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Introduction

As part of the planned volcano hazard assessment by the Yellowstone Volcano Observatory (YVO), we plan to undertake reconnaissance fieldwork to assess the potential for hydrothermal explosions in the geothermal basins of Yellowstone National Park.  This would include limited sampling of thermal waters and gases, monitoring of water temperatures and compositions and some careful inspection of hydrothermal explosion deposits.  Though we do not plan to collect rock samples at this stage of our work, it is possible that a few small samples would be needed for chemical analysis and  inspection with a petrographic microscope.

Volcano Hazard Assessment

One of the primary short-term focuses of the newly created Yellowstone Volcano Observatory (YVO) is to undertake a volcano hazard assessment for Yellowstone National Park.  The assessment would summarize information on past volcanic, seismic and geothermal activity within the region and would relate probabilities for renewed activity in the region.  


Volcanic eruptions represent events where magma from deep within the earth is able to vent at the earth’s surface, either as lava flows or as fragmental, vesicular tephra.  The erupted material can be dispersed tens to thousands of kilometers from the vent.  Hydrothermal explosions are eruptions where instabilities in hot groundwater systems cause the water to catastrophically boil, causing the host rock to break apart and be thrown into the air.   Typically, the blasts form a deposit that extends less than 1 km from the vent.  Based on the geologic record, volcanic eruptions at Yellowstone appear to be high-risk, low probability events.  In contrast, hydrothermal explosions are much more common, and thus higher probability, but their impact is local.  Any hazard assessment for Yellowstone must include both magmatic and hydrothermal eruptions and explosions.  

Past Work
Though hundreds of papers have focussed on the Yellowstone geothermal system,  only a few have discussed the geology of hydrothermal explosion deposits.  During the 1970’s USGS scientists Don White, Patrick Muffler, Bob Fournier, Robert Christiansen and Alfred Truesdell undertook a comprehensive study of the geology and geochemistry of Yellowstone National Park (White et al., 1975; Fournier, 1989; Christiansen, 2001).  Muffler and colleagues (Muffler et al., 1971) studied several hydrothermal explosion deposits apparently formed during the retreat of the glaciers about 12,000 years ago. They developed models to explain the instability of the geyser/hot spring systems that could allow the host rocks to be disrupted and ejected into the air.  Fournier et al. (1991) provided a conceptual model of the instabilities associated with explosions at Yellowstone thermal features.
More recently, Lisa Morgan (USGS Denver) and colleagues have found a number of hydrothermal explosion deposits within and adjacent to Lake Yellowstone.  Their observations, combined with geochronology and geochemical data have provided new insights regarding the history of hydrothermal explosions at Yellowstone.
Hazard Assessment
The three of us plan to visit a number of hydrothermal explosion deposits around the park during ten days in September 2002.  Patrick Muffler, who worked for 20 years at Yellowstone, will introduce Lowenstern and Mastin to the geology of the explosion deposits.  Mastin will work as part of the Hazard Assessment Team to run numerical simulations of hydrothermal explosions.  Lowenstern will synthesize results from previous studies and collaborate with Muffler, Morgan, Mastin and others to provide a comprehensive data base of past hydrothermal explosions and their impact on the Yellowstone region.

Geochemical Monitoring

The Yellowstone Volcano Observatory has installed continuous monitoring capabilities for seismic and geodetic activity.  The persistent rise and fall of the resurgent Sour Creek and Mallard Lake domes has often been linked to processes within the hydrothermal system.  Uplift at Yellowstone may not be due to magma intrusion, but could be caused by fluid transport, boiling and other processes within the hot-water system closer to the surface.  Unfortunately, YVO has little ability to monitor changes in the hydrothermal system.  This is because measurement of any individual hot springs or geysers may have only limited relevance to the hydrothermal system as a whole.  The only “whole-system” monitoring of the park is by Irving Friedman, who monitors chloride flux issued from the main rivers and streams (e.g., Friedman and Norton, 2000). In the future, we hope to develop methods to look at gas flux from the park, both in a localized manner and over the entire region.  One could monitor, CO2, H2S or other gases of interest.  Part of this September’s effort would be to familiarize our group with the issues relevant to gas-flux monitoring and to plan future efforts.

Summary
We plan ten days of reconnaissance at the hot-springs basins of Yellowstone National Park.  Our work will help us plan for the upcoming hazard assessment and to identify potential methods for use in monitoring the chemical and thermal flux from the Yellowstone hydrothermal system.

References

Christiansen, R.L., 2001, The Quaternary and Pliocene Yellowstone Plateau Volcanic Field of Wyoming, Idaho, and Montana: U.S. Geological Survey Professional Paper 729-G, 146 p.

Fournier, R.O., 1989, Geochemistry and dynamics of the Yellowstone National Park hydrothermal system, Wyoming: Annual Review of Earth and Planetary Sciences, v. 17, p. 13-53.

Fournier, R.O., Thompson, J.M., Cunningham, C.G., and Hutchinson, R.A., 1991, Conditions leading to a recent small hydrothermal explosion at Yellowstone National Park: Geological Society of America Bulletin, v. 103, p. 1114-1120.

Friedman, I., and Norton, D.R., 2000, Data used for calculating chloride flux out of Yellowstone National Park  for the water years 1983-1999: U.S. Geological Survey Open-File Report 00-0194,  48 p.

Muffler, L.J.P., White, D.E., and Truesdell, A.H., 1971, Hydrothermal explosion craters in Yellowstone National Park, Wyoming: U.S. Geological Society of America Bulletin, v. 82, p. 723-740.

White, D.E., Fournier, R.O., Muffler, L.P.J., and Truesdell, A.H., 1979, Physical results of research drilling in thermal areas of Yellowstone National Park, Wyoming: U.S. Geological Survey Professional Paper 892, 70 p.
