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Statement of problem – A key question when a stratovolcano becomes restless is will the eruption be large and explosive, or small and of moderate consequence?  This question is difficult to answer, in part because, although many studies have been conducted of the products of large eruptions, few have investigated in close detail the events and deposits that preceded those eruptions.  By examining such precursory deposits, it may be possible to interpret what, if anything, would have signaled that the volcano was building to a major explosive eruption. Several opportunities exist in the Cascades to develop this approach.  These include tephra deposits between two large early Holocene dacitic pumice falls from Glacier Peak, tephras and lava flows beneath and between the widespread Y, P, and W tephras from Mount St. Helens (each constituting multiple lobes probably representing multiple eruptive events), lava flows and tephras preceding the 7700 yr. B.P. caldera-forming eruption of Mt. Mazama (Crater Lake), and multiple tephra sequences at Newberry volcano.  Tephras may also underlie the large, early-Holocene Red Banks pumice fall from Mt. Shasta.  Close petrologic – geochemical - geochronologic examination of these precursory deposits would be aimed at assessing the durations over which shallow magma bodies accumulated, the depths of those reservoirs, and what aspects changed to produce the subsequent large explosive eruption.  Application of advanced 14C and uranium-series dating methods, and modeling of chemical diffusion profiles in minerals, can produce a precise chronology of events, potentially including pre-eruptive magma residence times. These results may be combined to develop a mechanistic model of the shallow accumulation of magma over time, and its eventual explosive eruption, useful for interpreting future unrest at potentially hazardous volcanoes.

Objectives – To improve the ability to anticipate the magnitude and style of an impending volcanic eruption though the development of case histories of the build-up to major pre-historic explosive events.

Work strategy – Tephra and lava sections shortly preceding major eruptions would be characterized, dated, and sampled in detail to develop a precise chronology of events, and would be studied by geochemical methods (whole-rock, mineral, glass, melt inclusion, isotopic, experimental) to identify the depths, temperatures, and durations of magma storage and the arrival of new magma batches leading to the major eruptive event(s).  Success would depend on a multi-disciplinary group of researchers with skills in field-volcanologic and laboratory analytical methods, as well as access to advanced facilities (electron-probe, ion-probe, experimental).  Case studies would be developed to search for commonalities and differences between centers (storage depths, durations and magnitudes of precursory events).  A by-product of this work would be much more complete evaluations of Holocene eruptive frequency and style.

Relevance and impact – Results would provide a quantitative, mechanistic basis for anticipating potentially explosive eruptions at restless volcanoes.   Although focused on the Cascades, results would have general application to hazardous volcanoes of convergent margin arcs.

Partnerships – Opportunities could be developed to collaborate with NSF-funded academics to support Ph.D. students working on selected topics/areas.  Other partners include NPS, USFS, and state geological surveys.

