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Statement of problem:  Fundamental to interpreting seismicity, deformation and volcanic gases during volcanic unrest and eruption - essential for forecasting the potential size, style and duration of an impending eruption - is delineating the size, location, and character of magma reservoirs.  Character involves the amount, composition, and spatial distribution of melt, crystals, and gas bubbles, whereas size and location encompass depth, total volume, and aspect ratio.  Seismic P-wave tomography shows mid-to-upper crustal low velocity anomalies beneath Mt. St Helens and Mt. Rainier, but images are of insufficient resolution and type (vP/vS lacking) to distinguish magma from hot, fluid-bearing rock.  Available results admit the possibility that shallow magma bodies are small (<3 km3) beneath those volcanoes, but this conflicts with observations from Mount St. Helens where volumes erupted in single (prehistoric) events can exceed this or, as in the case of the current eruption, where models built on geodetic and geochemical data suggest a magma reservoir of 15 to 20 km3.   Geophysical surveys at the mid-ocean ridges have been considerably more successful at imaging magma reservoirs due to the ability to collect closely spaced data from active sources over wide areas, and because of the strong coupling of seismic energy between water and the sea floor.  The success of the marine surveys is encouraging and suggests that with adaptations similar approaches could be applied to subaerial or partly emergent arc volcanoes.

Objectives – Improve forecasts of the potential size, eruptive style and duration of hazardous volcanic eruptions, by measurements of magma reservoir depth, size, and character. 

Work strategy – Sponsor a workshop, or series of workshops, to connect the USGS and academic communities working on imaging magma storage in submarine and subaerial settings.  From these discussions, select a target arc volcano optimal for imaging the mid-to-upper crustal magma reservoir system.  This may be a partly submarine edifice (Mt. St. Augustine, Alaska, Santorini, Greece; Rabaul, Papua New Guinea) where established marine geophysical methods could be applied.  Lessons learned from the target volcano could then be adapted and applied to subaerial settings such as at Mount St. Helens.

Relevance and impact – Public officials, private companies, and the public rely on the USGS’ ability to forecast eruptive activity in order to prevent loss of life and to minimize economic impacts associated with evacuations, area closures, mitigating measures such as draw downs of reservoirs behind dams, and the general uncertainties associated with size and duration of eruptive activity.   Understanding the dimensions of storage areas will lead to better forecasts for the nearly 170 active volcanoes throughout the United States.

Partnerships – Opportunities could be developed to support M.S. and Ph.D students working on data acquisition, reduction and interpretation, in collaboration with NSF funded academic projects.  Other partners include Federal land managers (either NPS or USFS), state geological surveys, and marine science institutions (Woods Hole, Scripps, Lamont).

