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1) Summary 
Magma input in the deep supply system is the early signal of a possible reactivation of the whole plumbing system. The multidisciplinary workshop held in Pisa has been aimed at developing synergies between complementary expertise in order to identify and quantify origin, volume and duration of mafic magma movement from the mantle to the surface, and the interaction of the ascending melt with crustal reservoirs and crystal mush.
2) Description of the scientific content of and discussions at the event
Input of mafic liquids at depth has been recognized as triggers of the reactivation of shallow magmatic reservoirs. In Europe, all recent eruptive crises (Etna, Eyjafjallajökull, El Hierro, Stromboli paroxysms) have been triggered by the ascent of a basaltic magma interacting variously with crustal magma bodies. In this context, magma input in the deep supply system is the early signal of a possible reactivation of the whole plumbing system. As a consequence, understanding how magma transfers from depth is pivotal to recognize long-mid term precursors of a volcanic unrest. 
Geophysical and geodetic methods have been traditionally employed to detail the nature and the structure of the crust beneath volcanoes. The recent development of tomographic methods or sophisticated models for data inversions allowed a much more detailed knowledge of the volcanic plumbing systems, including the deep portions. Similarly, large recent development of analytical and experimental facilities provided information on composition and texture at different scales from the bulk rocks, to single mineral zones down to micrometric melt inclusion, allowing a formidable advance of the knowledge on how magma evolves during ascent. These two distinct points of view of the volcanic processes have been only rarely merged to produce an integrated view on how the plumbing system of an active volcano works. Even in well-monitored, well-known volcanoes several reasons have inhibited this combined approach. For example geophysical and geodetic monitoring tools have provided a variety of information, but the interpretation of signals as magma movement and/or as interaction of magma with host rocks are not trivial since it is still more difficult to relate monitoring data uniquely to the movement of a specific magma batch or to a single magmatic process. Difficulties further increase if we consider the lower part of the plumbing system. In fact, geophysical or geodetic signals derived from the deep dynamics of the volcano are quite often affected by uncertainty due to unavoidable limitations like the network geometry (e.g. volcano islands) or external noise.
On the other hand, intensive thermodynamic variables (e.g. pressure, temperature, volatile content and composition), pertaining to magmatic environments that melts experience during the ascent, are recorded in the texture and composition of erupted products and can be read with petrologic and physical volcanology methods. Most of these parameters are derived assuming equilibrium conditions and ignoring the kinetics of the processes. Thus the temporal information that can work as “sync-signal” between petrological and geophysical records, is substantially lacking.
Only in the lasts two decades, the “re-discovery” of the kinetics in the magmatic processes has allowed us to obtain robust and precise estimation of timescales, allowing correlation between different signals. Such new petrological techniques include multi-element diffusion chronometry, crystal size distributions, and measurements of short-lived isotopes.
Therefore, combination of geophysical and geodetic signals with constraints derived from petrologic studies could provide by itself a tremendous added value in the understanding of magma dynamics and ascent mechanism within a volcano plumbing system. However, this knowledge is not yet sufficient and, in order to substantially improve our forecasting capability, we need to add information on eruptive style and eruptive scenarios.  This information is derived by physical volcanology studies that, on the basis of field studies, physical characterization of the deposits of past eruptions, direct observations during eruptive crises or historical accounts and numerical modelling, are able to provide data on magnitude and intensity of the eruption and eruptive dynamics
[image: image1.png]The workshop has been organised in order to test the capability and discuss the state-of-the art of different disciplines and methods, such as geophysics, gas-geochemistry, petrology, structural geology and physical volcanology and numerical and analog modeling to understand and to track magma movement and evolution in the plumbing system of volcanoes. The workshop has also served to identify and develop synergies between complementary expertise, toward the unique objective of quantifying the origins, volumes, pathways and durations of magma movement from the mantle to the surface. Such pooling together of complementary skills has important implications for the monitoring strategies, risk mitigation and will also provide hints for a generalised model on how volcanoes work.
The workshop was aimed at addressing these specific issues: 
· definition of mechanisms, time scales and periodicities of deep magma supply; 
· definition of rates and magma volume transfer between different regions of the volcanic system; 
· characterization of mechanisms of interactions between magmas/host rock within the intermediate storage system and during the ascent to the eruptive system;
· interaction of the ascending mafic magma with crustal bodies of more evolved magma and crystal mush;
· definition of relationship between the above processes and the eruptive style, magnitude and intensity of eruptions, eruptive scenarios and associated hazard; 
· recognition of possible precursors and improvement of monitoring actions. 
The workshop lasted two and half days . The first day and a half was dedicated to a series of keynote presentations aimed at reporting:
· the present-day knowledge of volcanic systems of well monitored European volcanoes (Iceland, Canary, La Reunion, Etna, Stromboli) as derived by interpretation of data collected by different disciplines during recent volcanic crises, or resulting by geological and petrological investigations carried out on deposits of past eruptions;
· recent advancements of analytical methodologies, laboratory experiments, modeling strategies 
· future directions on the comprehension of the magma dynamics within the lithosphere.
At the end of these keynote presentations (second day late morning) participants (Annex 4b) were also split up into two groups broadly based on disciplines including:
· Physical volcanology, Petrology and Gas geochemistry
· Geophysics and Modeling
These two groups met together for brainstorming sessions focused on the close examination of discipline related views about the following key questions selected by the organising committee:
1. What is plumbing system ? How do different disciplines differ in their definition of the plumbing system ?
2. What is the mechanism of magma transport, and specifically the role of the gas phase? 
3. What signals originate in which parts of the plumbing system? Can we detect deep magma inputs?
4. How do we determine the rate of magma transfer, crystallization, and degassing through the plumbing system
The second day ended with a plenary session in which answers of different disciplines were illustrated, compared, and discussed. 
During the third day the two groups reassembled again for a plenary interdisciplinary brainstroming session dedicated to answers to the following questions
5. What is the coupling between deep, shallow and surface processes ? 
6. What are the controls of the different parts of the system on (internal) eruption triggering and regime transitions? 
The workshop ended with a general discussion on how to summarise and disseminate the results of the sessions and how to involve the whole volcanological community and possible stakeholders.
3) Assessment of the results and impact of the event on the future directions of the field
This workshop has been an important occasion for a multidisciplinary discussion, which many people felt the need for.  A further elaboration of the arguments that were debated will be summarized and reported, after another round of exchange between participants, in a document of consent to be submitted to the Bulletin of Volcanology.
We report here some general considerations that will have an impact on the future directions of the volcanological community:
1. Discussion and integration between results, obtained with different methods, yield a enormous advancement in the comprehension of how magmatic systems work. Single disciplines are able to produce important tiles that should indeed be adequately assembled in order to generate coherent images of the plumbing systems and of the magma dynamics.
2. Multidisciplinary monitoring of active volcanoes and studies of past eruptions are key factors in order to get detailed images of the different elements of the plumbing systems in term of physical parameters (magmatic environments), geometries and possible connections.  They also provide information on magmatic and volcanic processes and their temporal evolution. This has significant implications for the knowledge of single volcanoes and related hazards and also contributes toward the formulation of generalized models on how volcanoes work. In this perspective the outcomes of this workshop can, in principle, provide a useful contribution to the philosophical question about uniqueness vs. commonality of volcanic processes, recently raised within the volcanological community (see Cashman, K. and J. Biggs (2014). Common processes at unique volcanoes—a volcanological conundrum, 1–4. doi:10.3389/feart.2014.00028/abstract).

