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In the Ivrea-Verbano Zone (Italy/Switzerland) a complete transect through the lower crust is exposed. Its geological evolution has been controlled by large underplating of mantle-derived mafic magmas (the “Mafic complex”, MC) into the high-grade basement of the Southern Alps. The MC is composed of both enriched gabbro-norites of Permian age and MORB-like tholeiitic gabbros of Triassic age. The host basement comprises migmatitic paragneisses and intercalated mafic rocks both metamorphosed at amphibolite to granulite facies conditions in Permian time. Several peridotite bodies with different petrology, degree of depletion, metasomatic overprint as well as pipe-like bodies of alkaline clinopyroxenite and gabbro occur widespread within the mafic complex, often related to oligoclasite veins as well as syenite and carbonate-dykes. The geological significance of such carbonate-dykes is still a matter of debate and their formation has been imputed to tectonic extrusion, melting of crustal carbonate or immiscibility from alkali-rich melts.
In this study, we present preliminary results of petrological, geochemical and geochronological investigations on different carbonate-dykes and associated alkaline rocks. Carbonate-dykes occur: i) within the Mafic complex as up to 40 meter thick isolated dykes which bear meter-sized clinopyroxenite enclaves different from the host mafic rocks or ii) as dykes associated to alkaline UM-mafic bodies. The architecture of such bodies define a concentric-zoned structure and is characterized by metasomatised peridotite cores surrounded by phlogopite-amphibole-bearing clinopyroxenite, (garnet) hornblendite and garnet-clinopyroxene gabbro or clinopyroxene leucogabbro. Core peridotites display different metasomatic features such as amphibole, apatite or chromitite-rich layers, phlogopite veins or pockets and diffuse carbonate-bearing wehrlite zones, suggesting that they were infiltrated by alkaline, CO2-rich melts. Carbonate-dykes, together with oligoclasite veins and (nepheline) syenite-dykes, cut across UM-mafic rocks and contain leucocratic, feldspar-rich enclaves.

Carbonate-dykes show an enrichment of LREE over HREE ((La/Yb)N = 12-14), with Σ REE = 85-200 ppm and Y/Ho = 25-33. On the chondrite-normalized REE abundances diagram, no or only weak negative Eu anomaly is observed. Mantle-normalized pattern shows strong negative anomalies at Cs, Rb, K, Nb, Ta, P, Zr, Hf and Ti and positive Ba, Th, U, Pb, Sr, Nd anomalies, similarly to the “world average carbonatite” composition. Absolute trace element concentrations are lower than average carbonatites but higher than in limestone and similar to typical cumulate carbonatites. Pyroxenite (XMg = 0.70-0.86) and hornblendite (XMg = 0.48-0.63) from the UM-mafic bodies are nepheline-normative. Grt-cpx gabbro (XMg = 0.56) are enriched in LREE over HREE and display positive anomalies at Rb, Ba, K, Pb, Sr, whereas the cpx leucogabbro (XMg = 0.51) is richer in Na2O and display a trace element pattern similar to carbonate-dykes, with positive Ba, Th, U and negative Rb, Hf, Zr, Ti anomalies, suggesting a genetic link between these two rock types.
Zircons separated from one carbonate-dyke are faint-zoned, present low REE and U concentrations and display a Th/U ranging between 0.35 and 1.37. On the chondrite-normalized REE diagram, no Eu and Ce anomalies are observable. Zircon U-Pb dating by laser ablation yielded an age of 186.7 ± 2 Ma, which is interpreted as the intrusion age of the dyke. 

Field observations including cross cutting relationships, metasomatic contacts, ﬂuidal texture, chilled margins and occurrence of enclaves often different from the host rocks indicate that the carbonate-dykes experienced a magmatic stage, excluding tectonic extrusion as forming mechanism. The Jurassic magmatic age, the spatial association of carbonate-dykes with alkaline UM-mafic rocks and oligoclasite and syenite, together with geochemical features explained above, all suggest that carbonate-dykes from the Ivrea-Verbano Zone may be Jurassic carbonatites genetically associated to alkaline UM-mafic intrusive complexes. Further geochronological and geochemical investigations on other carbonate-dykes and related alkaline rocks as well as trace element composition of the most important minerals such as olivine, clinopyroxene, amphibole and phlogopite will give clues on the validity of this working hypothesis.
