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II.
OVERVIEW 


A.
Statement of issue - The basic physical processes underlying volcanic activity (intrusions and eruptions) are now quite well understood, a situation to which the present applicant and his colleagues have been significant contributors over the last 28 years (see Literature summary).  Nevertheless there are a number of issues that still require more detailed investigation, including (1) the relationship in explosive eruptions between magma volatile content, pyroclast size distribution and the eruption speeds and dispersal of pyroclasts; (2) the relative importance of surface topographic slope and magma eruption rate in controlling the shape and travel distance of lava flows; and (3) the ability of shallow dike and sill intrusions to cause surface collapse in volcano summit areas and rift zones.  The frequent activity (well documented by the USGS and Park Service), the generally easy access and the excellent exposure and preservation of features on Kilauea make it an ideal location to conduct such investigations. 


B.
Literature summary Key papers (see LITERATURE CITED below) relevant to the three topics specified above are:


(1) Wilson (1980); Kieffer (1984); Vergniolle & Jaupart (1986); Head & Wilson (1989); Jaupart & Vergniolle (1989); Tait et al. (1989); Vergniolle & Jaupart (1990); Fagents & Wilson (1993); Wilson et al., 1995); Parfitt & Wilson (1995); Parfitt et al. (1995); Vergniolle (1996); Wilson (1999); Parfitt & Wilson (1999).


(2) Head & Wilson (1989); Heslop et al (1989); Wilson & Parfitt (1993); Pinkerton & Wilson (1994); Pinkerton et al. (2002); Ellis et al. (2004)


(3) Rubin & Pollard (1987); Wilson & Head (1988); Mastin & Pollard (1988); Ryan (1988); Bruce & Huppert (1989); Lister (1990); Parfitt (1991); Wilson et al. (1992); Rubin (1992); Favre (1993); Parfitt et al. (1993); Parfitt & Wilson (1994); Okubo & Martel (1998); Fialko & Rubin (1999); Scott & Wilson (2002).


C.
Scope of study - Geographically, data will be collected around the summit area and east Rift Zone of Kilauea volcano.  Conceptually, these data will be used to constrain and improve theoretical models of volcanic eruption processes.


D.
Intended use of results - The analyses of the data collected in these studies will be used for the production of research papers and will be incorporated into the investigators' teaching and outreach programs.

III.
OBJECTIVES/HYPOTHESES TO BE TESTED




(1) that the morphology of spatter ramparts can be used to deduce the mean eruption speed of the ejecta from an explosive basaltic eruption and, hence , the volatile content of the erupting magma;



(2) that lava flow morphology and maximum flow length can be adequately predicted by a newly developed model of flow cooling;



(3) that the development of collapse pits and craters in volcanic rift zones is correctly predicted by the best model of this process currently available. 

IV.
METHODS 

A.
Description of study area - During the first field season measurements will be made by the PI and 3 graduate students at the following locations around the summit area and East Rift Zone of Kilauea:



(1) at 4 fissure vents, these being located 80 m North of Keanakako'i, 20 m North West of Lua Manu, 50 m East of Lua Manu, and 20 m North West of Pauahi (project of Ms Rebecca Horne);



(2) at the Mauna Ulu lava flow that crosses Chain of Craters Road at Muliwai a Pele. The flow will be examined over most of its 8 km length from Mauna Ulu to the top of the Poliokeawe Pali (project of Mr. Benjamin Ellis);



(3) at the craters Keanakako'i, Lua Manu, Puhimau, Devil's Throat, Hi'iaka and Pauahi (project of Ms Elisabeth Hunter).

B.
Procedures - The following procedure will be followed:



(1) at the 4 sites pyroclast grain sizes will be recorded as a function of along-strike and lateral distance using calibrated digital photographs.  Digital photography will also be used to define the height and width of the welded spatter rampart along each side of the fissure vent.  Standard image processing computer software will be used to measure and count discrete particles visible in the images after they have been downloaded into a laptop.



(2) the cross sectional profile, width and thickness of the flow will be recorded using a mixture of scaled photographs, a hand-held range-finder and a hand-held theodolite.  The field measurements will be recorded on a portable computer and processed into graphs of cross-sectional shape later.



(3) the depths of these collapse craters will be measured using a hand-held range-finder and a hand-held theodolite (the planimetric shapes of these craters will be measured from maps).  The field measurements will be recorded on a portable computer and processed later using simple geometry to obtain crater volumes and wall slopes.


