profiles.

Fig. 9 .

 9 Fig. 9. Scenario for slab-plume interaction in Alpine belt evolution and magma genesis in the Tertiary. Mantle plume upwelling is likely active since the Paleocene (about 65 Ma ago)

Figure 9 (

 9 Figure 1(Macera et al.) 

  

  on Sr, Nd and Pb isotopes. The most primitive basalts of SEAV show isotopic features that are compatible with a mixture of about 40% HIMU and 60% DMM. Variable proportions of this HIMU-DMM component and a continental crust-derived end-member can account for the isotopic variability of most of the investigated magmas. SEAV isotope peculiarities are compatible with a mixture of a diluted HIMU component with a maximum of 10% lower continental crust in their mantle source, while those of the Periadriatic magmatism may reflect 10-60% anatexis of the lower continental crust. Geochemical data for HIMU-DMM and the Calabrian lower continental crust are arithmetic average values calculated on the GEOROC database (http://georoc.mpch-mainz.gwdg.de/Start.asp) and from[START_REF] Caggianelli | Lower crustal granite genesis connected with chemical fractionation in the continental crust of Calabria (Southern Italy)[END_REF], respectively. DMM: 87 Sr/ 86 Sr = 0.7030; 143 Nd/ 144 Nd = 0.51330; 206 Pb/ 204 Pb = 18.00; Sr = 137 ppm; Nd = 11.6 ppm; Pb = 2 ppm; HIMU: 87 Sr/ 86 Sr = 0.70285; 143 Nd/ 144 Nd = 0.51285; 206 Pb/ 204 Pb =

	21.00; Sr = 376 ppm; Nd = 49.2 ppm; Pb = 3 ppm; Calabrian crust: 87 Sr/ 86 Sr = 0.71681;
	143 Nd/ 144 Nd = 0.51201; 206 Pb/ 204 Pb = 18.358; Sr = 239 ppm. For the Calabrian lower crust, Nd
	(32.4-61.4 ppm) and Pb (7-29 ppm) concentrations chosen to calculate mixing relationships
	fall within the range of variation for this component (Pb = 1.5-29.0 ppm; Nd = 5.2-61.4;

Table 2 .

 2 -Sr and Nd isotope compositions for the most primitive dikes from the Central and Eastern Alps.

Table 3 .

 3 -Thermal and rheological parameters used in the modelling of slab-plume interaction (results shown in Figs.7 and 8). Symbols: K…thermal conductivity; C…thermal capacity; A…pre-exponential creep parameter; n…stress exponent; E…creep activation energy (the last three refer to the power-law creep equation).

Table 1 .

 1 Ma jor and trace element composition for calc-alkaline and alka line dykes from Central and Eastern Alps

	Calc-alkaline rocks

Table 2 .

 2 Sr and Nd isotope compositions for the most primitive dikes from central and eastern Alps.

	Sample	Rb	Sr	87 Rb/	86 Sr	87 Sr/ 86 Sr±2σ	87 Sr/ 86 Sri	Sm	Nd	147 Sm/ 144 Nd	143 Nd / 144 Nd±2σ	143 Nd/ 144 Ndi	εNdi
	Calc-alkaline rocks a											
	FP239	155	1080	0.41	0.707631±7 0.70745 10.2	52.8	0.12	0.512318±12	0.51230	-6.69
	FP53	156	791	0.57	0.708047±6 0.70781 8.28	41.9	0.12	0.512446±6	0.51242	-4.19
	FP40	147	903	0.47	0. 707601±6 0.70741 7.82	38.6	0.12	0.512444±7	0.51242	-4.25
	FP16	166	540	0.89	0.707590±6 0.70721 8.06	36.6	0.13	0.512460±8	0.51243	-3.98
	FP94	34.4	295	0.34	0.706017±8 0.70587 2.91	11.1	0.16	0.512675±7	0.51264	0.12
	FP21	48.4	352	0.40	0.710593±11 0.71042 5.16	21.6	0.14	0.512599±7	0.51257	-1.31
	FP461	48.4	406	0.35	0.712606±8 0.71245 4.41	22.9	0.12	0.512317±8	0.51229	-6.71
	FP460	46.9	431	0.32	0.710175±9 0.71004 4.00	18.1	0.13	0.512373±6	0.51235	-5.68
	FP456 FP415	8.54 70.5	751 424	0.03 0.48	0.708199±6 0.70819 5.48 0.709596±7 0.70939 5.34	23.5 28.3	0.14 0.11	0.512534±11 0.512372±10	0.51251 0.51235	-2.57 -5.62
	FP297	88.3	851	0.30	0.707449±7 0.70732 14.5	89.9	0.10	0.512542±9	0.51252	-2.24
	FP350	74.7	959	0.23	0.705233±8 0.70514 3.84	22.9	0.10	0.512515±8	0.51250	-2.79
	FP360	36.7	587	0.18	0.707611±7 0.70753 9.90	52.2	0.12	0.512577±7	0.51256	-1.62
	FP549	94.5	675	0.41	0.706597±8 0.70643 5.98	31.6	0.11	0.512331±13	0.51231	-6.42
	Alkaline rocks b											
	K7	22.4	1120	0.06	0.703282±6 0.70325 13.8	72.2	0.12	0.512935±6	0.51291	5.21
	K8	40.0	1247	0.09	0.703226±7 0.70317 12.4	65.7	0.11	0.512924±6	0.51289	4.99
	K11	20.7	427	0.14	0.703823±8 0.70374 5.57	25.0	0.14	0.512853±10	0.51282	3.51
	K55-1	17.3	1099	0.05	0.703285±6 0.70326 13.8	77.7	0.11	0.512918±9	0.51289	4.91
	K56-1	36.8	996	0.11	0.703486±9 0.70343 9.39	47.3	0.12	0.512975±5	0.51294	5.96
	K57-1	39.8	563	0.20	0.703466±6 0.70335 11.2	51.6	0.13	0.513004±8	0.51297	6.47
	K62-1	35.2	676	0.15	0.703692±6 0.70361 11.0	61.2	0.11	0.512906±1	0.51288	4.68
	K70-1	26.8	749	0.10	0.703285±6 0.70323 9.12	44.4	0.12	0.512940±9	0.51291	5.26
	53C	10.5	687	0.04	0.703184±8 0.70316 13.9	75.8	0.11	0.512896±12	0.51286	4.40
	54B	21.1	1291	0.05	0.703263±6 0.70326 13.3	70.4	0.11	0.512922±1	0.51289	4.88
	67	48.3	1103	0.13	0.703134±6 0.70305 12.1	61.6	0.12	0.512956±7	0.51292	5.52
	96	33.3	1135	0.08	0.703033±6 0.70298 10.9	60.7	0.11	0.512939±8	0.51291	5.25
	113	48.2	1067	0.13	0.703239±6 0.70316 12.1	60.7	0.12	0.512928±6	0.51289	4.97
	a 30-32 Ma old,	b 40-45 Ma old											
	Rb, Sr, Sm and Nd are in ppm											

Table
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