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The volcanic model proposed by Ida succeeded to explain cyclic nature of volcanic activities.
The model consists of an elastic chamber replenished from below at a constant rate and a uniform
vent which responds to pressure inside as a Newtonian fluid. Discharge of magma from the
chamber is described as a Poiseuille flow. The model is expressed by a system of second order
nonlinear differential equations, the solution of which is proved analytically to be periodic. We
constructed an analytic expression of closed orbits on the phase space of this system, and
investigated the period of the system as a function of the viscosity of magma, z,, viscosity of the
country rock, 7., buoyancy, G, rigidity of the country rock, g, bulk modulus of the chamber, K,
and magma supply rate, /. It turned out that the period of this system largely depends on 7., y,
K and ], but not on 7, and G. For example, the period of this system is in proportion to the
square root of the viscosity of the country rock.
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HHETFIISRD L Itk ENn 3 (Fig. 1).
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vent radius : a
viscosity of

country rock : n.
flux in the vent : J
viscosity of magma : ur
buoyancy : G
pressure variation : p
initial volume

of chamber : Vr
volume variation

of chamber : v
bulk modulus

of magma : K
magma supply rate : 1

Fig. 1. A volcanic model (modified 1da(1996)). The chamber filled with
magma responds elastically to pressure inside. The country rock
surrounding the vent is assumed to be a Newtonian fluid. Magma is
constantly supplied from below and flows out through the vent as a
Poiseuille flow.
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Fig. 2. 3D-plot of (a) dimensionless period 7, and (b) dimensionless param-
eter y on (@mm, o) plane.
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Fig. 3. Periods vs. (a) magma supply rate I, (b) viscosity of the magma 7,
and (c) buoyancy G or the 4th power of the scale factor of vent radius
as. The horizontal axes show the ratio of these parameters to their
standard values which are given on Table 1. The vertical axes show
the period of the system’s oscillation, in the unit of a day.
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Table 1. Standard values of physical parameters in the calcula-
tions for Fig. 3. These parameters are determined on the
basis of the values which Ida (1996) prescribed in his calcu-
lation about Unzen Volcano (Oct 22—28, 1994). The initial
condition is given at gp;,=107°%.

[ viscosity of magma 7, [Pa - s] 10%°
viscosity of the country rock 7. [Pa - s] 3.8x10%
buoyancy G [Pa/m)] 2X10°
initial volume of the chamber V, [m?] 3.3%107
rigidity of the country rock yx [Pa) 3x10°
bulk modulus of the magma K [Pa] 1.5%10'
magma supply rate J [m®/s] 2.8%107?
scale factor of vent radius a, [m] 35
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