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1. Purpose of the project
The idea behind the project was to define the pre-eruptive P, T, XH2O conditions and of the depths of the storage of magma for some key-volcanoes of the Azores islands, as a clue for the reading of volcanic risk in the archipelago. A master thesis (L.Creon) supervised and funded by N. Métrich (Institut de Physique du Globe de Paris - IPGP) provided preliminary data. 

The selected material chosen for this study were glassy inclusions from olivines contained in basaltic lavas erupted in recent times by the fissure zone of Pico Island.

A preliminary search of suitable material in the central volcanoes of the island of São Miguel did not provide suitable material to perform also their analyses, due to the lack of exposures of mafic rocks and/or the presence of glassy inclusions of suitable size in host minerals. 

The main goals of the study were: 

· To discover the condition for the storage of magma at depth, crystallization and evolution;

· To define the volatile budget available prior to the eruption; 

· To calculate the composition and the water content of the magma source;

· To evaluate the relationship existing between the geochemical characteristics of the trapped melt and the evolution process.
In addition to these immediate scientific purposes, the project involved the establishment of a stable partnership between the visiting researcher (Vittorio Zanon) and the host structure (IPGP), aimed at sharing of information, laboratory experiences and analytical methods on scientific objectives of common interest.

2. Description of the work carried out and main results 

Olivines, clinopyroxenes and plagioclases, preliminarily separated from bulk rock by heavy liquids, were polished on both sizes to check the presence of fluid and melt inclusions at the microscope. 

Fluid inclusions have been measured by means of a Linkam THMS600 heating/freezing stage with manual controller of temperature. During this period, a student of Licence (L3-ISTEP) was co-supervised by the visiting researcher during sample preparation and fluid inclusions measurements, in the Laboratories of the Géologie des Systèmes Volcaniques group.

The micro-texture of fluid inclusions and their composition allowed to define the late stage condition of magma ponding in terms of pressure of trapped fluid. The least re-equilibrated secondary inclusions from various samples show a maximum fluid pressure of 4.3 - 5.3 kbar, corresponding to depths between 15.5 and 19 km, which are not particularly different from the average value of a larger set of fluid inclusions from other eruptive vents of the same volcanic system (Zanon & Frezzotti, submitted). No further ponding steps have been found at shallow depths. These depths were interpreted to represent a main discontinuity in the shallower lithosphere, acting as density filter and allowing magma storage, underplating and the ultimate crystallization with the formation of ultramafic crystal residua.

Major element compositions were measured on mineral phases and melt inclusions by means of a Cameca SX5 electron probe (Camparis, Jussieu, France). Selected melt inclusions of suitable size have also been analyzed for trace element composition by LA-ICP-MS at Laboratoire Magmas et Volcans (Clermont Ferrand, France), making use of an Agilent 7500 ICP-MS, coupled to a 193 ArF eximer laser.

All these analyses revealed that studied bulk rock compositions were affected either by some degree of fractional crystallization, or by process of clinopyroxene and/or olivine accumulation. 

Compositions of melt inclusions trapped in olivine Fo<79 evolved by fractional crystallization of mafic phases (plus some plagioclase). Compositions trapped in olivine Fo>79 are more primitive and not affected by evolutive processes. The limit of Fo79 represents the passage from megacryst to phenocryst and thus from deep crystallization conditions to sub-Moho magma ponding and crystallization.

The volatile content (H2O and CO2) was analyzed in doubly-exposed and polished melt inclusions by means of a Nicolet Magna IR 550 spectrometer equipped with a Globar source, an MCT/A detector cooled with liquid nitrogen at the Istitut de Geophisique du Globe, Paris. The equipment detected a wide range of water content (i.e. (0.8 – 2 wt%). Many melt inclusions showed more than 30% water loss, as indicative of proton diffusion through host olivine network or magma mixing or CO2 fluxing. 

As commonly observed in basaltic systems CO2 and H2O do not follow a trend of equilibrium degassing under open and closed-systems (VolatileCalc, Newman & Lowenstern, 2002).

The geochemistry of primitive melt inclusions is on average compatible with low degrees of melting in presence of residual garnet (i.e. La/Yb ~15, Tb/Yb ~0.42). Some compositions, characterized by trace elements composition and volatile content similar to enriched MORBs, however indicate higher melting degrees, to resemble those typical of MORBs, but similar depths of melting (i.e. at the spinel-garnet transition).

The general geochemical characteristics of these analysed melt inclusions strengthen the idea of a heterogeneous source rocks beneath the island of Pico due to multiple processes, which occurred since 1.2 Ga.

All these results have already been discussed in detail with M. Moreira (IPGP), A. Hildenbrand (Univ. Paris-Sud), F.O. Marques (Univ. Lisbon, Portugal) during a meeting held on the 15th of March. 

3. Other achieved results and cooperation

During this period a scientific collaboration with Estelle Rose-Koga (Laboratoire Magmas et Volcans - Clermont Ferrand) were created, for the next analysis of lead isotope ratios in situ, on melt inclusions, through ion probe. A project proposal with the details of this new idea was written and is now ready for a forthcoming call by the Fundação para a Ciência e Tecnologia (Portugal).

It is also important to highlight that there have been exchanges of information on different methods of sample preparation (materials and procedures). The opportunity to prepare samples in one way rather than another was discussed along with various staff working in the laboratories of the research group Géologie des Systèmes Volcaniques at IPGP. 

At the same time, the researcher has provided technical and scientific assistance to the petrographic analysis by optical microscope to PhD students working in the group, and participated also in seminars and conferences on topics related to petrology and geochemistry of magmatic systems.

4. Projected publications

An article entitled “will be soon submitted to Journal of Petrology with a detailed description of these data and a deeper discussion.
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