C.
Collections - No materials or samples will be collected..

D.
Analysis 



(1) The explosive eruption model described in Wilson (1999) predicts velocities of various sizes of pyroclasts as a function of the volatile content of the erupting magma.  A computer program based on an existing model developed by Co-I Fagents and PI Wilson (Fagents & Wilson, 1993) will be extended to predict the distribution, temperatures and accumulation rate of pyroclasts landing around a fissure vent and hence the distance out to which a welded deposit should be formed according to the analysis of Head & Wilson (1989).  Predictions will be compared with the field data to determine the apparent volatile content of the magma.  Ongoing work (Mitchell & Wilson, 2004) predicts that when a series of fissures erupt at increasing distances from a summit magma chamber there should be a corresponding systematic decrease of apparent magma volatile content with distance.  Such a trend will be sought in the results to test the model.



(2) The most recent model of lava flow rheology by our group (Ellis et al., 2004) treats flows as Bingham plastics in which the apparent yield strength and plastic viscosity vary with distance along the flow as a result of the evolving thermal profile.  The model predicts that apparent yield strength will remain nearly constant with distance from vent until cooling first effects the core of the flow, beyond which point apparent yield strength should increase rapidly.  The data collected will be fitted to the equations describing the model to test its validity and to suggest any necessary modifications.



(3) The only detailed model of collapse crater formation in volcanic rift zones is that by Okubo & Martel (1998), which contends that the upper edges of dike are enlarged by stoping as blocks of country rock are carried away by magma in the dike.  Rock fragments nearer the surface slump downward to replace the material removed and the collapse process eventually reaches the surface forming a crater.  We shall measure the crater volumes, obtain estimates of their ages from the literature in the library at the Hawaiian Volcano Observatory, and thus calculate the required average rock removal rate.  The same literature data base will be used to find the average rate at which magma has passed through Kilauea's East Rift Zone during the total period of formation of the craters.  The maximum rate at which this flux of magma could ingest and transport away rock fragments without becoming thermally or mechanically inhibited will be calculated.  The implied maximum rock removal rate will then be compared with the removal rate required to explain the crater formation by the Okubo & Martel model, which will thus be tested.


E.
Schedule - The first season of fieldwork will start on May 2, 2004.  Various subsequent phases of this project may continue for up to 5 years with the same investigators and additional graduate students. 


F.
Budget/Support - This project reflects part of the ongoing program of joint research into fundamental volcanic processes on the Earth and other planets being undertaken at the University of Hawai'i and at Lancaster University, U.K.  Thus the work by the PI and Co-Is will be funded by existing grants to the University of Hawai'i by the U.S. National Aeronautics & Space Administration (NASA) and to Lancaster University by the U.K. Particle Physics & Astronomy Research Council (PPARC).  Two of the three M.Sc. students involved in the first season of fieldwork are also partly funded by the U.K. Natural Environment Research Council (NERC).

V.
PRODUCTS

A.
Publications and reports - In the first year of the study each of the three M.Sc. students involved will prepare an internal report on their own project.  It is expected that the data they collect will contribute to at least 2 research papers co-authored with the PI and Co-Is.  Further work in subsequent years is likely to produce 1-2 research papers per year.


B.
Collections - We do not intend collecting any materials: data on the sizes of explosively ejected volcanic bombs and spatter, and on the cross-sectional shapes of lava channels, will be recorded photographically; measurements of the depths of collapse craters will be obtained with hand-held range-finders. 


C.
Data and other materials - We shall generate a series of digital images and data files derived from them that could be used by other volcanologists in similar analyses to those we propose.  These will be archived electronically at the University of Hawai'i (Manoa) and at Lancaster University, U.K.
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VIII.
SUPPORTING DOCUMENTATION AND SPECIAL CONCERNS - 


A.
Safety - No issues other than those associated with walking over rough lava flow and scoria deposits are expected.  We do not anticipate having to approach closely to large-scale active lava flows or explosive eruption sites should eruptions occur while we are in the field.  Any observations of such events would all be made photographically from a safe distance.  No permits from other organizations are required.


B.
Access to study sites - We shall not need to camp or to enter restricted areas.  We plan to be in the field for 10 days in 2004 and for 7-10 days in subsequent years.  All field sites are within one hour's walking distance of roads in the National Park.


C.
Use of mechanized and other equipment - No such equipment will be needed.


D.
Chemical use - No chemicals will be involved in the work.

E. Ground disturbance - No ground will be disturbed



Animal welfare - No issues affecting animal welfare are involved in this project. 


G.
NPS assistance - We do not anticipate needing any assistance from NPS staff. 


H.
Wilderness “minimum requirement” protocols - Not relevant.
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