3. It emerged from the discussions that for all the research fields the quantity and quality of collected data, robustness and validations of models, play a fundamental role. In particular for most research fields the spatial and temporal resolution and the multiple scales of the observations are the most critical aspects. We expect that technological and methodological advancements underpinning data production will be further encouraged and pursued.
Annexes 
4a – Programme of the meeting
	February 4th, 2015

	From
	To
	Activity
	Speakers

	8:45
	9:00
	Welcome Logistic
	

	9:00
	9:20
	Petrological and geochemical perspectives on recent eruptions in Iceland
	Sigmarsson

	9:20
	9:40
	Geophysical and geological constraints of El Hierro 2011-2012 eruption
	Blanco

	9:40
	10:00
	Recent eruptions of Piton de la Fournaise
	Di Muro

	10:00
	10:20
	Etna and Stromboli - Plumbing System and eruptive styles
	Pompilio

	10:20
	10:50
	Coffee Break
	 

	10:50
	11:20
	Magma ponding, degassing and eruption dynamics. Fluid and melt inclusions: interest and limits
	Metrich

	11:20
	11:50
	Inside the conduit: An experimental perspective
	Pichavant

	11:50
	12:20
	From deep to shallow. Isotopes (U-series, micro Sr) as tracers of deep recharges, residence times and crystal-mush recycling
	Avanzinelli

	12:20
	12:50
	Time scales of magma storage and ascent
	Chakraborty

	12:50
	14:15
	Lunch
	 

	14:15
	14:45
	Interaction between deep mafic magmas and silicic systems
	Bachmann

	14:45
	15:00
	The contribution of noble gases geochemistry to track the magma dynamics in volcanic environments
	Martelli

	15:00
	15:25
	Geophysical features of recent volcanic eruptions in Iceland
	Vogfjör

	15:25
	15:50
	Anticipating volcanic eruptions at Etna volcano: seismological constraints
	Cocina/Patanè

	15:50
	16:10
	Methods for tracking magma movements from deformation with applications to Piton de la Fournaise and RDC volcanoes
	Cayol

	16:10
	16:30
	Coffee Break
	 

	16:30
	16:55
	Deformation and plumbing system (Etna)
	Bonforte

	16:55
	17:15
	Deformation and plumbing system (Afar)
	Pagli

	17:15
	17:35
	Physical controls of magma storage in the crust: insight from analogue experiments
	Menand

	17:35
	18:00
	The interaction of dikes with crustal inhomogeneities, with faults and with magma chambers
	Rivalta

	18:00
	18:20
	Influence of disequilibrium crystallization and degassing during magma ascent in effusive and explosive eruptions: a numerical study
	de' Michieli Vitturi


	February 5th, 2015

	From
	To
	Activity

	9:00
	9:15
	Logistic

	9:15
	10:30
	Thematic Group Formation+Preliminary Discussion

	10:30
	11:00
	Coffee Break

	11:00
	13:00
	Thematic Group

	13:00
	14:00
	Lunch

	14:00
	15:00
	Sum up of Thematic Group moderators

	15:00
	16:30
	Mixed Group

	16:30
	16:50
	Coffee Break

	16:50
	18:00
	Sum up of Mixed Group

	 
	 
	 

	20:00
	Social dinner


	February 6th, 2015

	From
	To
	Activity

	9:00
	11:00
	Interdisciplinary discussion

	11:00
	11:20
	Coffee Break

	11:20
	13:30
	Summary and final discussion

	13:30
	14:30
	Lunch
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