ERUPTION REGIME AND MAGMA SYSTEM PARAMETERS OF THE VOLCANO SHIVELUCH
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The principal characteristics of the eruption regime of Sheveluch are as follows (Melekestsev et al., 2003, 2004): 1) cyclic alternation of short and very intensive gas-pyroclastic eruptions and relatively prolonged repose stages including several extrusive episodes; 2) the intervals between gas-pyroclastic eruptions from the year 970 are: 60 - 400 - 220 - 200 - 110, the average is 200 years; 3) the average magma discharge rate is approximately constant: 450 kg s-1 during the last 350 years and 560 kg s-1 during the last full cycle between 1854 and 1964; 4) the average magma discharge rate during gas-pyroclastic eruptions is very high - 7.5x108 kg s-1 in 1964; 5) there is a significant time interval between the end of a gas-pyroclastic stage and the start of the following extrusive stage - 16 years in 1964.

Sharp changes in magma discharge rate indicate the existence of a shallow magma chamber - the reservoir where magma could be periodically accumulated. Petrological data of M. Hamphrey (2004) indicate a magma chamber depth of approximately 5 km and a relatively large dissolved water content - 5%. Magma temperature was estimated to be in the region of 900oC. In this case, the end of the gas-pyroclastic phase must be the result of the fragmentation level shifting to the magma chamber (Slezin, 1991, 1998). Using the approach of Slezin (1991, 1998), magma drawdown (partial magma chamber evacuation) can be calculated. Then, knowing total erupted volume reduced to the dense magma, the horizontal dimension of the magma chamber can be estimated.

To calculate magma drawdown one should know the conditions at the magma chamber’s upper boundary at the end of the gas pyroclastic stage of eruption. These conditions correspond to the beginning of the magma foam disruption in the magma chamber, when bubbles are in a tight-packing state. If the equilibrium between dissolved and free gas in bubble-rich magma is maintained, the pressure of 13 MPa and the dissolved water content of a little more than 2 wt% corresponds to these conditions. Maximum value of the magma drawdown would be about 1.8 km and the diameter of the cylindrical magma chamber would be a little more than 0.5 km. As the gas-pyroclastic stage had lasted only 20 minutes, an equilibrium state could not be reached.  Therefore, the magma drawdown had to be less and the magma chamber diameter larger, but in all cases no more than 1 km. The small magma chamber horizontal diameter (much less than the chamber depth) is the cause of the lack of caldera subsidence.    

The resumption of eruption and the beginning of a new cycle indicates the existence of the peripheral magma chamber feeding from depth. It can be suggested that the time interval between the end of the gas-pyroclastic stage and the beginning of the extrusive stage should be approximately the time needed to refill the partly evacuated magma chamber and the conduit. Dividing the erupted pyroclastic mass by the repose time before onset of extrusion, one obtains an average discharge rate of 1780 kg s-1.  This is thrice larger than the average magma discharge rate in the last 110 year cycle, but near the maximum discharge rate at the beginning of the extrusive dome growth. The difference between average discharge rate in 110 years of the full cycle before and in 16 years after the partial magma chamber evacuation can be explained by the discharge rate increasing as a result of the decreasing of the external loading after the eruption of the great mass of magma. This difference can help to obtain some parameters of the deep feeding system.

Average discharge rate during 20 minutes of the 1964 gas-pyroclastic eruption, known characteristics of magma and the depth of the upper boundary of the magma chamber enable one to find conduit parameters using method described in (Slezin, 2003) adding some assumptions about conduit shape (a vertical cylinder) and using iterations.

At first conductivity parameter σ is calculated by numerical procedure (Slezin, 1998).
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R is the conduit radius; η is magma viscosity, which is needed to provide actual eruption regime and intensity. Also magma ascent velocity is calculated. For the 1964 Sheveluch eruption conductivity is approximately 0.15 m2 Pa-1 s-1. Magma velocity at the magma density 2500 kg m-3 before the end of the gas-pyroclastic stage is 12 m s-1 and the average velocity at this stage is about 20 m s-1. So, the cross-sectional area of the conduit is 1.7x104 m2 and the radius of the circular cross-section is 70 m2. Magma viscosity under the fragmentation level can be estimated using equation (1) as 3.3x104 Pa s. The calculations of M. Hamphrey (2004) give the same value of Sheveluch magma viscosity at the temperature of 860oC which corresponds to the average temperature of Sheveluch magma calculated by different geothermometers.  
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