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Volcanic debris flows are extremely dangerous natural phenomena that begin as slope failures high on volcanoes and surge for many tens of kilometers down surrounding river valleys.  Many such events are linked to the presence of hydrothermally altered rocks, which serve to weaken volcanic edifices, and to produce clay-rich mudflows that can travel especially long distances.  This project has evaluated EO-1 and Terra remote sensing data for mapping altered rocks that represent potential debris flow source areas.  The project also has developed several new strategies for utilizing remote sensing information in debris flow hazard studies. 

Project achievements:

1). Evaluation of Hyperion data for mapping altered volcanic rocks, including comparisons with AVIRIS data.

A primary activity in the project was to directly compare Hyperion versus AVIRIS data for mapping altered rocks in a well-known volcanic study area.  Cloud-free Hyperion data of Mount Shasta, California, were acquired on October 2, 2001, and were compared with 1996 AVIRIS data having substantially greater signal-to-noise and spatial resolution.  The Hyperion data were determined to be sufficient for observing key aspects of alteration mineralogy as determined by AVIRIS mapping and associated field studies (Figure 1).  The Hyperion data also enabled pixel-by-pixel atmospheric compensation, which is important in high-relief terrain. 

2). Development of new modeling procedures that utilize alteration maps and digital elevation data to estimate potential debris flow source volumes. 

By coupling remotely sensed information on mineral distributions with digital elevation data it was possible to identify steep areas of altered bedrock at Mount Shasta and several other Cascade volcanoes.  Volume estimates of selected altered rock masses were then made by using GIS modeling techniques (Figure 2).  For all of the Cascade volcanoes examined to date, estimated altered rock volumes are generally consistent with the size of known Holocene debris flows.  For example, Mount Shasta has relatively small bodies of altered bedrock, and has produced only small to moderate Holocene debris flows.  Mount Adams and Mount Rainier have much larger amounts of altered rock and have produced much larger Holocene debris flows compared to Mount Shasta.  Results from this work are reported in Crowley et al., (submitted to JGR). 

3). Development of hyperspectral to multispectral data calibration procedures.

Hyperion data embedded within the broader image swaths of ALI and ASTER provided very useful leverage for calibrating and interpreting the multispectral data. This capability was especially valuable in remote areas where geologic information is limited. Specifically, Hyperion data acquired over two Chilean volcanoes were calibrated to approximate surface reflectance by using radiative transfer based methods.  Ground targets within the Hyperion reflectance data were then used to improve the band-to-band scaling of the ALI and ASTER data (See Hubbard et al., submitted to TGRS). Calibrated ALI and ASTER data of one study area were actually joined to generate a 13-band VIS-SWIR reflectance data cube.  Comparison of mineral mapping results obtained with the ALI+ASTER and the Hyperion imagery provided insights concerning dimensionality limitations of both data sets.  In particular, the Hyperion data were only marginally better for mineral mapping than the simulated 13-channel ALI+ASTER data set. Neither the Hyperion nor the combined ALI+ASTER data sets had sufficient spectral dimensionality for mapping the diverse range of surface materials exposed on the Chilean Altiplano.  

Significance of results:

The successful use of spaceborne systems for mapping altered volcanic rocks has several implications for volcanic hazards studies.  Remote sensing can provide basic information for making preliminary debris flow hazard assessments, including the locations of steep altered and unaltered rocks, estimated rock volumes, and the existence of glaciers or other water sources for debris flow mobilization.  This capability will be useful for many areas of the Earth where traditional geologic data are lacking. Spaceborne systems also will facilitate comparative studies of altered volcanic rocks and debris flows in a variety of geologic and climatologic settings. This will help to answer questions about the interplay between climate, edifice age and structure, alteration development, and mass wasting processes. Ultimately, remote-sensing observations of volcanoes should lead to a better predictive understanding of edifice failures and their associated hazards.  

The results of this project are also relevant to the planning of future sensor systems.  Hyperspectral imagery embedded in broader multispectral coverage is an effective conceptual design.  Such systems enable accurate atmospheric calibration of multispectral data, and also can be used to verify spectral mapping results.  On a less positive note, future hyperspectral systems must provide substantially greater signal-to-noise than Hyperion if they are to adequately resolve the spectral complexity of the Earth’s surface. 
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Figure 1. (A) AVIRIS alteration mineral map of Mount Shasta.  Yellow and cyan pixels--Advanced argillically altered rocks primarily composed of natroalunite (cyan) and kaolinite (yellow).  Red pixels--Oxidized rocks containing geothite.  Orange pixels--Thick portion of Red Banks pumice flow.  Green Pixels--amphibole (?) bearing rocks in Sargents Ridge cone. (B) Hyperion alteration mineral map of Mount Shasta.  Yellow pixels-- Advanced argillically altered rocks primarily composed of natroalunite and kaolinite.  Red pixels--Oxidized rocks containing geothite. Green Pixels--amphibole (?) bearing rocks in Sargents Ridge cone. Both sensors accurately defined key alteration mineral distributions. 
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Figure 2. Vertical profiles and modeled volumes of selected altered rock masses on Mount Shasta, Mount Rainier, and Mount Adams.  A triangular irregular network with dense mesh spacing was used to define the surface topography of each rock mass.  Altered rock vertical extents and base levels were determined from topographic profiles extracted across each of the rock masses.  Volumes between the topographic surface and each base level were calculated using ARC/INFO software.  The scale of altered rock masses is generally consistent with the scale of Holocene debris flows at each volcano. 
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